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Abstract: Reductive demercuration of representative alkylmercuric bromides by metal hydrides has been shown

to invo lve generat ion o f  in termediate  a lky l  rad ica ls  by compar ison of  thc  product  d is t r ibut ions obta ined on de-

mercuration wirh those observed on reduCtion of the corresponding alkyl chlorides by tr i-n-butylt in hydride under

free-radical condit ions. Rcductions of neophylmercuric Lromide (1) and 1,7,7-tr imethylbicyclol2.2.1]heptyl '2-

mercuric bromide (2) using sodium borodeuteride, diethylaluminum deuteride, deuterio(tr i-n-butylphosphine)-

copper(l) ,  and tr i-n-butylt in deuteride occur without the rearrangements characterist ic of intermediate carbonium

ions. Reductions of e.ro- an<l endo-norbornyl-2-mercuric bromides (3 and 4) with the same reducing agents yield

-90: l0 mixtures of e.ro- and endo-nocbornane-2-d,. Reductions of exo- and endo-Z-chloronorbornane with tr i-

n-butytt in deuteride yield an 84: l6 mixrure of these norbornane-dr epimers. The relat ive y' iclds of 3-acetoxynor-

tr icyclene (13), anti- i-o.. to*ynorborn-5-ene (16), and e-ro-2-acetoxynorborn-5-ene (17) obtained on reduction of

cis-ext;-?-acetoxynorborn-5-ene-3-mercuric bromidc (5) and e.ro,e.ro-3'acetoxynortr icycly l-5-mercuric bromide

(6) with metal deuterides compare closely with those,,obtained on reduction of endo-2-chloro'e'ro-3'acetoxynor-

born-5-ene (g) and exo-3-chloro-ex,r-5-atetoxynortr icyclene (12) with tr i-n-butylt in hydride. Fgrr comparison,

e.ro-2-chloro-end6-3-acetoxynorborn-5-en e (1), endtt-2-chloro- enclo-3-acetoxynorborn-5-ene (9), and exo-3-chloro-

entle-5-acetoxynortr icycleni ( l l )  have also been reduccd with tr i-n-butylt in hydride. Theproducts from reduc-

t ions of these alkyl chiorides provide evidence that norborn-5-en-3-yl radicals substi tuted at the 2 and 7 posit ions

inrerconvert rapidly through appropriate nortr icyclylradicals(e.g., 18 = 19 = 20 and 2'L=72=23)'  Reduc-

tive demercuration of the alkylmercuric chlorides is proposed to involve intermediate alkylmercuric hydrides'

- fh.  development of  promising procedures for the
I  Markovn ikov  convers ion  o f  o le f ins  to  a lcoho ls ,

ethers,  and amides based on the generat ion oi  a lkyl-
mercury compounds by solvomercurat ion fo l lowed by
demercurat ion using sodium borohydr ide has renewed
interest  in organomercur ia ls as synthet ic interme-
cl iates.  3 ' {  The mechanism of the solvomercurat ion
steps in these procedures is wel l  understood;5'6 the

( l )  Supported by tha Nat ional  Science Foundat ion.  Grant  No. GP-
l4 l . l7,  ancl  thc Nat ional  Inst i tutes of  Heatth,  Grant  No. GNI '16020.

(2)  Nat ionai  Inst i tutcs of  Heal th Predoctoral  Fel low, 1966-1970.
(3 )  D .  J .  Fos te r  and  E .  Tob le r ,  J .  Amer .  Chem.  Soc . ,83 ,851  (1961) .
( - l )  H .  C .  B r o w n  a n d  M i n - H o n  R e i .  i b i d . , 9 1 , 5 6 4 6  ( 1 9 6 9 ) ;  H '  C '

B roun  and  J .  T .  I {u rek ,  i b id . ,9 l '  5647  (1969) ;  W.  C .  Ba i rd '  J r . ,  and
l v l .  B u z a ,  J .  O r g .  C h e n t . , 3 3 , . l l 0 5  ( 1 9 6 3 ) ;  H .  C . B r o w n  a n d  P .  G e o g h e -
gan, Jr . ,  J .  Anrer.  Chent.  Soc. ,  89,  1522(1967);  H.  C.  Brown and W. J.
Hammar ,  i b id . ,89 ,  152 ' t  (1967) ;  H .  C '  B rown,  J .  H .  Kawakami ,  and
S. Ikegami,  ibk l . ,  89,  152-5 (1967).

(5 )  Rev iews :  J .  Chr t t ,  Chem.  Reu . ,  51 ,7  (1951) ;  N '  S .  Ze t i rov ,  Rass '
Chem. Reu,. ,34,527 (1965);  W. Ki tching,  Organometsl .  Chem. Reu' ,  3,
6 l  (  1968) .

(6)  R.  D.  Bach,  J.  Amer.  Chem. Soc' ,91,  l77l  (1969) '  and references
therein.

mechanism of reduct ive denrercurat ion using metal  hy-

dr ides is less c lear.T
The major f ract ion of  the evidence pert inent to the

mechanism o[ react ion of  sodium borohydr ide and

a lky lmercur ia ls  i s  s te reochenr ica l  in  na ture .  Reduct ions

of methyl  2-acetoxymercur i -2-deoxy-2,3, '1,6-tetra-O-
acety t -p -o-mannopyranos ide  and re la ted  compounds. '

. , r - j -o . . toxyb icyc lo [2 .1 .1 ]hexane- i -n rercur ic  ace ta te . "

c i s- e x o -2-tryd ro iy bicyclo[2. 2. I ]he pta ne-3_-mercuric c hl o -

r ide.r0 and, t rani- l -hydroxycyclopentyl-2-mercur ic acc-

ta te l r  a re  repor ted  to  p rocced w i th  p redominant  ( ) r

exc lus ive  re ten t ion  o f  con f igura t ion  a t  the  carbon a ton l

or ig inal ly bonded to mercur l ' .  whi le reduct ions of  ervr l t '

( 7 ) T h e r e d u c t i o n o f o r g a n o m c r c u r i c h a l i d e s b y o t h e r c h e m i c a l a r t . i
e leci rochemical  methods has been revierved:  F.  R.  Jensen and B. Rick-

bo.n,  . iEl .c t rophi i ic  subst i tut ion of  organomercur ia ls,"  McGraw-Hi l l ,

New York ,  N .  Y . ,  1968 ,  P  137 . -
(8)  J.  H.  Lef t in and N. N.  L icht in,  Israel  J '  Chem" 3 '  107 (1965) '

i g j  F .T .  Bond ,  J .  Amer .  Chem.  Soc ' ,  90 ,5326  (1968) '

i f  
'o l  

f .  G.  Bordwel t  and M. L.  Douglass,  ib id ' .  ESr l?J (1966) '

i r  r i  O.  J.  Pasto ancl  J.  A.  Contarz,  t { t 'd . ,  9 l '  719 (1969) '
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ro- and threo-2-hydroxjbutyl-3-mercur ic acetaterr  and
of ci.s- and trans--t-methylcyclohexylmercuric chloride r :
are reported to take place with loss of  stereochemistry.
A  common mechan ism fo r  these reduc t ions  invo lv ing
generat ion of  inrermediate f ree alkyl  radicals might
be expected to y ie ld products wi th loss of  stereochem-
istry in each ca3e. whi le ionic or concerted mechanisms
might lead to products wi th retained stereochemistry.
However,  each example character ized by retent ion of
stereochemistry on reduct ion has invol l 'ed examinat ion
of only one of  the two possible diastereomers di f fer ing
in conf igurat ion at  the carbon atom bonded to mercury.
Wi thout  a  complementary  examinat ion  o f  the  s te reo-
chemical  course of  the reduct ion of  the second di-
astereomer,  no convincing stereochemical  or  mech-
anist ic general izat ion can be drawn from these studies.

A wide var iety of  important organometal l ic  react ions
unre la ted  to  demercura t ion  invo lve  a  s tep  in  wh ich  a
carbon-metal  bond is t ransf ,ormed into a carbon-hy-
drogen bond. r r  An in te res t  in  th is  fundamenta I  c lass
o f  reac t ionsr { '  r .1  has  prompted us  to  a t tempt  to  reso lve
the  s te reochemica l  ambigu i t ies  posed by  prev iouss- t l
s tud ies  o f  reducr ive  demercura t ion  by  examinat ion  o f
the  reac t ions  o f  representa t ive  meta l  hydr ides  w i th
2-pheny l -2 -methy lp ropy lmercur ic  b romic le  ( l ) ,  1 ,7 ,7 -
t r imethy lb icyc lo [2 .2 .1 ]hepry l -2 -mercur ic  b romide (2 ) ,
exo-  and endo 'b icvc lo [2 .2 .1 ]hepty t -2 -mercur ic  b ronr ide
(3  and 4) ,  c is -exo-2-aceroxyb icy 'c lo t2 .2 . l . ]hep t -5 -ene-3-
mercur ic bromide (5),  and exo,exo-3-aceroxytr icyclo-
[2 .2 .1 .0 : '6 ]hepty l -5 -mercur ic  b romide (6 ) .  t6  tn  ih is  paper

HgBr
C,rHtC(CH,)2CH3HgBr

I

HgBr

NA..A.
,-l'--> ,.-/>-----oA" l-\

/ t /

ft: 4-'.-4;,',' *:ffi,r,,
H g B r H f t I i

4 5 s

we w ish  to  repor t  tha t  the  produc t  d is t r ibu t ions  ob-
ser led  on  reduc t ion  o [  these organomercury  reagents
are  independent  o f  the  na ture  o f  the  reduc ing  agent ,
and to suggest that  the structures of  these products
are  cons is ten t  w i th  a  mechan ism o f  reduc t ion  invo lv ine
intermediate f rec alkyl  radicals.

Results

Reduct ion of  Neophylmercur ic Bromide ( l )  and 1,1,7-
Tr imethylbicyclo[2.2. f ]heptyl-2-mercur ic Bromide (Z).
One conceivable mechanism for reduct ion of  an alkyl-

(12) Unpubl ished rvork of  T.  G. Traylor  quoted in footnote 27 of
r e t ' 1 0 .

(13) For references ro representat ive react ions,  c/ .  J .  p.  Col lman,
.4ccoun ts  Chem.  Res . ,  l ,  136  (1968) ;  R .  Cramer ,  i b id . ,  I  186  (1963) ;
R .  F .  Heck ,  i b id . ,2 ,  l 0  (1969) ;  L .  Rc ich  and  A .  Sch ind le r ,  , . po l ymer i -
zat ion by Organometal l ic  Compounds,"  Intcrscience,  New york,  . \ .  y . ,
1966, Chaprer 4;  J.  P.  Col lman in "Transir ion lv lc ta l  Chcmistry,"  Vol .  l ,
R.  L.  Car l in,  Ed. ,  Marcel  Dekker,  New York,  N.  y. .  1966.

(14) C.  M. Whitesides,  J.  San Fi l ippo,  Jr . ,  E.  R.  Stedronsky,  and
C. P.  Casey,  J.  Amer.  Chem. Soc. ,  91.  6542 (1969).

(15) G. M. Whitesides,  E.  R.  Stedronsky,  C.  p.  Casey,  and J.  San
Filippo, Ir., ibid., 92, 1426 ( 1970).

(  l6)  These names arc consisrent  wi th the ru lcs of  nomenclature of  thc
Internat ional  Union of  Purc and Appl ied chemisrry.  Hereaf ter ,  fa-
mi l ier  t r iv ia l  namcs arc somcr imes uscd.

mercur ic  ha l ide  by  a  hydr ide  donor  *ou iJ  invo l re
in i t ia l  fo rmat ion  o f  an  in te rmed ia te  a lky l  carbon ium i t rn
by  Lewis  ac id  ass is ted  ion iza t ion  o f  the  carbon- rnsr .u rv
bond in  a  reac t ion  ana logous to  those ex t r rn3J  b i
Jensen and Oue l le t te , '7  fo l lowed bv  ccrn \  e rs lo l t  , . : '  i  i r r . ,
carbon ium ion  to  hydrocarbon by  reacr ion  w i th  i - - . : :  . ,
hydr ide .  As  a  f i rs t  s tep  in  es tab l i sh ing  the  mechanr : : :
o f  reduc t ion  o f  a lky lmercur ic  ha l ides  by  meta l  h )  -
d r ides ,  we hav 'e  examined the  reac t ion  o f  neophr  l -
mercur ic  b romide (1 )  and 1 .7  ,7  - t r in re rhy lb icyc lo [2 . ] .1 ] -
hepty l -2 -mercur ic  b romide (2 )  rv i th  a  se lec t ion  o f  mete l
hydr ides .  The carbon iunr  ions  der ived  f rom the  or -
gan ic  mo ie t ies  o f  these org tnornercur .v  compour rds
undergo we l l -es tab l i shed and charac ter is t i c  s t ruc tunr l
rearrangements at  rates suf f ic ient l .v rapid to be at  lcxsr
compet i t i v 'e  w i th  reduc t ion .  wh i le  the  cor respond inu
radicals undergo these rearrangentents at  much slow'er
ra tes .  S tud ies  o f  the  so lvo lys is  o f  neophy l  der iva t r rcs
ha le  shown tha t  1 ,2 -ary l  rn ig ra t ion  proceeds concon l -
i t a n t l y  w i t h  i o n i z a t i o n . t i  w h i l e  a r v l  m i g r a t i o n  i n  n c o -
phy l  rad ica l  i s  re la t i ve ly  s low.  re  i0  S imi la r ly ,  e \ -
aminat ions  o f  the  so lv 'o lys is  o f  norbornanes susgcsr
t h a t  i o n i z a t i o n  o f  2 - s u b s t i t u t c d  d c r i v a t i v e s  o f  l . l  . l  -
t r imethy lb icyc lo [2 .2 .1 ]heptane proceeds d i rec t l t  to  111"
te r t ia ry  carbon ium ion  resu l t ing  t ' ronr  Wagner - lV Ieer -
we in  rexr rangement  w i thout  pass ing  th rough a  d isc rc re
secondary  in te rnred i ' r te . : r r , : ' r  Re l r rangements  o f  ana i -
ogous  norborny l  rad ica ls  a re  very  s low a t  room tenr -
perature.  r r  Thus, the absenc'c of  retrranged product:
in  the  reduc t ions  o f  1  and 2  w i rh  meta l  hydr ides  shou ld
cons t i tu te  su fhc ien t  ev idence to  exc lude carbonr  u  n r
ion  in tc rmed ia tes  in  these rcac t ions .

Tab le  I  l i s ts  p roduc ts  and y ie lds  observed on  rc -
duc t ion  o f  L  and 2  us ing  sod iunr  borodeuter ide .  d i -
e thv la lu  minum deuter ide ,  :  {  deuter io ( t r i -n -bu ty lp  hos-
ph ine)copper ( l ) ,  r {  and t r i - r r -bu tv l t in  deuter ide . :5  C lpc
ana lys is  o f  these reac t ion  mi r tu res  d id  no t  de tec t  rc -
a r rangement  p roduc ts  f ro rn  e i thc r  1  o r  2  in  any  ins tancc .
Thus ,  these reac t ions ,  and by  in fe rence the  demercur : r -
t ion  reac t ions  r - r f  the  s i rn i la r  o rganon)ercury  reagcnr )
examined in  the  fo l low ing  sec t ions ,  do  no t  p roceed
by carbon ium ion  mechan isms.

Reductions of exo-Norborn"v.' l-2-mercuric Bromide t.3 t
and endo-llorbornyl-2-mercuric Bromide (4). In i ln
ef for t  to detect  possible f ree-radical  intermediates in the
reduct ion of  a lkylmercur ic hal ides by metal  hydr ides,  we
compared the  compos i t ion  o f  the  mix tu res  o f  end, t -
and exo-norbornane-2-cl t  obtained on reduct ion of  e.vrr-
and endo-norbornyl-2-nrercur ic bronr ide using each rr i

(17) F.  R.  Jensen and R. J.  Ouel let te,  J. .4mer.  Chem. Soc. ,83, .1.177.
4 4 7 8  ( 1 9 6 1 ) ;  i b i d . , 8 5 , 3 6 7  ( 1 9 6 3 ) .

(18 )  A .  H .  Fa inberg  and  S .  Wins te in ,  i b id . , ' 19 ,  1608  (1957) ;  W.  H .
Saunders ,  J r . ,  and  R .  H .  Pa inc ,  i b id . ,83 ,  881  (1960) .

(19 )  R .  Kh .  F re id inger ,  Adcan .  F ree  Rad ica l  Chem. ,  1 .211  (196-< r :
C .  Ruchard t ,  C l tem.  Ber . ,  94 ,2599  (1961 .

(10 )  Fo r  examp le .  reduc t ion  o f  ncophy l  ch lo r ide  w i th  t r i -n -bu r1  [ t r r r
hyd r ide  under  f ree - rad ica l  cond i t i ons  (A IBN,  hv ,25 ' ,  nea t ,  o r  -10 ' ,
r r -hexadecane solut ion) leads to no dctccrable isobuty lbenzene.

( l l )  Reviervs:  J.  A.  Berson in " lv lo lecular  Rearrangements,"  Vol .  I .
P.  deMayo, Ed. ,  Interscience Publ ishers,  New York,  N.  Y. ,  1963, Chi i r -
te r  3 ;  A .  S t re i tw iese r ,  J r . ,  "So lvo ly r i c  D isp lacement  Reacr ions .  

'

McGrarv-Hi l l ,  Nerv York,  N.  Y. ,  1962, p 126 f I .
( :2)  H.  C.  Brown and H. Nl .  Bet l ,  J .  Amer.  Chem. Soc. ,  86.  5t)0rr

(  196-1).
(23) D.  I .  Davies and S,  J.  Cr isto l ,  .4dcan. Free Radical  Chem.,  l ,  l> j

(  I  e 6 5 ) .
(21) G. Wi lke and H. Mul ler ,  Justus Liebigs Ann. Chem..  629,  2: :

(  1 9 6 0 ) .
12,s)  Tr i - r r -buty l t in dcuter idc was prepared by modi f icat ions o[  rh, '

me thod  o f  K .  Kuh le im,  W.  P ,  Ncumann ,  and  H .  l l oh r ing ,  Anqe" .
Chent. ,  Int .  Et t .  Engl . ,7,  -155 (1968).

H
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Reductions of Neophylctercuric Bromide (1) and 1,7,7-Trimethylbicyclo[2.2.1]heptyl-2-mercuric Bromide (2)''

RHgBr
Reducing

agent Solvent
Product yield, [, and
isotopic composition

.,
,
7

)

NaBDr
Et,AID
DCuP(rr-Buh
BurSnD

NaBDr
EtrAlD
DCuP(rr-Buh
BurSnD

3 : I THF-HrO
EtrO
3 : I THF-EhO
None

3: I  THF-HIO
Et:O
3: l  THF-EI :O
None

r-Butylbenzeneb
IOO (857, dt)
96 (94% d,)
55 (78% dr)
90 (93% d)

Bornane
100
97
5 3

100

Isobutylbenzene
<0.  I
< 0 .  I
< 0 .  I
< 0 .  I

Camphane
< 0 .  I
<0 .  I
< 0 .  I
< 0 . 1

" Reduclions were cafried out at ambient tempeaatufe. b In eech instance the ralio of the yields of t-butylb€nzene to isobulylbenzene was
>99. ' ln each inslance the ratio of the yields of bomane to camphane \r'as >99. Camphene was not detected.

TableII. Stereochemistry, Yield, and Isotopic Composition of the lvllxture of endo- and e.ro-Norbornane-f-/r and Norbornane-r/o
Obtained on Reduction of e-ro-Norbornyl-2-mercuric Bromide (3) and eldo-Norbornyl-2-mercuric Bromide (.1).

Yie ld .  %t e.ro:(trt lo '

Isotopic
composit ion,

7.,1,Substrate
Reducing

agent Solvent

3
3
3
J

4
4
4
4
enclo-2-Chloro-

norbornanc
e.ro-2-Chloro-

norbornane

3:  I  THF-H:O
Et:O
3 : l  THF-E I :O
Neat
3 : l  THF-H :O
Et ,O
3 : l  THF-E I :O
Neat
Neat

Neat

NaBDr
Et2AID
DCuPBu,rd
BurSnD
NaBDr
Et:AlD
DCuPBurr
BurSnD
BurSnD'

BurSnD"

8l
96
8.1

100
87
92
85
95
94

94

96
99
63

100
96
99
6 t

100
J

f

9 0 :  l 0
9 l  : S
9 l : 9
9 0 :  l 0
9 0 :  l 0
8 9 : l l
9 t : 9
9 0 : 1 0
8.1 : l6

8,1 : 16

. Reductions were carried ou! at room temperature. t Toml yield of dculeraled and nondeulerated norborndnes. bascd on suniog sub-
s!ra!e. . The esrimared accumcy of these fttrios is = i % (absolute). rTheDCuPB T used conuined -0,25 equiv ol py.idine per equivalent
o [  coppe r .  r t  l f t he rcduc t i onwasca r r i edou t i npy r i d i nc , t hey i€ l do lno rbo rnanewcs68%. 'Cd . r i edou rus ingA tBNand l i gh tas in i r i a l o r .
/ Yiclds were no! obtained in thcsc expenmenrs.

the metal  deuter ides employed in the previous sect ion
with that  observed on reduct ion of  endo- and exo-2-
chloronorbornane with t r i -n-butyl t in deuter ide under
f ree- rad ica l  cond i t ions .

Pure endo-norbornyl-2-mercur ic bromide (4) was ob-
tained by preferent ia l  destruct ion of  the exo-norbornyl-
2-mercuric acetate in a mixture of exo and endo isomers
under solvolyt ic condi t ions fo l lowed by conversion of
the endo-acetate to 4 on treatment with aqueous po-
tassium bromide solut ion.rT'36 Pure exo-norbornyl-2-
mercur ic bromide (3) was obtained by isolat ion of
exo-norbornyl-2-mercuric acetate from a mixture oi
exo- and endo-acetates by lractional crystall ization,
fo l lowed by conversion to 3 on treatment wi th potas-
sium bronr ide.  Reduct ions of  3 and 4 were accom-
pl ished by react ion wi th the appropr iate metal  deuter ide,
and the resulting mixture of exo- and endo-norbornane-
2-dt and norbornane-dg was isolated by glpc. The ratio
of e.ro- to endo-norbornane-dr in this mixture was deter-
mined by i r  analysis,  using the character ist ic bands
ident i f ied by Nickon and Hammons,:7 and the extent
of  deuter ium incorporat ion into the mixture was deter-
mined by mass spectroscopy. The resul ts of  these
exper iments are summarized in Table I I .  For compari-
son, th is table also l is ts the corresponding data for

(26) S. Winstein, E. Vogetfanger, K. C. Pande, and H. F. Ebel,
J. Amer. Chem. Soc., 84, -1993 (1962).

(27) A.  Nickon and J.  H.  Hammons, ib id. ,  86,3322 (1964).  We wish
to thank Professor Nickon for supplying us with ir spec[a of exo' and
e nd o - nor b ornan e-2-dr.

the mixt ,ure of  norbornane-2-( /1 epimers obtained on
reduct ion of  enclo- and eno-2-chloronorbornane using
AIBN and l igh t  as  f ree- rad ica l  in i t ia to rs .

Three features oi  the data of  Table I  are pert inent
to  the  ques t ion  o i  the  mechxn ism o f  reduc t ion  o f  3
and 4 by nretal  hydr ides.  First ,  reduct ion of  3 and 4
proceeds with loss of  stereochemistry,  and the rat io
of  exo- to endo-norbornane-2-r l r  obtained in any re-
duct ion is independent of  the stereochemistry of  the
start ing mater ia l .  To make certain that  th is stereo-
chemical  resul t  d id not s imolv ref lect  loss of  stereochem-

} I - D
+

H

HgBr

N\
r|-> rlLa" + ,^4, +

D H

t+HgBr
-10  :  -90

istry in the start ing organomercury reagents, :8 rc-

(28) The facile free-radical displacmcnts observed at mercury:s atrtl
other metalsro provide a low-energy pathrvay lor loss of stereochemistrl '.

(29) F,  R.  Jensen, L.  H.  Gale,  and J '  E.  Rogers,  J.  Amer.  Chem. Soc-.
90,  5793 (1968);  F.  R.  Jensen and D. Hevman, ib id. ,  t8,3438 (1966);
ref  7,  Chapter 4.

(30) P.  J.  Krusic and J.  K.  Kochi ,  ib id. ,  91,  3942 (1969),  and reter-
ences therein.

lVhitesides, San Filippo I Reducrion oJ'Alkylmercuric Halides
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duct ions of  3 and 4 wi th sodium borohydr ide were
car r ied  to  -5oro  comple t ion .  Compar ison o f  the
melt ing point  and i r  spectra of  recovered and sto. t in!
mater ia l  establ ished that in these react ions,  and prei
sumably  in  the  remain ing  reacr ions  in  ta6 le  I I ,  no
loss of  stereochemistry in the start ing mater ia l  ac-
companies the react ion.  Second, recluct ions of  3 and 4
with metal hydrides and of endo- and. exo-2-chloro-
norbornane with t r i - r r -buty l t in deuter ide lead to ap-
proximately the same rat io exo- to endo-norbornane-
2'c1,. Third, the ratio of exo- to endo-norbornan e-2-dr
in  reduc t ion  o f  3  and 4  is  inc lependent  o f  the  na ture
of the metal  deuter ide used as reducing agent.

Since reducr ion_of arkyr har ides * i r r i  t r i - r -buty l t in
hydr ide  us ing  AIBN and photochemicar  in i r ia t ion  is
be l ieved to  take  p lace  by  a  rad ica l -cha in  mechan ism, r r
borh the s inr i lar i ty in exo:ertc lo rat ios l is ted in Table
I I  for  reduct ions of  the norbornyrmercury reagents
and o f  the  norbornv l  ch lo r ides  and the  loss  o f  , t J r .o -
chemis t ry  observed dur ing  these reac t ions  suggest  tha t
a lky l  rad ica ls  may be  in te rmed ia tes  in  the  or tanomer-
cury  reduc t ions . r r  Moreorer ,  the  independen 'ce  o l  the
e-uo;endo rat io observed tor reduct ion oi '  the mercur ia ls
t t )  changes in  the  s t ruc t l l res  o f  the  recruc ing  agents
suggests  tha t  these reduc t ions  m. ly  share  a  common
hydrogen a tom donor ,  c i : . ,  tha t  t -he  spec ies  invo lved
in  hydrogen a tor . *  t ra .s te r  to  the  prc -Sur1€d in te rmed ia te
n . rborn .v l  r ld ica l  may be .  s .g . .  a  n ' rbornyrnrercur ic
hydr ide .  r * rher  than the  r t r . t " i  hydr ic les  ac tua l l y  I i s tec l
in Table II (cide infru).

Reductions of cis-exo-2-Acetoxy'norrrorn-5-ene-3-mer-
cur ic Bromide (5) and exo.e.ro-3-Acetoxl 'nortr icycr_vr-s-
mercur ic  Bromide (6 ) .  The s imi ra r i t y  o r  the  produc t
d is t r ibu t ions  observed on  meta l  hydr ic re  reduc t ion  o f  3
and 4  and on  t r i - i r -bu ty l t in  hy 'd i i c re  reduc t ion  o f  the
ana logous norborny l  ch lo r ides  impr ica tes  a  f ree- rad icar
mechan ism to r  the  fo rmer  rc lc t ions .  Howc 'vs1 ,  s ince
th is  s in r i la r i t v  r r r igh t  have been acrvent i t ious ,  i t  seemed
wor thwh i ie  to  car ry  o r r t  a  para i le r  compar ison  us ing
r r n  u n r e r a t e d  n r c c h a n i s t i c  p r o b e .  w i t h  t h i s  g o a l  i n
mind.  we ha 'e  comparecr  the  c r is t r ibu t ion  o f  subs t i tu ted
n o r b o r n e n y r  a n d  n o r t r i c y c r y l i 3  p r o d u c t s  o b t a i n e d  o n
metal  hydr ide reduct ion of  c i . r -c.ro-2-acetoxynorborn-
5-ene-J-mercur ic bromicre (5) and exo,e.ro-3-acetoxv-
nor r r i cvc ly l -5 -mercur ic  b romide (6 )  w i th  thos .  

"u i " i " .aon f ree- rad ica l  reduc t ion .  us in .q  t r i - r -bu ty r t in  hydr ide ,
ot' e.ro-2-chl oro-encro-j-acetoxy-. errcro-2-chroro-exo-3-
acetoxv- '  and encro-2-chroro- indo- j -acetoxvno.bo.n-s-
ene (7 .  8 .  and g .  respec t ive ly ) ,  and o i  e io -3-ch lo ro_
endo-5-acetoxy- ancl  exo-3-chroro-exo-5-acetoxynortr i -
c v c l e n e  ( 1 1  a n d  r 2 ) .  R e c r u c t i o n s  o f  5  a n d  6  w i t h i o d i u m
borohvdr ide  had been examinec l  p re ' iousrv  bv  pas to
and Gontarz . r r  and recent ly  reexamined by  Grey  and
Jackson. ; ; r  rhe  resur ts  re io r ted  by  the  la t te r  inves-
t lga tors  a re  in  exce[en t  agreement  ,u i th  those ob ta ined
in  our  work .  Compoun ls  5  and 6  were  syn thes ized
by  oxymercura t ion  o i  norbornad iene.  us ing  o 'p ro . .dure

(31 )  (a )  H .  G .  I {u i v i l a ,  Accoun ts  C t rem.  Res . ,  2 .299  (1969) ;  (b ),4dcan. Orqanomerat .  Chgtn. ,  l ,  47 (19641; (c)  L.  W. l lenapace anclH. C.  I (u ivr ta,  J.  .4mer.  Ct tem. srr . ,  bo, io+z i lsol ' r .  
'  r ' rv^ 'q!

( l : )  The predominan dy e.ro deuterat ion i '  thcse rcact ions is  in agree-mcnt rv i th-  the expectat ion th. t  1-norbornvr radicar should abstracthydrogen from a suitablc donor ,,.,or. i""aify from tt. uro siac; cf.D .  I .  Dav ies  and  S .  J .  C r i s to l ,  . l a r i ^ ' i . r r i  Rad ica lChem. , l ,  155  (1965) ;P .  D .  Bar t l c r t .  G .  N . .F i ckcs ,  f  C .  g l r "p r ,  and  R .  He lgeson ,  Accoun tsChent.  Res. ,  J .  : -19 (  1970).
(33 )  G .  A .  Grey  anc l  W.  R .  Jackson ,  J . .4n te r ,  C l r cm.  Soc . ,91 ,6105(  r969) .

Jourruil ol rhe .lntaric'un Crternicur Srciet.y, g2.22 t Nocenther 1.

based on  tha t  deveroped by  pande and w ins te in  toprepare the corresponding alkvlnrercur ic chlor ides.  r{  Amix tu re  o f  compounds 7- lo  was ob ta ined f rom thcD ie ls-Ald.r  . . " . i ion of  2-chroro v i  nvr acetate wi th cycr o-pentad iene,  and ind iv idua l  components  o f  the  mix tu re
were separated.by preparat i 'e grpc.  Structures courd
be assigned with conf idence to compounds . ' -g on
the  bas is  o f  the i r  nmr-spec t ra  (Tab le  I I I ) ,  us ing  cor_
relat ions between conf ig.rat ion and spectral  param-
eters that  h"Ig been cleveroped tor subst i tuted nor-
bornenes.3s  These cor re ra t ions  a lso  conf i rm the  s t ruc-
tu re  ass igned to  5  by  anarogy  w i th  the  work  o f  panc tc
and w ins te in .  s {  The conrpouncr  p resumed to  be  10
was ne 'e r  ob ta ined in  su lhc ienr  quant i t y  fo r  de ta i lec i
nmr  in 'es t iga t ion .  I t  i s  be l ie red  to  be  a  2 -ch lo ro_ , r -
ace toxvnorborn-5-ene f rom thc  s in r i lu r i t y  o f  i t s  i r  and
mass spr 'ctrum to thosc of  7-g,  and is assigned thc
cis 'exo conf igurat ion by defaurt .  s ince the thiee orrrcr
poss ib le  conf igura t ions  ure  ass isnec l  to  7_9.

In br ief ,  assignments of  co-ntrgurat ion for  7-9 arc
based on  in te rpre ta t ion  o f  thc  J " t "  in  Tab le  I I I  in
l igh t  o i  four  genera l i za t ions  der i 'ed  f rom pr io r  s tud ics
o t '  the  nmr  spec t ra  o f  s 'bs t i tu ted  norbornenes:  f i r s t .
a l l  o ther  fac to rs .  be ing  equar .  a  Cf foAc pro ton  is
normal l , " -  less  sh ie lded than an  ana logous Cf fC l  p ro ton :
second.  in  the  absence o f  ma j . r  per tu rba t ions  f ronr
adjacent subst i tuents,  ent lo prorons at  the 2 anci  - l
pos i t ions  o f  the  norborn-5-ene nng sys tem are  morc
shielded than exo protons: th i rd .  ent lo-c is and exo-c.r . r
con f igura t ions  in  2 .J -d isubs t i ru rec l  norbornenes i r rc
eas i l y  d is t ingu ishab le  f ronr  t rc tns  conf igura t ions  on  thc
bas is  o f  the  magn i tude o f  the  ' i c ina l  c ip l ing  cons tanr .
w i th  representa t ive  ranges  fo r  coup i ing  co ls tan ts  in
t h e s e  c o n f i g u r a t i o n s  b e i n g  J r , , r ,  = . 1 - l O  H z ,  J 2 , , 3 , 2
4-7  Hz.  and J r " , rn  -  2 -4  Hz:  and four th , ' coup l ing
between a br idgehead proton ancl  i ts  v ic inal  exo proton
is s igni f icant (Jr ,2t  N 2.5-.+.5 Hz) whi le the correipond-
ing  coup l ing  to  the  v ic ina l  enc lo  p ro ton  is  smal l ,  and
coup l ing  be tween an  endo pro ton  a t  the  2  o r  3  oos i t ion
and the anti-7 proton. is significant (-/:, t - 2_4 Hz).
Thus. the subst i tuents in 5 ancr 9 are ident i f ied as ei ther
endo-cis or exo-cis and those of 7 and g as tatrs.
by  the  magn i tudes  o f  / , , ,  in  each compound.  The
endo-cis assignment for  9 is based on th.  moderate
values observed for . / r ,x and . / , , . r ,  whi le the exo-cls con-
f igurat ion of  5 is conf i rmed both by the low values
of  the  cor respond ing  v ic ina l  coup l ings  and by  the
moderate magnitude of  Jro,z.  The e.ro-chlor o-enclo-

(3 '1)  K.  c '  Pande a1d s.  winstein,  Terrahedron Lert . ,3393 (1964).
(35 )  P .  Lasz lo  and  P .  v .  R .  Sch lcye r , J . . lmer .  Chem. .Soc . ,  C6 ,  t tZ t(196 .1 ) ;  P .  iV I .  Subraman ian ,  N I .  T .  Emerson , . rnd  N .  A .  LeBe l ,  J .  Org .

C ,hem. ,30 , :62 .1 (1965) i  
{ .C .Dav ies .  J r . ,  anc t  T .  V -Van  Auken ,  

' J .  
Amer .

llern. Soc., E7, 3900 0965); J. Meinrvald and y. C. tvleinwald,, ibid.,
E5 ,  15 l - t  (1961) ;  B .  F ranzus ,  e r  a t . ,  i b id . ,  g0 ,3721  (1968) ;  A .  p .  l v la r -
chand  and  J .  E .  Rose ,  i b i ( t . , 90 .3 ' t21  ( tSCS) i  C .  L .  Osborn ,  i -V .  Vun
Auken .  and  D .  J .  T recker .  i bk t . ,  90 ,5906  r l 96g ) ;  N .  Kamezawa,  K .
Sakashira,  and I ( .  Hayamizu,  Org.  r l lag.  Resonut ice,  f .  +OS t tgegl .

t970

&
7, R' - Cl: R, - OAc;
8.  R,  -Cl :  R, :  OAc;
9, R., - CI; R, : OAc;

10 ,  R ,  -C I :  R r :  OAc :

R,
p̂

r l

R ,  - R ,  -  H

R , - R n - H

R , : R , - H

& : R , : H

n &
l l . R r  - H ;  & = O A c
12. Rr - OAc; R- - H

I
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III. Descriptions of Nmr.Spectra for 2-Chloro-3-acetoxynorborn-S-enes and 3-Chloio-5-acetoxynortricyclenes"

Rr : .v-HgBr. .r-Cl
.r-OAc rr-OAc

n-Cl
x-OAc

rr-Cl
rr-OAc

H .  H ,
\'" r-r

4.,2" '  H.
u-s l^>7t '

Aa-hf-<-R
/ H \

l t  " '  ' r r
r . i  . r l

R : .r-HgBr .r-Cl
.t-OAc rr-OAc

x-Cl
.r-OAc

I  l b  3 . 0 6  m
+ l  3 . 2 6  m
2n  2 .78  d ,  d
2.r
i r r  .1 .  98 d
J-r
5 1

\  6 . 1 0
6 l
7 i

"  l . / ) D r . s
7 t  

'

cFl rCO:  t .08 s
' , / r  , :u ( () .  5'

J : n , , t , r : 7 . ( )

J t u , ,  :  1  , 3
/ ' . , r  (  0 . 5 '

- / r , , . ;  (  ( ) .  5 ,

2 . 9 7  b r
l .  1 3  b r
3 . 4 2  t

5 . 1 5  d .  d

6 . 1 6  m

1 . 9 4  m

1 . 9 4 s
/ : n , 1 ,  -  I  . 8
/ , " , r  I  I  . 8
/ l r , r  :  J  . 6

2 . 8 3  b r
2 .98  b r ,  m

.1 .02  d .  d
-1 .47 br ,  s

6 . 5  m

r . t t m

2 . 0 0  s
J t t ' : 3 ' 1
, / r r , l o  :  1 . 8

J  t  n , i l

3 . 0 7  b r
3 . 0 7  b r

4.4-l  cl ,  d

5 . 2 0  d .  d

6 . 2 ?  m

1 . 5 3  m

1 . 9 7  s
J r . t  :  3  . 6
Jv , t "  :  7  . 6
J : t r , t  :  3 . 6

1 . 2 - 2 . 0 0  m

4 . 6 0  m

l . l - 2 . 0 0  m

1 .0 - l  s

l )
? \

6 )

3n
4d
5n

5x
' 1 .

) o

l r l

CH.,CO:

1 2 . 6 6  s  I
1 2 . - 1 0  m 1

- 1 . 5  m  1 . 5 2 s

4 . 3 4  t  3 . 8 4  t
2 . l 0  m  2 . 1 8  m
1 . 6 7  t

4 . 5 2  t

- 1 . 5 m  - 1 . 9 m

1 . 9 7 s  1 . 9 3 s

"Spcc l ra  o f  7 - l lwc re lakena l  6 ( )  l \ tHz  us ing  samp les  , -  I  : . 1  v / v  i r r  CC l . ;  5and6 l ve re takena !60v lHzus inBsxmp les l : 4 i nCDCI , .
Chcnricl t l  shi l i l  {6) Arc in paris pcr mil l ion dorvnl ield lrom intemalTMS; couplingconsr:rnrs (J) are in hcnz. Coupling consranr assrgnmen rs
\!€re conhrmcll  b) dccouplins. Notirt lon: . \  :  c\o. n - er(/o, br :  broad. s = slnglet. !  = tr iplet.  d.d = doubtet of doublels, m - mul-
l l l ) l ( t . ' l l nd t ! l duu l chemrcu l - sh i f t l s s i gnmcn(swc reno tmade tog roupso fp ro rons ind i ca t c r l byb r : r ckc (s . .B roads ing le ! , appeaa ingas r
pl lr l rul! !  rcsol!€d lexiel u! cxpanded swcep wrdths. r Assigncd on thc assumprion !h!t  Hr wil l  be shiclded by i ls proximily to lhe cyclopro-
prrtrc.rrrg; . / .  D.J. I '3let.  \1. E. H. Horvdcn, lndJ. D. Robens../-  .- lmcr. Chcn. S.r. . .  E5.3218 (1961): R. R. Sauers and P. E. Sonnc!.
Chen .  l * 1 . (Lu r ton t . 7s6 (196 i ) . 'Nocoup l i ngobse rved ;ava lueo fJ<0 .5H2 lvou ldno !havebeendc rcc red .  /  Coup l i ng  was  de tec ted  b )
douLrlc irredi iroo . bur no dei inirc valuc could be assisncd.

aceto \v  conf igurur r ion  o f  7  was d is t ingu ished f rom thc
end( ) -ch lo ro-c . ro -accroxv  cont igura t ion  o f  8  by  ident i -
f i ca t ion  o f  the  rcsonances  in  each con lpound due to
thc  CHCI  pro tons ,  us ing  chenr ica l -sh i i t  a rguments ,  and
ass ignntcn t  o f  the  s te rcochern is t ry  o f  these C-H bonds
b y  c x a m i n a t i o n  o i t h e  m a g n i t u d e  o f . / r . : .

The cornpounds ass igned the  l -ch lo ro-s -ace toxynor -
t r i cvc lene s t ruc tu res  1 l  and 12  were  prepared by  re -
ac t ion  o f  ch lo r ine  w i th  norbornad iene in  g lac ia l  acer ic
ac id  sa tura ted  w i th  sod ium aceta te  and iso la ted  

'by

g lpc  t iom the  resu l t ing  mix rure  o f  p roducrs .  The ab-
sence of  o lef in ic resonances and presence of  CffCl
and CHOAc resonances  in  the  nmr  spec t ra  o f  these
compounds (Tab lc  I I I ) ,  and the  presence o f  s t rong
bands in  the  reg ion  800-810 cm- t  in  the i r  i r  spec t ra ,36
taken together wi th their  other physical  character ist ics
and the i r  rne thod o f  p repara t ion  17  leav 'e  no  doubt
tha t  these contpounds are  in  fac t  i -ch lo ro-5-acetoxynor -
t r io 'c lenes .  a l though conv inc ing  ass ignments  o f  the
conf igL l ra t ion  o f  the  subs t i tuents  cannot  be  made on
the  bas is  o f  the  coup l ing  cons tanr  o r  chemica l -sh i f t
da ta  repor ted  in  Tab le  I I I .  I t  has .  however ,  p roved
poss ib le  to  ass ign  conf igura t ions  to  these compounds
bv  examin ing  the  re la t i ve  chemica l  sh i f t s  induced in
the  CHCI  pro tons  o f  11  and 12  on  add i t ion  o f  t r i s -
(d ip i ra lov l rne th ido)d i (pyr id inaro)europ ium( l I I )  (Eu-
(DPl l ) ' ;P l ' ' ) ,  us ing  the  e leganr  techn ique dev ised by
Hinck lc 'v . ' r '  In  th is  approach to  conf igura t iona l  as-

(16) I r  v ibrat ions in thrs region are character is t ic  of  nort r icyclene
struclures ID.  J.  Treckc' r  and J.  P.  Henry,  J. .4mer,  Chem, Soc. ,85,3204
(  re63 )1 .

(17) Addi t ion of  bromine to norbornadienc gives,  rnrer  a l ia,  e.ro-3-
brorrro-e.ro-5-bromo- and exo-J -b r  omo-endo-5-bromonortr icyclcne :  S.
\ \ ' i ns re  i n ,  i b t l . .  EJ ,  l 5  l b  (  l 96 l  ) .

s i g n m e n t .  i l d d i t i o n  o f  a  s o l u t i o n  o f  E u ( D P M ) ' P y ,  t o  a
so lu t ion  conta in ing  the  ace ta tes  1 l  and 12  resu l ts  in
the  es tab l i shnrent  o f  equ i l ib r ia  invo lv ing  complexes  o i
the  fo rm Eu(DPM),Py-1 I  and Eu(DPM),Py-12 bv
rep lacement  o f  pyr id ine  in  the  coord ina t ion  she l l  o i
the  meta l  w i th  oxygen a toms o f  the  ace ta te  moie t ies .
The contac t  sh i f t s  observed fo r  the  pro tons  o f  t l i e
rap id ly  exchang ing  mix tu re  o f  f ree  and complexed 1 l
and 12  are  assumed to  decrease roug i r l y  as  l /R3,  where  R
is  the  averase d is tance be t rveen the  pro ton  under
cons idera t ion  and the  europ ium a tom in  the  coord ina ted
form.  Thus ,  fo r  equa l  complex  fo rmat ion  cons tan ts ,
ihe CHCI proton of  exo-2-chloro-endo-S-acetoxynor-
t r icyclene should show a greater contact  shi f t  than
that of  exoJ-chloro-e.ro-5-acetoxynortr icyclene, s ince
the  mean CHCl -europ ium d is tance shou ld  be  smal le r
in  the  fo rmer  subs tance.

Examinat ion  o f  the  spec t ra  o f  mix tu res  o f  11 ,  12 .
and Eu(DPM)rPy:  in  carbon te t rach lo r ide  demon-
strates that  the shi f ts of  the CHOAc and CI{CI protons
of  l1  and 12  mov 'e  smooth ly  downf ie ld  on  sequent ia l
add i t ion  o f  the  paramagnet ic  complex  (F igure  l ) .  Thc
sh i f ts  in  the  CFIOAc pro tons  o f  11  and 12  are  equa l .
suggest ing that the format ion constants for  complexes
of  these compounds w i th  the  meta l  a tom are  in  fac t
the  same.  Taken together  rv i th  th is  observa t ion ,  the
further observat ion that the chemical  shi f t  of  the CHCI
pro ton  o f  11  inc reases  ca .  th ree  t imes as  rap id ly  as
tha t  o f  12  on  inc reas ing  the  concent ra t ion  o f  Eu-
(DPlvl)rPy: is sul ic ient  to assign the exo-chloro'enclct '

(38 )  C .  C .  H inck ley ,J .  Org .  Chern . ,35 ,  1834  (1970) ;  1 .  Amer .  Chenr '
Soc . ,9 l ,5 l60  (1969) .  We thank  Pro t t sso r  H inck ley  fo r  unpub l i she t t
c leta i ls  concerning both the preparat ion of  Eu(DPM)rPyr and i ts  appl t -
cat ion in the problem ar hand.

lVhitesitles, Sun Filippg f Reducrion ol'Alk1'lrnercuric Halides
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Scheme I. Reductions of Alkil Halides
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acetoKynortr icyclene structure to 11, and the exo-
chloro-e.ro-acetoxy conf igurat ion to L2. These con-
f igurat ional  assignments are convincingly conf i rmed by
the product distr ibut ions observed on reduct ion of  1 l
and 12 with tri-rr-butylt in hydride (uide infra).
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Figure l .  Nmr spectrum (100 MHz. CCl4) of a mixture of exo-
3-chloro-endo-5-acetoxy- and e.ro-3-chloro-er-o-5-acetoxynortri-
cyclene ( l l  and 12) (upper); the spectrum of the same mixture di-
luted to -3 t imes i ts onginal volume with an -0.2 lvI solut ion of
Eu(DPivl)rPy: in CCll ( lower). The magnitudes of the observed
downfield shif ts on addit ion of the europium salt are: Hr, 0.442;
H: ,  0 . .1 .12;  Hr ,  0 .143;  Hr ,  0 .052 ppm.

Treatment  o f  7 ,  9 ,  and 11 wi th  t r i -n-buty l t in  hydr ide
in  pentane under  rad ica l  condi t ions produced s imi lar ,
but  not  ident ica l .  mix tures o f  3-acetoxvnor t r icvc lene

,?.  17

(L3),  endo-2-acetoxynorborn-S-cne (14).  and s.un-7-acc-
toxynorborn-5-ene (15) ;  reduc t ions  o f  8  and 12  under
s imi la r  cond i t ions  y ie lded mix tu res  o f  3 -ace toxynor -
t r icyciene, ant i -7-acetoxynorborn-5-ene (16),  and exol-
ace toxynorborn-5-ene (17)  (Scheme I  and Tab le  IV ; . " ' '
No crossover between these two systems of  products
was detected. Control  exper iments establ ished that
the start ing chlor ides did not isomerize under the re-
ac t ion  cond i t ions .

The observat ion of  3-acetoxynortr icyclene and l -
acetoxynorborn-5-ene in these react ions is expected:
the ?-norborn-5-enyl  and 3-nortr icycly l  radicals havc
been suggested to be discrete,  rapidly equi l ibrat ing
ent i t ies in a var iety of  systems,2s'3e and occurrencc
of products 13, L4, and 17 is easi ly rat ional ized on
the basis of  an un'except ional  mechanist ic scheme in-
volv ing equi i ibrat ing pairs of  radicals l8 = 19 and
21 = 22 (Scheme I) .  The detect ion of  the 7-acetoxy'-
norborn-5-enes 15 and'17 as products of  these reduc-
t ions was not ant ic ipated since the radical  rearrange-
ments 19 = 20 and 22 = 23 (Scheme I)  impl ied by thesc
products have no direct  precedent.  However,  Davies{"
and others{r  have observed 7-subst i tuted products in

(38a) Nore Aooeo tu Pnoor.  Dr.  R.  Jackson (The Queens Univer-
s i ty  of  Bcl fast)  has informed us that  indcpendent examinat ions of  srs-
tems  c lose ly  re la ted  to  those  desc r ibcd  in  Tab le  IV  have  y ie lded  rc -
sul ts in sat is factory agreemcnt wi th the data reported here.

(39) C.  R.  Warner,  R.  J.  Strunk,  and H. G. Kuiv i la,  J .  Org.  Cirent . .
31 ,3381  (1966) ;  S .  J .  C r i s to l  and  R .  V .  Barbour ,  J .  Amer .Chem.  Soc . ,
90 ,  2332  (1968) ;  S .  J .  C r i s to l  and  R .  W.  G leason ,  J ,  Org .  Chem. ,31 ,
1762 0969).

(40) J.  A.  Claisse,  D. I .  Davies,  and C. I ( .  Alden,  J.  Chem. Soc.  C,  1498
(1966) ;  C .  K .  A lden ,  J .  A .  C la i sse ,  and  D .  I .  Dav ies ,  i b id . , l 540  (1966 t ;
D.  I .  Davies and P.  J.  Rowley,  ib id. ,2215,1219 (1967).

(41 )  E .  N .  P r i l ezhaeva ,  e t  a l . ,Zh .  Obshch .  Kh im. ,35 ,39  (1965) ;  V .  F .

H3 OAc H4 H2
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Table IV.  Relat ive Yields
Acct : r tcs l ' rom Rcduct lons

of Norbornenyl and Nortricyclyl

Product. rel yield. %-
13 14 15 16 17

6617

from both 5 and 6 are very s imi lar ,  and appear to be
independent  o f  the  reduc ing  agent .  The s imi la r i t y  o f
these produc t  d is t r ibu t ions  to  those observed on  re -
duc t ion  o f  8  and l2  p rov ides  conf i rm ing  ev idence tha t
free alkyl  radicals are intermediates in the reduct ion
o[  these organomercury  compounds by  meta l  hydr ides .
Thus ,  8 ,  12 .  5 ,  and 6  a l l  appear  to  genera te  a  common
set o[  radicals,  2L-23, on reduct ion.

The or ig in of  the srrral l  but  s igni f icant di f ferenccs
between the relat ive y ie lds of  product acetates 13.
16 ,  and 17  f rom the  a lky l  ch lo r idcs  and the  a lky lmer -
cur ic  b romides  is  no t  en t i re iy  ev ident .  The hydrogen
donor  in  reduc t ions  o f  8  and l2  i s  cer ta in ly  t r i - r r -bu ty l t in
hydr ide.  The hydrogen donor to radicals 2l-23 in
reduct ions of  the mercur ia ls has not been ident i f ied
wi th  cer ta in ty ,  bu t  migh t  be  e i ther  an  a lky lmercur ic
hydr ide,  n"rcrcurous hydr ide.  or some other species
(t ' ic le infru):  however,  at  least  in the reduct ions involv ing
sod ium borodeuter ide  and copper  hydr ide .  th is  hy-
drogen donor  i s  cer ta in ly  no t  t r i - r r 'bu ty l t in  hydr ide .
Thus ,  the  d i f le rences  in  thc  p roduc t  d is t r ibu t ions  ob-
s e r v e d  o n  r e d u c t i o n  o f  8  a n d  1 2 .  a n d  o f  5  a n d  6 ,  c a n
be ra t iona l i zed  by  a  schetne  in  wh ich  the  ra te  o f  in te r -
convers ion  o f  the  in te rmed ia te  rad ica ls  21  - -  23  is  conr -
parab le  to  o r  fas te r  than the  r i i te  t t  wh ich  they  abs t rac t
hydrogen f ronr  the  hydrogen donor  p resent  in  the
sys tem.  and in  wh ich  the  re l r t t i ve  re lc t i v i t ies  o l  these
rad ica ls  d i f fe r  toward  t r i - ru -bu t1 ' l t in  hy 'd r ide  and t i re
hy 'd rogen donor  p rescnt  in  thc  a lk l ' l n rc rcur ic  ha l ide
red  uc t io  ns .

Reduct ions of  Norborn-r ' lmercur ic Bromides in thc
Presence of  Di-r-but1 ' l  Ni t roxide. , { l though the prod-
ucts observed on red uct ion of  thc alkylmercury( t  I  t
ha l i c les  examined in  th is  work  ind ica te  tha t  a lky l  rad i -
ca ls  a re  in te rmed ia tes  in  thesc  reac t ions  and tha t  thesc
rad ica ls  have l i te t imcs  s r r fhc ien t  to  permi t  rap id  rear -
rangements  (e .g . .  2 l  =  22  =  l3 ) .  bu t  no t  s low rear range-
n lcn t .s  (c .g . ,  neophy l  rad ica l  -  benz ,v ld imethy lcarb iny l
rad ica i ) .  they  do  no t  c lear ly  de l lne  thc  ex ten t  to  wh ich
thc  genera t ion  and subsequent  re lc t ion  o f  the  in te r -
med ia te  rad ica ls  a re  conf incd  to  i - t  so lvent  cage and

the  eKtent  to  wh ich  thesc  rad ica ls  become " f ree"  in

so lu t ion .  In  an  e f ro r t  to  reso lve  th is  ques t ion ,  wc

have examined the  reduc t ion  o f  e ' ro -  and endo 'nor -
borny l -2 -mercur ic  b ronr ide  (3  and 4)  w i th  sod iunr
borohydr idc in the presence ol  the ef f ic ient  radical
scavenger  d i - r -bu ty l  n i t rox ide  (DTBNO)o ' (40 f  by  vo l -

unre) .  Both  mercury  reagents  y ie lded l0 -20% of  O- : -
norbornv l -N.N-d i - l -bu ty lhydroxy la r .n ine  (24) .  The re -

mainder  o f  the  norborny l  n ro ie t ies  ' , l i d  t to t  appear  as

norbornane or  norbornene:  the i r  fa te  i s  p resent ly  un-

knorvn .  A l though assoc ia t ion  o [  DTBNO wi th  3  and ' [

be fore  reduc t ion  cannot  be  r igorous ly  exc luded as  a

s t e p  i n  t h i s  r e a c t i o n . { 6  t h e  u r  a n d  v ' i s i b l e  s p e c t r a  o f  l : l

anhydrous  TH F tcd  to  a  >95 T  V ie ld  o f  norbornad iene.  S imi l i l r

e l im inr t ions  have beer r  obscrved in  o ther  sys tc rns .  ru

1 .15)  S tc r ica l t . ' -  h indere< i  n i t roxy l  g roups  are  s tab le  toward  hydr id ic

r e i u c i n g  i l g c n r s ;  c f .  A .  R .  F o r r e s t e r ,  J .  ) I .  H a y ,  a n d  R .  H .  T h o m s o r r .

"Org . rn ic  Chern is t ry  o f  S tab lc  Frcc  Rrd ica ls , "  Academic  Press ,  Ne. ' r

Y o r [ .  N .  Y . ,  1 9 6 8 ,  p  2 1 8 :  D .  J .  h o s m a n  u n d  L .  H .  P i e t t c ,  C h e " t .

C o n n t u n . , 9 6 2  ( 1 9 6 c ) ) ;  A '  I ( .  H o t i j r . r n ,  A '  \ 1 .  F e l d m a n ,  E .  G e l b l u m .

a n d  \ ! ' .  G .  H o d g s o n ,  J .  ' 4 m e r .  C h e n r . S o c . ,  8 6 ,  6 i 9  ( 1 9 6 4 ) '

t 4 6 )  D T B N O  h a s  b e e n  s h o r v n  t o  t ' o r m  c o m p l e x c s  r v i t h  A l C l r , { 7  B F ; , ' ;
p d ( I I ) ,  , o  C o ( I I ) ,  { e  C u ( l I ) , i 0  a n d  p r o r o n s . s t

( -17)  B .  l v [ .  HotTman and T .  B .  Earncs ,  J ' .1 rner .  Chem.  Soc . '  91 ,517{ )

(  1 9 6 9 ) .'  
( - l U )  \ \ ' .  B c c k ,  K .  S c h m i c i t n e r ,  a n d  H .  J '  I ( c l l c r ,  C h e m . B e r . ,  1 0 0 , 5 0 3

(  r967) .
(-19) w. Bcck and K. Schmidtner, ibir l . ,  100, 1163 (1967).

lV'ltitesides, Scrr Filippo,' Reelucrion o/' .-llLt'Inrcrcuric Halidas

Sub-
stra te

no .
Rcduc ing

agen t

BurSnH ' ' 63
67

' 5 5

79
1 l
I +

( r2  (73)"
65
65 ( 100)"
70
6 l
66
66
64

N a B D t ' , d
HCt tPBu , r /
Bu , rSnDa 'o
Bu . 'SnDd 'A
NaL lD , ' '  a

HCuPBur /
BurSn  Da 'o
B u ' S n D d , ^

(100),

(100)"

' ,  Pen tane  so lu t i on .  A IBN.  lw ,  25 ' .  The  rep roduc ib i l i t y  o f  t hese
rrumbers is  estrmated to be !57 (re lat ive) .  b None observed;
l i m i t  o i  d e t e c t i o n  0 . l l ; .  ' 3 : l  T H F - H : O  s o l u t i o n ,  2 5 o .  r T h e

lrroduct  balancc in these exper iments was >gl 'n,  based on 5 or  6,
Thc s lme f  ic lds ( - f  l " ; )  rvere obtained rvhen the corresponding
rnctel  / r . r ' r i r i r l rs  rvere used as reducing agents.  "  Numbers in paren-
thescs re l 'cr  to the l rer  ccnt  deuter ium incorporat ion into the indi-
catcd product .  lnc i lsured mess spectroscopical ly .  /  Et , rO solr , r t ion.
Thc  "HCuPBur "  uscd  con ta ined  -0 .25  equ iv  o f  py r id ine  pe r
eclu ivalent  o l '  copper;  sce re l '  l -1.  The product  balance in thcse
e \ l renments  w i . l s  -15 -50 ' ' ; ,  based  on  5  o r  6 .  a  No  so lven t .
/ ' T H F  s o l u t r o n .

f re  c - r ld ice l  edd i t ions  to  po lych lo r ina tcd  norborna-
d i e n e .  a n d  n o r b o r n - l - e n - 7 - y l t r i m e t h y l t i n  h a s  b e e n  m c n -
t ioned as  a  p roduc t  o f  add i t ion  o f  t r in re thy l t in  hydr ide
t o  n o r b o r n l d i c n e .  r  r  T h u s .  i n v ' o l v c m e  n t  o f  t h e  7 - s u b -
s r i tu ted  norborneny l  rad ice ls  20  and 23  in  thc  reduc-
t io r rs  s t t rd ied  hcre  pror idcs  a  reasonab le  and p laus ib le
n ic rhod o f  ra t iona l i z ing  the  produc t  d is t r ibu t ions  ob-
scr red  in  these reac t ions . {3  For tunate ly ,  inc lus ion  o f
rad ica ls  20  and 23  and produc ts  15  and 17  in  these
rc i . t c t ions .  a l though unexpected .  i s  he lp fu l ,  in  tha t  the
resu l t ing  reac t ion  schernc  prov ides  a  more  de ta i led
" f ingc- rp r in t "  aga ins t  wh ich  to  mcasure  the  reduc t ion
o i  t h e  o r g a n o n r e r c u r v  c o m p o u n d s  5  a n d  6 .

The in te rna l  cons is tencv  o f  Scheme I  p rov ides  the
most  compel l ing  er idence fo r  the  cor rec tness  o f  the
s tn lc tu re  s  ass igned to  the  nor t r i cyc lenes  11  and 12 .  The
prcsent  ass ignments  [ead na tura l l y  to  the  obser l 'ed
produc ts  by  a  reasonab le  n lechan is t i c  scheme;  reversa l
o f  ths 'se  ass ignments  wou ld  requ i re  the  pos tu la t ion
of sc-r 'eral  phy's icat l ;*  unreasonable steps to reconci le
produc ts  w i th  s ta r t ins  mater ia ls .

The rnechan ism out l ined  in  Scheme I ,  together  w i th
the  quant i ta t i ve  da ta  sumnrar ized  in  Tab le  IV ,  p rov ides  a
c leur  ind ica t ion  o t '  the  behav, io r  to  be  expec ted  fo r
r ld ica ls  18-23  under  rexc t ion  cond i t ions  resembl ing
thosc '  encountered  in  the  t r i - i r -bu ty l t in  hydr ide  reduc-
t ions  o f  t i rese  a lkv l  h i r l ides .  For  compar ison,  Tab le
IV  l l so  conta ins  thc  rc la t i ve  y ie lds  o f  p roduc ts  13-17
obsc ' rvcd  on  reduc t ions  o f  c is -exo-2-acetoxynorborn-5-
ene- l - r r te rcur ic  b ronr ide  (5 )  and exo.exo-3-acetoxynor -
t r i c l ' c l y ' l -5 -mercur ic  b ron ' r idc  (6 )  w i th  sod ium boro-
der r t . ' r idc .  dcu ter io (  t r i - r r -bu ty lphosph ine)copper ( l ) ,  and
t r i - i r -bu tv l t in  deutc ' r ide . { {  The produc t  d is t r ibu t ions

By'strov,  et  a l . ,  I :c .  Akad.. \ 'auk S.SSR, Ser.  Khim.,  381 (1966);  Chen.
Abstr . ,  44,  I576l f  (  1966).

( -11) Rett rencc J la,  footnote 32.
(-13) Simi lar  conclusions have been reached by Grey and Jackson.33
(- t - l )  Rcduct ions of  t t resc compounds using sodium borohydr idc in

b
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2 l
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of the relat ive y ie lds of  products obtained on reduct i t rn
of  5 and 6.  wi th the same rat ios der ived from reduct ion
of  the  ana logous a lky l  ch lo r ides  us ing  t r i - r r -bu ty ' i t in
hydr ide  or  deuter ide  under  au thent ic  f ree- rad ica l  cond i -
t ions .  es tab l i sh  tha t  the  in te rmed ia tes  in  the  reduc t i re
demercurat ion have the propert ies expected for f rec
rad ica ls .  Moreo le r ,  the  na ture  o f  the  produc ts  t rb -
ta ined on  reduc t ion  o f  3 .  4 .  5 ,  and 6  exc ludes  reac t io t t
mechan isms requ i r ing  concer ted  carbon-hydrogen bond
format ion  and carbon-merc t l r ] '  b t lnd  c leavage,  s ince
thesc-  n rechan isms wou ld  no t  per l l l i t  the  organ ic  mo ie t i c t
su l i rc ien t  l ' reedom for  the  loss  o f  s re reochemis t r l ' t r r
struc tu ra I  rea rra n gemen t  actulr  I  l ; '  o bser l 'ed.

A l though t ' ree  rad ica ls  a rc  t i rus  c lear ly  es tab l i shed
es in te rmed ia tes  in  the  hy ' 'd r ide  reduc t ions  o f  thcsc
org i inomercur ic  ha l ides ,  t i r r ther  de ta i l s  o f  the i r  gencr l r -
t ion  and u l t i rna te  convers ion  to  hy"drocarbon ren ' l i , t l t l
unc leur .  The invar iance t l f  the  produc t  d is t r ibu t ions
to  c l ras t i c  changes in  the  n l l tu rc  o f  the  meta l  hydr ides
used as  the  reduc ing  agents  susges ts  tha t  these hydr idcs
are  no t  themse lves  the  spec ies  tha t  donate  a  hydrogen
atom to  the  in te rn ' red ia te  a lky l  rad ica ls .  Th is  suppos i -
t ion  is  suppor ted  by  two add i t iona I  observa t ions .  F i rs t .

the  smal l  bu t  rea l  d i f fe rences  in  p roduc t  d is t r ibu t ions
observed in  the  reduc t ive  demercura t ion  and dech lo r in ; . t -
t i o r r  r e a c t i o n s  i m p l y  t h a t  t h c  p a r t i t i o n i n g  o f  t h e  i n t c r -

mediate alkyl  raci icals between products is in l - i le t

respons ive  to  the  na ture  o f  the  h- " "d rogen donor .  an t i

thar  th is  sens i t i v i t y  shou ld  in  consequence be  re f lec tc t l
in  s im i la r  changes in  p roduc t  d is t r ibu t ions  in  the  de-
mercura t ion  reac t ion  on  chang ing  meta l  hydr ide .  i t '

the metal  hydr ide were in fact  involved in direct  rc-

ac t ion  w i th  the  in te rmed ia te  rad ica ls .  Second,  ne i ther
borohydr ide  ion  nor  d ie thy la luminum hydr ide  is  no ted
[or  i t s  ab i l i t y  to  reac t  w i th  a lky l  rad ica ls  by  hydrogen
atom transler.

ln l ight  of  these arguments.  an alkylmercur ic hy ' -

dr ic le or mercurous hydr ide generated in s i l r r  dur ing
the react ion would seem the mosc at t ract ive prospccts
for the species responsible for  hydrogen atom transt 'e r

to the intermediate alkyl  radical .  I i  the f i rst  ste ' , r

in  the  reac t ion  is  assumed to  be  convers ion  o [  the

s tar t ing  a lk . ' - imercur ic  b romide to  an  a lky lmercur ic  h1-

dr ide  by  reac t ion  w i th  meta l  hydr ide  (eq  1) , t {  a t  leas t

two funciamental ly di f ferent t .v-pes of  mechanist ic
schemes can be  env is ioned fo r  the  subsequent  con-

vers ion  o f  th is  in te rmed ia te  to  p roduc t .  In  one,  homo-

lyt ic c leavage of  the carbon-mercury bond would lead

to an alkyl  radical  and mercury( l )  hydr ide,  fo l lowerl

( 5 4 )  S i m i l a r  d i s p l a c c m c n t s  o r e  r v c l l  k n o r v n :  c f .  A .  P '  G i n s b e r : '

T ra , ,s i i t ion  , l le ra !  Chem. .  l ,  I  I  I  (  1965) ;  \1 .  L .  H .  Green and D '  J '  Jone : '

A r lcan .  Inorg .  C l rcm.  Rud iochem. ,7 ,  l l5  (  1965) .

Tt{F, t{.o
DTBNO,
-)0/"

HgBr

4

so lu t ions  o f  4  and DTBNO at  concent ra t ion  o f  ca .
0 .1  M in  THF are  the  superpos i t ion  o f  the  spec t ra
o f  the  ind iv idua l  components ,  and g ive  no  obv ' ious
i n d i c a t i o n  o f  a s s o c i a t i o n .

The s te reochemis t ry  o f  the  coup l ing  produc t  24  iso-
la ted  f rom reduc t ion  o f  bo th  3  and ' l  was  tss igned
as exo on the basis of  comparison of  spectral  char-
acter ist ics wi th 24 prepared by react ion oi  DTBNO
wi th  norborny lmagnes ium bromide. ; : ' ;3  The s te reo-
chemis t ry  o f  the  subs tance prepared by  the  la t te r  rou te
was ass igned by  reduc t ion  to  exo-norbornan-2-o l  us ing
sod ium in  hexanre thy lphosphoramide.

The observa t ion  o f  24  on  reduc t ion  o f  e i ther  3  o r  4
in  the  presence o f  DTBNO is  cons is ten t  w i th  the  hy-
po thes is  o f  in te rmed ia te  2 -norborny l  f ree  rad ica ls ,  w i th
the  prov iso  tha t  the  coup l ing  o f  these rad ica ls  w i th
DTBNO must take pl i ice f rom the less ster ical ly hin-
dered e.ro s ide.  However,  both the relat ively low yield
observed lo r  24  and our  p resent  inab i l i t y  to  account
fo r  the  remainder  o f  the  norborny l  g roups  present
as 3 or 4 at  thc start  of  the react ion make detai led
discussion of  these exper iments in terms of  radical
intermediates d i fhcul t .

Discussion

Three l ines  o f  ev idence es tab l i sh  tha t  reduc t ive  de-
mercura t ion  o f  the  a lky lmercur ic  b romides  examined
here  invo lve  in te rmed ia te  f ree  a lky l  rad ica ls ,  and con-
f i rm the basic mechanism for these reduct ions proposed
by Pastor r  and Grey  and Jackson.s r  F i rs t ,  the  absence
of detectable rearrangement dur ing reduct ion of  neo-
phyl-  and bornylmercur ic bromide excludes interme-
d ia te  carbon ium ions  in  these reac t ions .  Second,  the
relat ively high deuter ium incorporat ion into products
(78-85 %) observed on reduct ion of  neophylmercur ic
bromide. endo- and exo-norbornyl-2-mercur ic bromide,
a nd cis-exo-2-acetoxynorborn-5-ene- i -mercur ic bromide
using sodium borodeuter ide in THF-water solut ion
argues strongly against  the extensive involvement of
carbanionic intermediates under these and presumably
a lso  under  apro t ic  reac t ion  cond i t ions .  F ina l l y ,  com-
par isons of  the r i l t ios of  exo- to endo-norbornane-r l r
obtained on reduct ion of  3 and 4,  and of  the rat ios

(50) L.  A.  Kr in i tskaya and S.  N.  Dobryakov,  Bul l .  Acad. Sci .  U, .SSR,
3 ,  5 5 8  ( 1 9 6 6 ) .

(51 )  B .  !1 .  Ho t lman  and  T .  B .  Eames ,  J . .4ner .  Chem.  Soc . ,91 ,2169
(  1 9 6 9 ) .

(52) Related rcact ions of  stablc ary loxy radicals rv i th Gr ignard re-
agents produce s iur i lar  product  mixtures:  A.  Riecker,  E.  Mi i t ler ,
and  W.  Becker t ,  Z .  \ ' u tu rJo rsch .  8 ,17 ,718  (1962) .

(51) The react ion of  DTBNO wirh norbornylmagnesium bromide was
examirred in thesc luborator ies by Mr.  John Gaasch.  We have not  pre-
parr :d O-errr lo- l -norbornyl-N,N-di- t -bury lhydroxylaminc for  compar i -
son ,
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} I H '
RHgBr -+  RHgH

RHgH -----> R. * Hs,H

R. + HgH --+ RH + Hg(0)

RHSBr  ->  R '

R .  +  RHgH ->  RH *  RHg

RHg -+ R.  +  Hg(0)

( l )

/ ' t \

( 3 )

(4)

(5 )

(6)

by rearrangement of  the radical  and subsequent hy-
drogen atom transfer f rom the mercury( l )  hydr ide to
the radical ,  in ei ther a cage or noncage process, to y ie ld
products (eq 2-3).  A second would invoive a radical
cha in  reac t ion ,  in  wh ich  in i t ia l  genera t ion  o f  an  a lky l
radical ,  by some process whose precise nature need
not be speci f ied in detai l  (eq 4),  would be fol lowed
by hydrogen atom transfer f rom alkylmercur ic hydr ide
to  a lky l  rad ica l  fo l lowed by  un imolecu la r  decompos i -
t ion  o f  the  resu l t ing  a lky lmercury ( l )  in te rmed ia te  to
a lky l  rad ica l  and mercury (0)  (eq  5-6) .

The mercury  hydr ides  pos tu ia ted  in  these schenres
have no  d i rec t  ana lo_uy  in  s tab le  n le rcurv  reasents .  An
uncharac ter ized  compound be l ieved to  be  a  mercury
hv'dr ide has been reportc.d, ' ' ) ' - )  and the diutomic mercur l '
hydr ides  HgH and HgH+ have been de tec ted  spec t ro -
scop ica l l y  and the i r  bond energ ies  es t in la ted  (8 .6  and
5 i  kca l /n ro l ,  respec t ive ly ) . t ' "  Nonethc less .  desp i te  the
absence o f  es tab l i shed precedent .  by  ana logy  w i th  o ther
con lpounds churac ter ized  by  low meta l -hydrogen bond
s t r e n s t i l s ,  b o t h  R H g H  a n d  H g H  w o u l d  b c  e x p c c t c d
to  be  exce l len t  hydrogen a tom donors  toward  a lky l
ra d ic: . r  ls .

O n  t h e  b a s i s  o f  p r e s e n t l y  a v a i l a b l e  e v i d e n c e  t h e r c
is  no  w 'a1 ,  o f  d is t ingu ish ing  c lear ly  benvec 'n  rad ica l -cage
(eq l - i )  and rad ica l -cha in  (eq  1-6)  mechan isms l 'o r
r i re  convers ion  o f  the  pos tu la ted  a lky lmercur ic  hydr ides
r t r  a lk l ' l  rad ica ls  and thence to  p roduc ts .  I f  the  pro-
Juc t ion  o f  24  in  thc  reduc t ion  o f  3  and 4  in  the  presence
t ) l '  DTBNO does in  fac t  re f ' lec t  scaveng ing  o f  in te r -
n rcd iu tc  norborny i  rad ica ls .  the  e fhc iency  o f  th is  scar ' -
c n g i n *  i s  l e s s  t h a n  t h a t  o b s e r v e d  f o r  n i t r o x i d e s  i n
o thcr  rad ica l  p roduc ing  reac t ions . ; i  However .  i t  seems
po:s ib le  tha t  the  ra te  o f  hy 'd rogen t r i rns fe r  f rom ar l
r l k r  lmercur ic  hydr ide  to  norborny l  rad ica l  m igh t  com-
p i . r re  fav 'o rab ly  w i th  the  ra te  o f  combina t ion  o f  the
bu lk l '  n i t roxy l  mo ie ' ty  w i th  th is  a lky l  rad ica l .  and tha t
in  consequence h igh  e fhc iency  migh t  no t  be  expec ted .
A l te rna t ive ly ,  the  observa t ion  o f  apprec iab le  scaveng in-u
might  be  ra t iona l i zed  as  re f lec t ing  some leakage f rom a
p r e d o m i n a n t l y  c r s e  r e x c t i o n .

In  conc lus ion .  i t  i s  wor thwh i le  to  make exp l i c i t  two
gcnera l  po in ts  concern ing  the  reduc t ive  demercura t ion
ot '  organomercur)-  reagents by metal  hydr ides.  First .
rvh i le  i t  i s  c lear  f rom the  work  repor ted  in  th is  paper
that reduct ion of  a ik.r ' /mercur ic hal ides can be expected
to  take  p lace  th rough f ree  a lky l  rad ica ls ,  i t  i s  no t  c lear
tha t  the  reducr ions  o f  o ther  c lasses  o f  o rganomercurv
reogents  w i l l  fo l low re la ted  mechan isms.  In  par -

( 5 5 )  E .  W i b c r g  l n d  W .  H e n l c ,  Z .  . \ a t r t r f o r s c h .  B ,  6 ,  " 1 6  I  (  l 9 - {  l ) .
T h i s  m a t e r i e l ,  o b t a i n e d  b y  r c a c t i o n  o f  t i t h i u m  a l u m i n u m  h y d r i d c  r v i t i r
r n e r c u r ) ( l I )  i o d i d c  l t  -  l J - i ' ,  r v u s  r e p o r l e d  t o  d c c o m p o s e  l t  t c m p c r a t u r c s
. r b o v c  -  1 f 5 " .

(56)  H.  L .  Robcr ts ,  , l t t t ' c t t t .  Inorg .  Chem.  Rac l iochem. ,  11 .309 (1968) .
(57)  The e t f i c iency  o f  d ipheny ln i t rox ; - l  as  a  rad ica l  sc rvenger  in  thc

thcrnr r [ - induced dccompos i t ion  o t '  A IBN in  ch lo robcnzene ( .1  . ]1  in
cunrc r r€ )  i s  repor tcd  to  bc  68T, ;  cJ ' .  J .  R .  Thomas and C.  A .  To lml t r r .
J . . 1 r n e r .  C h e m .  S o c . , 8 4 . : 9 1 0  ( 1 9 6 2 ) ,  S c e  a l s o  S .  F .  N c l s o n  a n d  P .  D .
I l n r t t s t t ,  r b i r l . ,  8 E ,  l . l l  t 1 9 6 6 ) .
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t icular,  studies of  reduct ion of  v inyl ic mercury com-
pounds by sodium borodeuter ide and diethylalu-
minum deuter ide, ;B and of  d iphenylmercury by l i th ium
aluminum hydr ide, ' ;e indicate that  these react ions fo l low
mechanisms di f ferent in at  least  certain major detai ls
f rom those invo lved in  reduc t ion  o f  a lky lmercur ic
ha l ides .  Second,  accept ing  th is  l im i ta t ion ,on  the  gen-
eral i ty of  the react ion.  the reduct ion of  a lkylmercury
reagents  w i th  meta l  hydr ides  prov ides  a  conven ien t
nonphotochemica l  method o f  genera t ing  f ree  a lky l  rad-
icals at  low temperatures under n-r i ld condi t ions.  As
such, the react ion meri ts fur thc-r  dev'elopment as i l
p robe fo r  the  s tudy  o f  rad ica I  reac t ions .

Exper imental  Sect ion

General .  \ {e l t ing points were obtained using a Thomas-Hoover
capr l lary mel t ing point  apparatus and are corrected.  lv lagnesium
sul late rvas employed ls a dry ' ing agent unlcss otherwise stated.
Nmr spectra were determincd on ! 'ar tan T-(r( )  or  HA-100 spec-
t rometcrs.  Chemrcal  shrf ts  are reported in t )ar ts per mi l l ion re lat t r  c
to  i n te rn l l  t e t ra rnc thy l s t l ane  and  co r . rp l rng  cons tan ts  a re  i n  he r t z .
In t ' ra red  spec t ra  r ve re  taken  in  sod ium ch lo r ide  ce l l s  on  Perk in -
E lmer  N lodc ls  l - l 7B  o r  337  g ra t i ng  spcc t ropho tomete rs .  N lass
spcc t ra  r ve re  ob ta incd  on  a  H i tach i -Pc rk in -E l rnc r  l v lode l  RMU-61)
mass spectromctcr .  Spectra used lbr  dcutcr t t tnt  analysis were ob-
ta ined  us i r rg  a  nomina l  i on i z ing  vo l tage  o f  approx ima te l y  8 .3  eV . ' J ' )
H igh - reso lu t i on  spec t ra  wc rc  ob ta incd  us iug  r t  CEC-21- l l 0B  mass
spec t romc tc r .  Ana ly t r ca l  g lpc  aua lyses  rve rc  l t c r l o rmed  on  F  &  ' \ 1
N l t - rde l  810  ins t rumen ts  equ ipped  rv i th  t l an tc  ron iza t ion  de tec to rs
and  D isc  i n teg re to rs .  Respo l t sc  l ec to rs  r vc rc  ob ta ined  w i th  au -
thcn t i c  samp lcs .  P rcp l ra t i ve  and  l t na l y  t r ca l  samp les  were  ob -
ta in rd  us ing  an  F  &  N l  \ l odc l7 l0  i ns t ru rnc r r t  cqu ipped  w i th  the rma l
conduct iv  i ty '  dctectors.  Stat ic  n i t roge rr  atrnospheres were cm-
p loved  rn  a l l  reec t ions  invo lv ing  o rganomcta l l i c  compounds .6 r

Drc thy l  c thc r  r vas  d i s t i l l ed  under  n i t rogcn  t ' r om l i t h ium a luminum
hyt lnde before use.  Tetrahydrol 'urar t  rvas used rv i thout  pur i f ica-

t i on  un less  no ted  o thc rw ise .  Pen tanc  ( ! l a thcson  Co leman and
Bc l I  spec t ra l  c lua l i t y )  was  used  w t thou t  l ru r i f i ca t i on .  A IBN was
rec ry -s ta l l i zed  f rom methano i  and  s to rcd  a t  -  l 0 ' .  Mercu r i c  b ro -
m idc  was  used  rv i thou t  pu r i f i ca t i on .

i , .vo-2-Bromobic l 'c lo[2.2.1 lheptane.  prepared by the addi t ion ol '

h - u - d r o b r o m i c  a c i d  t o  b i c y c l o [ 2 . 2 . l i h e p t - 2 - c n c . ' i ?  h a d  b p  6 5 "  ( l ]

Torr t  f l i t . ' ; r  bp 82'  (19 Torr t l .  e. ro-2-Chlorohic l 'c lo[2.2. I ]heptane.
p repare  d  fo i l o rv  i ng  thc  p rocedure  ( ) l '  Schmcr l i ng , r  t  had  bp  5J
(  l 5  To r r r  i l i t . i  ;  bp  5 l '  (  I  I  To r r t l .  t ' t t i l r 2 - ( - .h lo rob icyc lo [2 .2 .1 ] -
heptane rvas obtained as a gi l ' t  t ' rom Dr.  E.  Str i r l  and Prol 'essor P.  D.

Bar t l e t t .  1 ,7 ,7 -T r i : ne thy lb i c ; r c lo l2 .2 .1 ]hcp t l ' l  ch lo r ide  was  pu r -

chasecl  i rom K and K Laborator tcs.  1.7.7-Tr imethylb icyclo-

[2 . ] . l l hep tane  (bo rnanc ) .  p repared  by  Wo l l I -K i shner  reduc t ion  o t '

c a m p h o r . ; r  h a d  m p  1 5 5 - 1 5 6  '  ( l i t . e  '  m p  1 5 6 - 1 5 7 ' ) .  2 , 2 , 3 ' T r i -
methylb icyclo[2.2.1]heptrne (campharte)  \ ! 'as prepared by hydro-
gena t ing  camphene  (F i rmen ich  &  Co . )  ove r  p la t i num b lack  in  e thy l

ace ta te  a t  l 5 ' .  The  p roduc t  was  i so la ted  u t i l i z i ng  p repara t i ve  g lpc

us ing  a  l l - f t .  UC-w98  co lumn a t  150 ' .  Re in lec t i on  o f  co l l ec ted

samp les  on to  a  l - l - t ' t .  H i -Pak  SE- -10  co iumn a t  70 ' '  i nd i ca ted  a  70 :30

mlxture ol '  s tereoisomcrs I  these isomcrs wcre not  character izeu

ind iv idua l l y .
Diethvla luminum deuter ide rvas prepareci  by react ion of  l i th ium

deuter ide (  l terck Sharp and Dohme. 9 l i  \  i i  )  rv t th d iethyla luminu m

chlor ide using a modi f icatron of  t l te l i terature procedure.65 Li th-

ium deuter ide (0.98 g,  0.109 mol)  w'as placct l  in  a t lame-dr ied.  two-

necked t lask equipped rv i th a Tet lon str r r ing bar and a ref lux con-

(58 )  J .  San  F i l i ppo .  J r . .  and  G.  ! I .  \ \ ' h i t es idcs ,  unpub l i shed .
r 5 9 )  D .  H .  R .  B i r r t o n  a n d  W .  J '  R o s e r r t c l d e r ,  J .  C h e m '  S o c , 2 3 8 5

( 1 9 5 1 ) ;  T .  G .  T r a l l o r ,  C h e m .  I n t l .  ( L o n d o r r t ,  l l l 3  ( 1 9 5 9 ) .

{€ ' ( ) )  I i .  Biemnnn "} lass Specrrontetr}  -Organic Chemical  Appl ic : t -
t i ons , "  \ l cCr l r v -H i l l ,  Nerv  York .  N .  Y . ,  l ( )6 ] ,  p  l l i  t I .

(6  I  )  D .  F .  Shr i ve r ,  "The  \ l an ip r r l a r i o r r  o t '  A i r - scns i t i ve  compounds , "
\ l cCr l r r ' -H i l l .  Ne  rv  Y 'o rk ,  N .  Y . '  1969 '  Chap tc r  7 '

(62 )  J .  D .  Robcr t s ,  E .  R .  T rumbu l l .  J r ' ,  \ .  Bc r t r te  t t .  and  R .  A rms t rong ,
J .  A m e r .  C h e m .  S o c . , ' 7 7 , I 1 1 6  (  1 9 5 0 ) .

(61 )  L .  Schmer l i ns ,  i b i J ' , 68 .  195  (  l 9 '16 ) '
(6 - l )  L .  Wo l f l ,  Jus rus  L i cb i ss  ' 4nn .  Chem. ,39"1 .86  (1912) .
( 6 - s )  G .  W i l k e  a n d  H .  M u t l e r ,  i b r c i . , 6 l E .  1 6 7  ( 1 9 5 8 ) ;  K .  Z i e g t e r '

H .  G .  Cc l l c r t .  H .  \ l . r r t i n ,  i i .  N r rgc l .  an t l  J '  Schne ide r ,  i b id . ,589 .  L ) l

(  l95l ) .  The proceclurc used i t r  our laboratory was devised by N{r '

E r w i n  S t e d r o n s k y .

LVhi tesi r le.s.  Scrrr  F i l ippt t  i  Ret l t rc t i i t r t  t t l  , ' l l l ' t ' lmercur ic Hal ide.s



6620

denser.  The system w'as f lushed thoroughly '  rv i th n i t rogen. and the
open  necks  were  capped  rv i th  No-A i r  s topp t rs .  E the r  (15 -20  m l )
r vas  added .  D ie thy la luminum ch lo r idc  (Texas  A lky l s .  I 1 .8  g ,  0 .1  l 5
mo l )  was  we ighed  in to  a  s toppercd  l0 -m lcen t r i i ' uge  tube  and  d i l u ted
w i th  e the r  to  a  to ta l  vo lume o t ' . - -30  m l .  Over  a  pe r iod  o i30  m in .
ha l f  o t '  t h i s  so lu t ron  was  addcd  by  cannu la  to  the  v igo rous ly  s t i r red
suspension ol '  l i th ium deutertde in ether.  The resul t ing react ion
mix tu re  was  s t i r red  l ' o r  l -3  h r :  du r ing  th i s  t imc  r t s  t cmpera tu re  was
ma in ta ined  a t  55 -60 '  b f  immers ion  in  an  o i l  ba th .  The  rema in ing
solut ion of  d iethyla luminum chlonde rvas added and the react ion
mix tu re  aga in  hea tcd  a t  55 -60 '  l o r  ano the r  2 - i  h r .  The  con ten ts
o[  the react ion vessei  rvere t rAnslerred to a stoppered centr i l lge
tube  and  the  l i t h ium ch lo r ide  wh ich  had  p rcc rp i ta ted  was  removed
by centr i fugat ion.  The supernatant  solut lon was t ransferred to a
bu lh - to -bu lb  d i s t r l l a t ron  oppar3 tus  and  thc  so lven t  removed  u t
rocm temperature by graduul ly  reducing the presst t re to a f inal
va lue  o l '  -0 .01  Tor r .  The  res iduu l  l i qu rd  t vas  t rans le r red  to  a  s top -
pe red  cen t r r l ' uge  tube  and  the  add i t i ona l  l i t h ium ch lo r ide  rvh ich
precip i tated dunng concentrat ion was remol 'ed bv centr i fugat ion.
The  superna tan t  l i qu id  r vas  pu r i t i ed  bv  bu lb - to -bu lb  d i s t i l l a t i on  on  a
h igh -vacuum l i ne  us ing  a  ba th  tempera tu re  o t ' 55 -60 '  and  a  p ressure

o f  l 0 - r - 1 0 - r  T o r r  i l i t . o o  b p  i 5 - 5 6 '  (  l 0 - ' - 1 0 -  '  T o r r l l .  T h e  i s o l a t e d

; ie ld  o l  d i c thv la lumtn r . rm deu te r idc  r vas  6 . i  g l70 ' ' o )  based  on  l i t h -
i um deu te r ide .

Thc  nea t  d ie th r  l a lumiuum tJcu tc r rc l c  r vas  . l i l u ted  rv i th  l 0 -15
ml  o l ' o lehn- t l ' ec  dcc l tnc  (pun f i cd  L r1  d i s t i l l u t ron  l ' r om a  suspens ion
o t '  sod iun r  benzophcnonc  ke ty l  under  n i t rogcn t .  An  a l i quo t  (1 .0

rn l )  o f  t h i s  so lu t ron  w i l s  r v i t hd rawn and  l t vd ro l - t zed .  Subsequen t
ha l i dedT  and  a lumrnum.d  aua l t ' ses  ind rca tcd  t l t l t  t hc  ra t i o  o t ' ha l i dc
t o  a l u m i n u m  i n  t h c  h y d r o h z e d  a l i q u o t  r v a s  ( ) . 1 ( ) .

Thc isot t - rp lc l ) r lnt t '  ot '  thc d icthy la iunr inLrrn r lcuter ide was cstab-
l i s i r cd  by '  t hc  t ' o l l o rv in r {  p roccdurc .  To  a  t l amc-d r ied .  one-neckcd
l0 - rn l  t l ask  con tJ l r l rng  a ' I ' c t l on  s t r r r i ng  t ra r  an t l  t i t t cd  r v i th  l t  re f l ux
condcnser  cappcd  rv i th  a  N t l -A i r  s top l ) c r  r vas  uddcd  ]  m l  o f  i -
h c x y n c .  T I r c  f l u s [  r v a s  c o o l c d  t o  - 7 3 '  a n d  u  1 . O - r n l  a l i q L r o t  o i  t h c
dcc : . rnc  so lL l t ron  t l t '  d i c th l  l a lum inum c leu tcndc  rvas  in jec ted .  The
rn i r tu re  wrs  P ' ' rn l t t cd  t t>  \ ! i . l r n r  to  roo rn  temr - l c re tu rc  r v i t l t  s t i r r l ng
and then ret luxcr i  gcrr t ly '  l 'or  I  hr .  T l te st t lut t<,rn was caut tousl l
hvd ro l vzcd .  l i r s t  r v r th  mc thano l  i t r rd  then  . ' l ' i t l t  \ va te r  a t  -50  .
The reactron l r rodLrcts rvcrc l t r ra l ;  zcd rv i t l tout  t 'ur thcr  rvork-up t tn
l n  S - l ' t .  l 0 ' ' , ;  T C E O I ' o n  C h r o r n o s o r b  \ ! ' c o l u m n  a t  7 0 ' a n d  t l t e
resu l t i ng  c i . r - ,1 -hcxcnc  \ v i l s  co l l ec tcd .6e  N lass  spcc t ra l  ana lvs ts  tnd i -
ca tcd  tha t  the  rs t - l t o l r i c  compos l t i on  o f  thc  J - l rexenc  was  95 \ ,1 t .
Th is  va luc  r vas  takcn  to  l r c  thc  m in imurn  i so top ic  pun tv  o t ' t he  d i -
c thy I  a luminurn  deu te r idc .

Di isobutr ' l : r luminum Dcutcr idc.  The proccdure used to synthe-
s i ze  d ie th l  l a lum inum dcu tendc  rvas  app l i ed  rv r th  obv ious  mod ihca -
t i ons  to  the  p repera t ron  ( ) l ' d i i sobu t l ' l a lun r rnu rn  dcu te r idc  l ' r om
0 . 9 9 0  g  ( 0 . 1 2 1  r n r n o l ) o t ' l i t h r u n r  d e u t e r i d c  a n c i  l - 1 . - l  g  t 0 . 1 2 8  m m o [ )
o f  d i i sobu ty  l a lun r rnum ch lo r rde  .  Th is  p rocedurc  r " i e lded  I  l . - i  g
( 6 9 | ; )  o i  t j r i s o b u t y l u l u n r i n u m  d e u t e r i d c .  b p  9 0 - 9 ( r '  ( 1 0 - r - 1 0 - '

T o r r )  f l i t . ; 0  b p  I  l 2 - l  l 3 '  ( 0 . 3  T o r r r l ,  9 6 \  L t r
Copper ( l )  H t ' d r i dc .  In  a  t yp i ca l  p rcpara t ion .  copper ( l )  b ro -

n r ide  (0 .868  g .6 .0  mmol )  r vas  p laced  in  a  40 -m lcen t r t f uge  tube  wh ich
was  capped  rv  i t h  a  No-A i r  s toppc r  and  gen t l y  l l amed  under  a  s t ream
ot '  n r t rogen .  [ ' y r rd ine  (5 -10  m l ) .  l ' r esh ly  d i s t r l l cd  under  n i t rogen
from calc ium hy'drrde.  rvas added and t l re tube shaken unt i l  t t re
copper ( l )  b romide  had  d i ssoh 'ed .  A t  -50 ' ,  . 1 . - l  m l  (6 .1  mmol )  o t '
a  hep tane  so lu t i on  o f  d i i sobu tv  l a luminum hvdr ide  rvas  in jec ted
into the centr i l 'uge tube and the resul t ing dark brorvn react ion
mix tu re  shaken  v igo rous ly  l o r  severa l  m inu tes  a t  -  50 ' .  The  add i -
t ion ot '  i0  ml  ot '  ether to th is mixture produced a coarse brorvn
precip i tatc rvhic l - r  was compacted by centr i fugatron in a centnluge
brrcket  packed rvr th Dry lce.  The supernatant  solut ion rvas re-
moved b1,  cannula under a posl t ive pressure ot '  n i t rogen. 30 ml o l '
f resh cthcr  ' ,vas addcd.  and the tube rvas shaken and again centr i -
l 'uged.  ln a l l .  the sol id copper(  I )  hydrrdc , ,vas rvasi ted four t imes.

( 6 6 )  I i .  Z i c g l c r ,  c t  a l . , J u s t u s  L i c b i g s  , 1 t r n .  C h e m . , 5 8 9 , 9 l  ( 1 9 5 1 ) .
( 6 7 )  T h c  V o l h a r o  m c t h o d  w a s  u s c d :  A .  C .  C u m n r i r t g  a n d  J .  l ( . r v ,

" Q u a n t i t a t i v c  C h e r n r c a l  ̂ \ n a l v s i s , "  O l i v c r  a n c i  B t t v d ,  L o n d o n ,  1 9 5 6 ,  p
t 9 4 .

(68)  A  s tanderc l  a r ra ly -s is  employ ' ing  EDTA and PAN ind ica tor
rvas  uscd:  W.  T .  E l rvc l l  and  I .  R .  Scho les ,  "Ana i1 's is  o t 'Copper  and I ts
At loys . "  Pergamon Prcss ,  E ln rs t 'o rd .  N.  Y . ,  1967,  p  39 .

(69)  For  a  d iscuss io r r  o t '  thc  reac t ion  o f  a lky la luminum hydr ides  rv i th
a lkynes ,  scc  H.  Re in i recke l ,  J .  Haagc,  and D.  Johnkc ,  Orgunometa l .
C h e m .  R c c . ,  4 .  - 1 7  1 1 9 6 9 ) ,  a n d  r c t c r c n c e s  t h e r c i u .

( 7 0 )  J .  J .  E i s c h  a n d  W .  C ,  I ( . r s k a ,  J .  , l t n c r .  C h e n t .  S o c . ,  8 8 ,  2 2  l l
( 1 9 6 0 ) .

The propert ics of  the resul t ing sol id copper( l )  hydr ide have bccn
desc r ibed  e l se rvhere .  I  r ' ? r ' 72

Copper(  I )  deuter ide wrts prcpared f rom di isobuty la lumrrrr . t  nt
deu te r i r l c  l 6 . l  mmo l )  and  copper ( [ )  b romide  t6 .0  mmol )  us ing  t i r c
p rocedure  desc r rbed  fo r  the  syn thcs is  o f  copper { l )  hyd r ide .  Thc
iso top ic  punry  o t '  copper ( [ )  deu te r ide  p roduced  in  th i s  m l tnnc r
i s  9 7 . 7  " ; .  t  '

t - Iydr ido- und Deuter io( t r i - r r -huty lphosphine)copper( [ ) .  Tr t - , r -
buty ' lphosphine t -1.0 mmol)  , .vas in lected into a capped. f ' lushcu
.10 -m l  cen t r r i ugc  tu t re  c t rn ta rn ing  a  suspens ion  o f  copper l [ )  h ld r r t i e
(deu tc r rde )  ( . -5  rnmo l )  i n  - - - i  m l  o t ' c the r  a t  -78 ' .  The  t ,ube  rvas
shaken  v igo rous ly  l ' o r  1  m in .  thcn  cen t r i t ' uged  tb r  5 -10  m in  in . r
centr i l 'uge bucket  packed wrth Dry lcc.  The resul t ing dark t r rorrn
so lu t i on  o f  h l  d r rdo ( tn - / , -b l r t t  l phosphrnc )copper (  [ )  was  dec ln tc rJ
t ' rom thc  res idua l  so l i d  copper t l )  hvd r ide  us ing  a  cannu la  and  s to rc r t
a t  -78 '  under  n i t rogen .  T l t r s  so lu t ron  was  charac te r i zed  b ' , '  a
ra t i o  o t ' t r i - r r -bu ty  l phosph ine  to  cop l )e r  o t ' 0 .95 .  based  on  the  amoun t
o l '  t r i - r r -bu t ; * l phosph ine  i r r r t ra l l y  added .  and  a  ra t i o  o f  hyd r ide  t , r
coppc r  o f  0 .9 -1 . ; t

Tr i - r r -but1 ' l t in  deuter idc rvas prepared l iom hexa-rr-buty lc l i t  ur
by  a  mod ihca t ion  o f  the  l i t e ra tu re  p rocedure . :5  Naph tha lene  (1 . - i

g ,  11 .0  mmol ) rvas  p laced  in  a  th rec -necked .  150-m l  t i ask  con ta in ing
a  Te f lo r r  s t r rnng  ba r  and  c r lu ipped  rv i th  a  6 ( ) -m l  d ropp ing  fun r rc i .
Thc s l ,s tem rvas l . l  ushed rvr th prepurr f icd ni t rogen. Tetrahydrt l -
l ' u ren  ( l 15  mt .  l ' r csh ly  d i s t r l l cd  t ' r om LAH under  n i t rogen)  and  l . r ,
g  (  I  l 0  mg-a tom)  o t ' sod iu rn  ' , vc rc  addcd .  The  rcma in ing  necks  wcrc
c a p l r c d  r v r t h  N o - A i r  s t o p p c r s  a n d  l t e x a b u t y l d i t i n  ( 3 2  g ,  5 2  m r t r . r i .
. { l 1 rha  I r ro rgen ics )  r v : r s  addcd  d rop rv rsc  ovc r  a  [ -h r  pe r iod .  T i r c
rcsu l t i ng  rc i . r c t l on  n r i r t u rc  was  [ ) c r rn r t ted  to  s t i r  ove rn igh t  bc t i t r c
c u u t i o u s l y  h y d r o l r z r n g  r v t t h  d c u t e n L r m  o x t d e  ( 1 2  m l .  9 9 . 5 ' ' l  , i  r

The  c l ca r  o rqan ic  supc rn t tan t  so lu t ton  t vas  decan ted  t r y  cen t r t t l : t
rnd  thc  r cac t ron  rcs iduc  cx t r xc tc ( i  w l th  t \ vo  l 0 -m l  po r t i ons  o l  l l c \ . -
anc .  The  combrncd  o rganrc  p l tasc  r vas  d r ied  (  N lgSOr )  and  f i l t c re  u .
(hc nrorc volat t le cornl)oncl l ts  rvcrc retnoved undcr reduced pressLtrc

Thc  rcs rdL r l l  o r l  \ vas  tn t r r s t c r red  to  a  onc -necked  50 'm l  l l r t : r .
c r l u ippcd  r r r th  i t  d i s t r l l i ng  hcac i  r vh i c l - r  r vas  l rea tcd  w i th  an  in l ' r a rc t i
l amr l .  Thc  d i s t r l l u t ro r r  l l usk  vv ' l l s  lmmcrscd  in  an  o i l  ba th  hea tc r - i  t , . r
5 0 .  T I r c ; l r c s s u r c  o l ' t h c  s ! s t c m  r v i t s  g r a d u l l l v  r e d u c e d  t o .  i ! l l d

m a r n t u r r r c d  a t .  0 . ( ) l - { ) . 0 0 5  T o r r  u n t t l  t h c  d r s t r l l a t r o n  o f  n a p h t h a l e  n c

ceescd.  Tl rc recctv i r tg t ' l i l : ;k  rv; . rs chat tgcd and thc pot  tempcrat t l rc
i r r c reuscd  un t i l  t he  rcmr tn ing  l i qu id  t t egan  to  d i s t i l .  bp  60  6 , i
(0 .01 -0 .005  Tor r t  i l i t . ; ' r  b t ;  76 -81  '  (0 .7 -0 .9  To r r t l .  The  i so la tc , - i
y rc ld  o t '  t r i - r r - i r t i t l ' l t i n  deu tc r idc  l vas  20  S  (67 \ ) .  A  compar tso r t
t r t '  t he  in tens i t i cs  o t '  t he  Sr r -H  anc l  Sn-D  i r ' s t re tch ing  t requenc tc ;
( l S I 0  a n d  l l 0 5  c m - t ,  r e s p e c t i v e l y ' )  i n  a  s a m p l e  o t ' t h i s  m a t c r i a l  i n d r -
ca ted  tha t  i t s  r so top ic  pun t ) '  w i t s  approx tmate lv  96 -98  [  S r t -D .

Neoph . " - lmercu r i c  B romide  ( l ) .  An  e thc r  so lu t i on  o [  neophr l -
rnagncs rum ch lo r rde .  p repared  I ' r om [7  g  t l ) . 1  mo l )  o f  neophy l  ch l i ; -
r r d e  a n d  2 . 6 7  g  ( ( ) . l l  g - a t o m t  o i  m a g n c s t u m  t u r n i n g s  i n  5 0  m [  , r l

ether,  rvas addcd s lorv ly to a suspenston ot '  l0  g (0.1 mol)  of  mercurtc
bromide rn l0()  ml  ot '  c thcr .  The react ton mlxture was cooic. i
i n  an  rcc  b i t t h  du r ing  addr t i on .  The  resu l t i ng  g ray  s lu r r l  r v l s

s t r r red  ovc rn rgh t .  t hen  hyd ro l vzed .  The  o rgan ic  l aye r  was  sc r r -

a ra ted .  d r ied .  and  concen t ra ted .  lV le thy lene  ch lo r ide  ( [00  m l )  r i i r '

a d d e d  t o  t h e  r e s r d u a l  o i l  a n d  t h e  s o l u t i o n  c h i i l e d  t o  - 3 0 ' l b r  S  l t r

to producc I  as lustrous whi te p lates.  Recrystal l izat ion l ' rorn

m e t h a n o l  ( - - 1 0 ' ) a l f o r d e d  l 0 . t  g  ( 2 ] i 1  o f  n e o p h y l m e r c u r i c  [ ' r r , ' -

m r d e :  m p  - 1 5 . 0 J 5 . 5 ' ;  i r  ( C C l r ,  C S r )  2 9 6 0 ( s ) .  1 6 0 0 ( m ) ,  l 5 l 8  t s r .

H 9 8  ( s t ,  l - l - l j  ( s ) .  1 3 8 5  ( s ) .  1 , 1 6 7  ( s r .  l l 8 5  ( m ) ,  l l 9 8  ( s ) .  l l 5 0  ( m r .

l i 3 6  ( n r ) .  1 0 2 3  ( s ) .  a n d  6 9 ( )  c m - r  ( s ) ;  n m r  ( C D C l r )  6 7 . 3 6  ( 5  H .  n r .

a romat i c ) .  l . l ( )  ( l  H .  s ,  -CH: - ) .  1 . .+ -+  (6  H .  s .  {CH; ) : ) i  / u , r - ,  r r
1 8 7 . 0  H z .  J u n - , : u , :  l l . 0  H z .

, | n u l .  C a l c d  l o r  C r o H r r B r H g :  C . 2 9 . 0 : :  H . 3 . 3 8 ;  B r ,  1 9 . - : 1 .
F o u n d :  C .  1 9 . 0 9 :  H . 3 . 1 2 :  B r .  1 9 . 2 0 .

1.7,7-Tr imethylb ic l 'c lo i2.2. t lhepty l -2-mercur ic Bromide (2) .  . { t t

ether solutron ot '  bornylmagncslum chlorrde was prepared b;"  rc-

t i u . r rng  17 .0  g  (0 .  l 0  mo l )  o t '  bo rny i  ch londc  rv i th  2 .5  g  (0 .1  I  g -a to r r l  )

o t 'magnes ium tu rn ings  rn  150  n r i  o f  e thy ' l  e the r  con ta in ing  0 .3  m l  , . , ;

mcthy- l  iodide lbr  l l  hr .  This reagent r ,vas added to a suspen51611 rr l

30  g  (0 .10  mo l l  o f  mcrcu r i c  b romrde  in  i 00  m l  o f  e the r  a t  - l \

The resul t ing gray s lurry"  rvas st i r red overntght  at .  room temperatLl i r
bel 'o re bcing caut iously '  hy drolvzed.  f i rs t  rv i th methanol ,  and then rv t t : t

(71 )  A  de ta i l ec l  dcsc r ip t i on  o f  thc  ana ly t i ca l  me thods  used  in  chara : -
ter iz ing th is substance rv i l l  bc reported in a paper deal ing wi th tn:
chemisrry ot '  copper l tydr idc.

(7 : )  J .  A .  D i t t s  and  D .  F .  Shr i vc r ,  J .  Amer .  C l r cm.Soc . ,  90 .  ' <7o ' )
( 1 9 6 8 ) :  9 1 .  J 0 8 8  ( 1 9 6 9 ) .

173 .1  C .  J .  ! 1 .  Van  Dcr  I ( c rk .  J .  C .  No l t cs ,  and  J .  G .  H .  Su i l t : r r ,
J .  . 1 p p l .  C l t e r n . , 7 , 3 6 6  ( 1 9 5 7 ) .

Jt t t r rnt t l  , t l  l l t t  . l t r t r ic ' t t r t  Cl tanr i t 'u l  Srrc ' i t r f  t '  92.22 |  Nrtcut t / t t ' r  J .  l t )70



water.  T l re organic layer rvas Separated and the inorganic residues
were cxtracted wi th two 100-ml ponions of  methy' lene chlor ide.  The

combined organic phase was dr ied.  f i l tered.  and concentrated under
reduccd pressure.  The resul t ing whi te sol id.  af tcr  recrystal l izat ion
t ' rom 500  m l  o f  bo i l i ng  methano l .  y ie lded  l0  g  (29%)  o i  bo rny l -
mercunc  b romide  (con ta in ing  a  m ix tu re  o f  s te reo isomers ) :  mp

1 7 7 - 1 7 8 ' ;  r r  t C H C I , )  1 9 5 0  ( v s ) ,  1 5 0 0  ( s ) ,  l 3 8 l  ( m t .  1 3 7 0  ( m ) ,  1 3 6 3
( m r .  l 3 l 0  ( m ) ,  1 3 0 0 . ( m t ,  1 2 8 8  ( m ) ,  1 2 6 8  ( m ) ,  l 2 1 5  ( m ) ,  1 2 0 3  ( m t '

l l 9 0  ( m ) .  l 1 6 2  ( s ) .  1 0 9 2  ( m ) ,  1 0 6 8  ( m ) ,  a n d  l 0 l 9  c m - ' ( w ) ;  n m r

t C D C l r ) , 6  0 . 8 3  ( 3  H .  s .  C H r ) , 0 . 8 8  ( 3  H ,  s .  C H r ) , 0 . 9 5  ( 3  H ,  s '  C H r ) ,
-  L0 -3 .0  (  8  H .  com p lcx  ) .

, *n l .  Ca lcd  fo r  C , ,Hr ;B rHg :  C ,  28 .78 ;  H '  4 .08 .  Found :
C .  : 8 . 7 8 :  H .  - 1 . 1 8 .

Bicy,c lo[2.2. l lhepty l -2-mercur ic Bromide.  A suspension of  mer-

cunc  b romide  (0 .30  mo l )  i n  500  m lo f  d ry  c the r  vv 'asch i l l ed  to  -78 ' .

A  so lu t i on  o f  b i cyc lo [2 .2 .1 ]hep ty l -2 -magnes ium b romide ,  p repared

by react ion of  42 g t0.2-1 mol)  of  e.rc ' -norbornyl  bromide wi th 6.3 g
(0.25 g-atom) of  magnesium tunt ings in 2CX) ml o l  ether,  rvas added
to  th i s  suspens ion  ovc r  a  pe r iod  o f  l 5  m in  w i th  v igo rous  s t i r r i ng .

Dunng the addi t ion.  the react ion mixture warmed to -0o.  The

mixturc rvas al iorved to str r  for  2 hr  at  room temperature,  then cau-
t rous ly  quenched  w i th  su f f i c ien t  me thano l  ( - J  l . )  a t  -20 "  to  d i s -
solv 'c  the resul t ing gre-v sol id on warming the solut ion to ref lux
tempcr r tu re .  The  so lu t i on  was  f i l t e red  rvh i l e  ho t .  t hen  coo led  to
- -5 ( ) ' .  Lus t rous  wh i te  c rys ta l s  o f  p roduc t  (a  m i r tu re  o f  s te reo -

lsomcrs)  tbrmed and rvere col lectcd b- ' '  s t tc t ion hl t rat ion.  These
c r rs r r l  had  mp 1 ,18 -150 '  ( l i t . : 6  mp  l4 - l - l -15 '  f o r  a  537( ,  endo .177 i

c.r { )  tT l i \ turc ) .
l l ic l  c lo[2.1.1]hep ty l -2-mercur ic . \cetate.  B ic l  c lo l2.2.  I  ]hepty l '2-

m c : c u n c  b r o m r d e  t 7 . 5 0  g ,  2 0 . 0  m m o l :  m 1 l  l 5 l - 1 5 3 ' )  r v a s  d i s s o l v e d
rn  l - l ( )  n r l  o l ' bcnzene  and  added  to  i l  suspcns ton  o f  s i l ve r  ace ta te
r l . -16  g ,  l . ( ) t  mnro l )  i n  l 0  m l  o t ' benzcnc .  A  p rec rp i ta te  o f  ye l l o rv

, r i r c r  b rcmrde  lb r t t t cd  immed ia te l y ' .  Thc  reac t ion  m ix tu re  was

: r i l o rvcd  to  s t l r  t ' o r  l 5  m in ,  then  f i l t e red  and  concen t ra ted  undc r
reduced  p rcssu re  .  Add i t i on  o t ' pen tane  to  thc  res tdua l  o i l  p roduced

5 . - r 5  g  ( 7 5 ' ; )  o l ' l u s t r o u s  r v h i t c  p l a t e s .  m p  9 l - 9 3 ' ( a  m i x t u r c  o l '

i t c r co rsomcrs )  ( l i t . : 6  mp  77 -78o  lo r ; l  53 'no  t ' ndo , ' J7 \exo  m lx tu re ) .

c. r r r - [ ! ic1 'c lo[2.2.1]hept1 ' l -2-mercur ic l . ] romide (3) .  Recrystal l iza-
t ron  o l '  J0  g  o i  b i c - " - c lo [2 .2 .1 ]hep ty - l -2 -n rc rcu r i c  acc ta te  (mp  8G88  ' )

I ' r t )m  I  l .  o t ' r c t l ux ing  pcn tane  y i c lded  l3 . l  g  o t  an  in i t i a l  l r ac t i on
r r  r th  mp  l0 l - l (H ' .  S tmr la r  rec rys t i t l l i za t i on  t l t '  t h rs  l i ac t i on  f rom a

mln lmum amo l rn t  o l '  re l l r , r x ing  pen tane  l t roduccd  3  g  o f  a  ma te r ia l
r , , i t h  mp  l l ( ) . ( ) - l  10 .5 ' .  An  add i t i ona l  rec rys ta l l i za t i on  inc reased

t h c  m p  t o  1 1 0 . 5 - l l l . 0 ' ( 1 . 7 5  g )  [ l i t . 7 t  m p  l ' o r  E . r o - b i c y c l o l 2 . ] . l l -
hcp ty  l - l -mercu r i c  acc la te  I  10 .0 -  I  10 .8  '  (  109  ' . ) : 61 .  A  soh . r t i on  o t '

t h i s  ma te r ia l  (3 .0  g .  3 . .1  rnmo l )  i n  l 0  m l  o [  benzene  was  shaken  lb r

l ( )  m in  r v r th  l 0  m l  o f  a  sa tu r r ted  aqueous  so lu t i on  o f  po tass ium

i . romrde .  The  o rgun ic  l aye r  was  separa ted ,  d r i cd .  : rnd  concen t ra ted

un , l c r  re  duccd  p rcssL r re .  C r l  s ta l l i za t ron  o I  t l t e  rema in ing  o r l

i ' r t )m  a  mrn rmum c iuan t i t y '  o t ' bo i l i ng  mc thano l  p roduced  1 .7  g  (55 . I )

o l  ' , v h r t e  n c e d l e s .  m p  1 6 9 . 0 - 1 6 9 . 5 ' ( l i t . : 6 ' ; 5  m p  1 7 8 - 1 3 0 " ) .
. ' 1 r tu l .  Ca lcd  lb r  C ;Hr rBrHg :  C ,  12 .30 ;  H .  2 .29 .  Found :

C .  l l . i - l :  H ,  3 .00 .
errc lo-Bic1'c lo[2.2.1]hepty l -2-mercur ic Bromide (4) .  Bicyclo-

[1 .1 .1 ]hep ty ' l -2 -mercu r i c  ace ta te  (5 .0  mmol .  mp  88 -90" )  was  d i s -

so l red  in  1 ( )  m l  o t ' g lac ia l  ace t i c  ac id  con ta in rng  I  m l  o f  ace t i c  an -

i - r rdrrdc.  T ' ,vo drops oi  70[  perchlonc acid rvere added. An

rnrnrcdratc rcact ion occurred and element: . r l  mercury precip i tated.

The  re l c t ron  m ix tu re  was  s t i r red  to r  l 5  m in ,  then  50  m l  o f  a  sa t -

urrreci  aqLleous solut ion of  potassium bromide was added. and the

mr \ tu re  shaken  v igo rous ly  l b r  I  m in .  The  resu l t t ng  so lu t i on  was

ertracted three t imes wi th benzene ( totaI  volume ]00 ml) .  T l te

e\ t racts rv 'ere rvashed wi th saturated aqueous bicarbonate solut ion

un t r l  neu t ra l .  d r i ed .  and  concen t ra ted  under  reduced  p ressure  to  a
vo lume o l '  l 0  m l .  The  add i t i on  o t '  100  m l  o f  pen tane  to  the  resu l t i ng

o r l  p r o d u c e d  i . 8  g  o f  a  r v h i t e  g r a n u l a r  s o l i d .  m p  1 2 0 . 5 - 1 2 1 ' 5 '
( l i r . : e ' ; t  m p  l l 0 - 1 2 1  ' .  p u r e  e n d o ) .

Tlre in i rared spcctra of  e.ro-  tnd enclo-bi*c lo l2.2.1]mercunc
L . romrde  (sa tu ra tcd  rn  CS: )  a re  s im i la r .  b l r t  ma t  be  d i s t i ngu ished  bY

scr.eral  character is t rc d i t lerences.  The endo isomer has strong'

s h a r p  b e n d s  a t  1 3 0 5 .  1 1 3 5 .  l l l 0 .  i 1 0 . t , 9 5 0 ,  a n d  7 i 3  c m - t  r v t t h  a

\e r ) '  s t rong  band  a t  I  l 6 ( ) .  The  e .vo  i somer  has  s t rong ,  sha rp  ab -

s o r p t i o n s  a t  1 3 1 1 .  l l l 0 .  I 1 7 0 ,  I 1 0 8 .  a n d  9 5 1  c m - ' .  V e r y  s t r o n g

f7 - l )  F .  R .  Jensen,  R.  J .  Oue l le t te ,  G.  I (nu tson,  rnd  D.  A .  Babbe,

Ter rahedron Ler t . ,  339 (  1963) .

t75)  In  v ie rv  o f  the  c lose  ag leement  benvecn the  mei t ing  po in t  o f  our

mcrcur ic  rcc ta te  i sorncrs  and the  va lues  ob ta ined independent ly  by

o t h e r s , ;  r  * e  b c l i e v e  t h l t  t h e  m e l t i n g  p o i n t  o f  1 7 8 - 1 3 0 '  d c c  r e p o r t e d  b y

\ \ ' i n s t e i n . r n d  c o r v o r k e r s r d  f o r  3  i s  i n c o r r c c t .
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bands  a re  abscn t  i r r  t hc  c ro  i somer .  The  nmr  (CDCI r )  spec t ra  o i
incJrv idual  e.ro and t ' lc . /o isomers exhib i tcd complex.  but  d i f ferent .
absorp t rons .

cis-e.ro- Bic vclo[2.2. 1 ]hep t-5-ene-2-acetox]' '3-mercurie bromide (5 )
\ ! 'as prepared L. l  a procedure s imi lar  to that  out l ined by Pande
and Wirrsrein for  the preparat ion of  the analogous mercur ic chlo-
r ide.  ;  I  To a st i r red suspension of  mercurtc acetate (0.156 mmol)  in
g lac ra lace t i c  ac rdwasadded  in  one  po r t l on  a  so lu t i on  o f  b i cy lohep te -

d iene  (0 .22  mo l )  i n  20  m l  o f  ace t i c  ac id .  A l ' t e r  l 0  m in  the  resu l t i ng

mixture was t reated rv i th 200 ml of  l0[  aqueous potassium bro-

mide.  Cool ing the react ion mlxture to -  -10'  resul ted in precip i te-

t ion of  a rvhi te sol id rvhich was col lected and dr ied.  This materral
rvas dissolved in a minimum amount of  ethyl  acetate and repre-

c ip i tated by addi t ion of  pentane at  -30".  Recrystal l izat ion f rom

warm e thy l  ace ta te  ; - i e lded  50  g  tZS%)  o f  5 :  mp  127-128 ' ;  r r
( C S ? )  3 0 5 0  ( w ) ,  I 2 3 5  ( s ) ,  1 2 1 5  c m - t  ( v s ) .

A n c t l . .  C a l c d  t o r  C , H r r B r H g O . :  C ,  2 5 . 0 2 ;  H ,  2 . 5 5 ;  B r  1 8 . 5 1 .

F o u n d :  C , 2 5 . 2 3 ;  H . 2 . 7 3 ;  B r .  1 3 . 5 1 .
e.ro.e.ro-Tric1'clo[2.2.1.9t'o][repta-5-ircetoxy''3-mercuric bromide (6)

was prepared by a modi f icat ion of  the procedure used to obtain

5.  The same quant i t ies of  mercur ic acetate.  acet ic  acid,  and bi -

c1 'c loheptadiene rvere used; hotvever.  the react ion t ime was ln-

c reascd  l ' r om 10  m in  to . l 3  h r . ] {  Work -up  and  i so la t i on  o f  thc
p roduc t  l o l l o rved  tha t  to r  5 .  Compounc l  6 .  ob ta ined  in  55  f  y ie ld .

h a d  m p  1 2 7 - 1 2 8 ' ;  i r  ( C S . , )  3 0 5 0  ( w ) ,  1 7 3 5  ( s ) ,  1 2 3 0  ( v s ) ,  8 0 0  c m - L
(m,  no r t r r cyc lene) .

Anu l .  Ca lcd  tb r  C ,HLrBrHgO. , :  C ,  25 .02 ;  H '  2 .55 .  Foun t i :

C .  2 - + . 9 5 :  H .  2 . 6 1 .
1,1-Dichloro-2.2-diacetoxyethane. Dichloroacenldehyde dieth l  I

ace ta l  ( I f f )  g ,0 . -165  mo l )  r vas  re t l uxcd  lo r  I  h r  i n  200  g  o f  g lac re l

acet ic  acid containrrrg I  g oI  p- to luenesul fonic acid.  The resul t i r rg

mixture rvas dist i l lcd af inost  to dry 'ncss.  rvt t t r  the major  f ract ion ot '

d i s t i l l a te  bo i l i ng  a t  95 -100 ' .  Thc  d i s t r l l a t c  was  t rea ted  w i th  20 t )  g

oI  acet ic  anhyir lc le coptain ing I  g o l '  p- to lucncsul fonic acid ancl

re l ' luxcd tbr  - l  t r r .  The rcact io l t  Intxturc \ \as then dist i l led s lor i i l

t h rough  a  J0 -cm Nes te r -Faus t  Tc t lon  sp inn ing  band  co lumn.

Thc  d i s t i l l a t c  (88  g ,  bp  75 -80 ' )  r vas  p r in tan ly  e thy l  ace ta te .  The

rema in ing  l i qu rd  was  ncu t ra l i zed  rv i th  so l rd  po tass ium ca rbona tc .

and  taken  uo  w i th  c thc r .  Thc  resu l t i ng  so lu t i on  was  d r ied  and

concentrated unt ler  reduced prcssure.  and the residual  l iquid purr-

f i ed  bv  c l i s t r l l a t i on .  bp  67 -70  ( ( ) .1  To r r ) .  ; i c l d ing  88  e  (85 [ )  o t

l . l - d i ch lo ro - l , l - d iacc toxyc thanc .  Upon  s t rnd ing  a t  room tem-

pc ra tu re  th rs  c l ca r  l i qu rd  c rys ta l l i zed  in to  l a rge  p r i sms :  mp  53 -5J  ' :

i r  ( C C l ' )  t 7 3 0  ( v s ) .  1 3 7 0  ( r n ) ,  1 2 2 0  t v s l ,  l l 9 0  c m - '  ( s ) ;  n m r  ( C C l , t

o  6 . 6 0  o  H .  d .  J  :  - \ . 9  H z ,  H C ( O A c ) : ) , 5 . 7 1  ( l  H ,  d .  f / C C l r ) ,  l . t r t

(6  H .  s .  C I t i ) .
r l r u l .  Ca lcd  to r  CoH 'OrC l : :

c .  3 3 . - s 6 ;  H .  3 . 8  t .

! - c l r l o rov in l ' l  r r ce ta te  was  p repared  b t  an  adap ta t ion  o t ' t he

mcrhod dcsclbccl  for  thc preparat ion of  cth ' .1 d-chlorovinyl  ether."

Zinc dust  (65 g)  was added in l0-g port tons to a v igorously st i r ret t

so lu t i on  o f  ammonrum ch lo r ide  (50  g )  and  ammon ium hydrox rdc

(50 ml of  a 2 , ! /  solut ion) in 250 ml of  water  in a three-necked f lask

equipped wi th overhead st i r rer .  condenser.  and dropping funnel '

A^so lu r ion  o l ' cup r i c  su l fa te  pen tahYdra tc  (  l 5  g )  i n  160  m l  o f  wa tc r

was added to the resul t rng suspenslon over a per iod of  l5 min rvr th

vigorous st i r r ing.  To the suspcnsron of  act ivated z inc formed l r r

th is procedure,  l , l -d ichloro-2,1-diacetoxy ethane (0.40 mol)  rvas

aclded rv i th v igorous st i rnng in one port ion.  The react ion mixturc

rvas qurcklv heated in an or l  bath to a bath temperature of  l l ( )

Steam dist i l la t ion commenced and f teat ing rvas maintained unt i l  nc '

t l r t he r  o rgan ic  mare r ia l  appeared  to  d i s t i l  ( 15 -30  m in ) .  The  d rs -

t i l la te rvasixtracted wi th ether and thc extracts rvere dr ied.  Distr l la-

t i on  th rough  a  shor t  V ig reux  co lumn a t fo rded  l2  g  (25  %)  o f  a  c le l r

l i qu id  hav ing  bp  130-14( ) ' .  G lpc  ana lys i s  o [  t h i s  l i qu id  us ing  an

S - i t . 2 0 %  T a E O p  c o l u m n  a t  1 0 0 ' i n d i c a t e d  t h a t  i t  r v a s  c o m p o s e d

ot '  t rvo 'Jompounds in -42:58 re lat ive -"- ie lds.  The f i rs t  _peak 
to

elute was t rarrs-J-chlorovinyl  acet i l te '  hav' ing i r  (CCIr)  3090 (H--

c :C .  m) ,  1774  (C :O.  vs .  r v i t l r  ove r tonc  a t  3520) ,  1685  ( r r r r r t . r

C : C  s t r c t c h ,  r v t ,  1 3 7 0  ( C H r ,  s ) ,  l : 0 5  ( u s t ' m  C - O ,  v s ) ,  l l 0 8  ( s y l r

C-O,  s ) ,  935  c rn - r ( l ra r t s  ou t  o i  p lanc  C-H bcnd ing ,  m-s ) ;  nmr

( C C l o )  A X  q u a n e t ,  o e  6 . 0 9 . ' i r  7 ' 5 2 .  " /  
:  l l ' 0  H z .  l ' 9  ( 3  H '  s '

CH,CO: ) ;  mass  spec t rum (70  e \  )  t n la  l l 0  (12 )  and  122  (4 )  (N l - ) '

43  (  l 0o ) .
. {u l ' .  Ca lcc i  f o r  C . ,H ,O:C l :  C ,  39 .S i ;  H ,  4 '11  Founu :

C . 3 9 . 5 i ;  H ,  + . 1 7 .

r7(r)  D.  A.  van Dorp,  J.  F.  Arens,  and O'  Stephenson, Rec! '  Trut"

C h i n r .  P u - v s - B a s ,  i O , : 3 9  ( 1 9 5 1 ) .

lVltitesirles, StTl Fil ipptt 
' Redtrc'tirtn rtl . l lkv'lmercuric [Iultdc's
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The second isomer to e lute rvas c is-d-chlorovinyl  acetate.  having
ir  (CCl. )  3092 (H-C:C. m),  l77l  (C:O. vs wi th ovenone at
3520),  16.17 (c is C:C stretch.  m).  1.110 in-plane C-H bending of
c i s  C :C  m) .  1369  (CHr .  s ) .  1202  (esym C-O.  vs ) ,  l 072cm- t (sym
C-O. s) ;  nmr (CCI. , )  6 AX quartet  6e 5.60.  , j .  7. -10.  " /  

:  3.5,  1.95 Hz
(3 H. s,  CH'CO,,) ;  i ts  mass speclrum was indist inguishable f ronr
that  of  the t rarrs lsomer.

A n a l .  C a l c d  l b r  C * F I ' O , C l :  C . 3 9 . 8 3 ;  H . 4 . 1 1 .  F o u n d :
C. 39.72;  H.  1.27.  Chlonne analy 'ses for  both of  these com-
pounds rvere consistent l - " -  low: horvever.  their  physical  character-
is t ics leave no doubt concerning their  ident i ty .

2-Chloro-3-acetoxybicyclo[2.2.1]hept-S-ene was prepared by thc
Diels-Alder react ion of  r3-chlorovinyl  acetate and cyclopentadiene.
A heavy-wal led glass tube was charged wi th p-chlorovinyl  acetate
(3 g,  58' l (  c is t  and 5 ml of  f reshly cracked cyclopentadiene.  sealed,
and heated at  120- l -10" for  l2 hr .  A prel iminary separat ion of  the
react ion products was at fected by preparat ivc g lpc on an S-f t ,
?0 % SE-30 on Chromosorb W column. and a mixture of  the isomers
o[  ] -chloro-3-acetoxybicyclo l2.2.1]hept-5-ene was col lected.  Fur-
the r  g lpc  ana lys i s  on  a  2Gf t .  l 5  % DECS on  Chromosorb  W co lumn
at 180'  indicated the presence of  the lbur possib le isomers 7-10
in  re la t i ve  l i e lds  40 :35 :<2 :25 .  g i ven  in  o rde r  o l ' i nc reas ing  re -
tent ion t imes.

The f i rs t  isomer to e lute on the lat ter  column using a carr ier  gas
t low of  25 ccimin (retcnt ion t ime 65 min) rvas r , - ro-2-chloro-ernto-3-
acetoxy 'b ic lc lo[2.2.1]hept-s-cne (7) ,  having i r  (CCIr ,  CS:)  3065
(H-C:C .  m) ,  1730  (C :O,  vs  w i th  ovc r tonc  a t  3 i60 ) ,  1230  (csvn r
C-O.  vs ) ,  1050  (s . v rn  C- -O.  s ) ,  w i th  charac tc r i s t i c  bands  a t  1370
( s t ,  l 1 5 3  ( s ) ,  l l 3 0  ( s ) ,  I 1 6 0  ( m r ,  I  I  l 7  ( s t , 9 5 0  ( s ) ,  9 0 1  ( s ) , 8 6 0  ( m t , 8 1 0
(mt ,  and  710  cm- t (s ) .  I t s  mass  spcc t rum rvas  charac te r i s t i c  o ia  2 .3 -
d i subs t i t u t cd  no rbo rn -5 -cne ,  the  mo lccu la r  i on  o t ' r vh i ch  undergoes
retro-Dic ls-Aldcr  rnd other recognizcd I ' r lgrnentat ion and rear-
r a n g e m c n r  r c a c t l o n s : ; ;  n r r e ,  l S l j  ( 0 . 5 ) ,  I S 6  (  1 . 5 r ,  9 l  ( 1 0 .  t r o p y l i u n r
i o r r t ,  7 9  ( 1 5 ,  1 . 3 - c y c l o h c x c n y l  i o n t .  6 6  ( 3 7 ,  c l c l o p e n t a d i e n y ' l  i o n t ,
5 S  (  l 6 ) ,  l l  (  l ( X ) .  a c e  t r  I  i o n  t .

. ' hu l .  Ca lcd  l -o r  CoH, ,C lO, , :  mo l  w t  186 .0 {J7 .  Found :
mo lw t  186 .0 .155 .

The second isomer to e lutc ( retcnt ion t imc 80 min).  ident i f icd as
ertdo-2-chloro-E.ro-J-acctoxy bicl 'clo[2.2.1]hept-5-ene (8), had an ir
spec t rum (CCl r ,  CS: )  ve ry  s imr la r  to  th r t  o f  7 ,  bu t  l acked  the  bands
a t  1 1 6 0 . 9 5 0 , 8 6 0 ,  a n d  8 3 0  c m - l a n d  h a d  n c r v  a b s o r p t i o n s  a t  9 1 5
( m t , 8 9 5  ( m ) ,  a n d  8 8 1  c m - t ( r n t .  I t s  m a s s  s p c c t r u m  w a s  i n d i s t r n -
guishable t ' rom that  of  8.

,4nal .  Calcd lbr  C,HrrClO::  mol  wt  186.0.1.17.  Found: mol
rvt  186.04^18.

The tburth isomer to e lute ( rctent ion t rnte l - i0 min)  was assigncd
the structure c is-endo-2-chloro-J-acetoxl 'b icyclo[2.2.1]hept-5-ene (9) .
I ts  i r  (CCl ' ,  CS' : )  was aqain very '  s i rn i lar  to rhat  descr ibed tbr  7.
b u t  l a c k e d  t h c  a b s o r p t i o n s  a t .  1 1 1 7 . 9 5 0 .  a n d  9 0 1  c m - t ,  w h i l e  p o s -
s e s s i n g  n e r v  b a n d s  a t  1 7 9 0  ( m .  s h o u l d e r ) ,  l 0 l i 9  ( s t . 9 8 0  ( r v ) . 9 3 5  ( r v ) .
915  ( r v ) ,914  ( r v ) ,  and  90 i  cm- r  (w) .  l t s  n rass  spec t rum was  ve ry
srmi lar  to that  descr ibed lbr  8.

Anal .  Calcd tor  C,H'rClO,:  mol  rvt  186.0-1.+7.  Found: mol
wr 186.0.1.17.

The  th i rd  i somer  to  c lu te  ( re ten t ion  t ime  l l 0  n i i n )  was  no t  p ro -
duced in surf ic ient  quant l t ) -  to obtain an nmr spcctrum. I t  had i r
tCClr)  very srmi lar  [o that  of  9 but  lacked absorpt ion at  13.10 and
1 0 8 9  c m - t w h i l c  h a v i n g  n e r v  b a n d s  a t  1 2 3 5  a n d  l l 3 5  c m - t .  I t s
mass  spec t rum was  ve r ,u -  s im i la r  to  those  o I7 -9 ' .  m le  188  (0 .3 )  and
1 3 6  ( 1 . 0 .  \ 1 * ) .  9 l  ( 1 5 ) ,  8 0  ( 2 5 ) ,  7 9  ( . 1 3 ) ,  ( 1 6  ( 2 0 ) ,  5 3  ( 8 0 ) .  . 1 3  ( 1 0 0 ) .
On the basis of  th is spectra l  evidencc the tentat ive assignment ot '
ls-e-ro-bic1 'c lo[2.2.1]hept-5-cne (  t0) .  is  made to th is isomer.

3-Chloro-5-acetoxl ' t r icy 'c lo[2.2.1.0: ,6]heptane.  Norbornadiene
(1 .0  mo l )  was  d i sso lved  in  250  m[  o t ' g lac ia l  ace t i c  ac id  to  wh ich
sufiicient sodium acetate rvas then addcd to l 'orm a s.rturated solu-
t lon.  Cir lor ine r .vas l rubbled througir  th is mixture rv i th mechanical
st i r r ing rvhi le the react ion temperaturc \ ! ' i is  maintained at  cn.  20' .
\ ! 'hen I  mol  o l  chlor ine had been absorbed. rhc react ion mixture
was  neu t ra l i zed  w i th  so l i d  po tass ium ca rbonare  and  the  o rganrc
la! 'er  extracted into ether,  dr ied,  and concentrared by dist r l la t ion at
l0 Torr .  The residual  t iquid d ist i l led ar  6.1-65" (0.2 Torr) .  Glpc
anal ." -s is on a 20-t ' t .  l5 I ;  DEGS column indicated rhe presence of
several  ma1or coml)oncnts.  Thc last  t rvo peeks to e lute ( retentron
t imes i20 and l l0 mrn,  respect ively)  rvere col lected.  The f i rs t
isomer,  to which is  assigned the structurc e.vo-2-chloro-endo-S-
lcetoxytr ic l 'c lo[2.2.1.0! '6]heptane (11),  had i r  (CCIr ,  CS:)  1065

(cyc lop ropane  C-H.  m) ,  l 7 -10  (vs ) ,  1235  (vs l ,  1050  (s ) ,  830  (no r -

t r icy 'c lene' ;6 (s) ,  togethcr wi th character is t ic  absorpt ions at  1375
( s ) ,  1 3 6 0  ( s ) ,  l 3 l 5  ( s ) ,  1 2 9 5  ( s ) .  l l 7 0  ( r t t l ,  l l 7 0  ( m ) .  l l 3 5  ( m ) ,  l 0 6 t )
(mr ,  960  (mt .  9 i8  (m) ,  and  9 l l  cm- '  (m) ;  masLspec t rum.  / / ?  d
1 8 8  0 ) ,  1 8 6  ( 3 ) ,  1 5 2 ( 9 ) ,  l 5 r  ( 1 0 0 ) ,  1 0 9 ( - 1 9 ) ,  8 1  ( 2 s ) ,  7 8 ( t 2 ) , 4 3  ( 8 i ) .

. b tu l .  Ca lcd  lo r  C ,Hr rC lO: :  C .  57 .91 ;  H ,  5 .91 ;  C l ,  19 .0 - ' i .
F o u n d :  C .  5 7  . 7 1 ;  H .  5 . 9  I  ;  C l .  1 8 . 9 7 .

Tlre second isomer elutcd was assigned the structure exo-2-chloro-
e.ro-5-acetoxytr icy 'c lo[2.r .1.9: ' r lheptane (12).  I ts  i r  (CClr ,  CSr)
rvas  s im i la r  to  11 :  3065  (m) .  l 7 - l ( )  ( vs ) ,  1235  (vs ) ,  1050(s ) ,820  (no r -

t r i cyc lene  band . r6  s ) ,  a long  rv i th  cha rac te r rs t i c  absorp t ions  a t  l - l - 5 t )
( m ) ,  1 3 7 2  ( m l ,  1 3 6 0  ( m ) ,  l 3 l 0  { m ) ,  1 2 9 0  ( s ) ,  1 2 6 5  ( m ) ,  1 2 0 5  ( m r .
I 1 3 0  ( m ) .  l 0 l 0  ( m l ,  9 3 0  ( m ) ,  9 0 5  ( m t .  a n d  S 8 - l  c m - t  ( m ) .  l t s  m a s s
spec t rum was  ind is t i ngu ishab le  i rom th l r t  o f  11 .

Ar ra l .  Ca lcd  fo r  C ,H ' rC lO , :  C .  57 .91 :  H ,  5 .94 ;  C l ,  19 .0 ,1 .
F o u n d :  C . 5 8 . 0 1 ;  H . 6 . 0 5 ;  C l .  1 3 . 7 5 .

3-Acetoxy'nort r icy 'c lene (13) rvas sy nthcsized by the l i terature
procedureTs and isolated by preparat ive glpc on a l2- f t ,  I2T'TCEO| '
c o l u m n :  i r  ( C C l * )  i 0 6 5  ( m ) .  l 7 l 5  ( v s ) .  1 2 3 0  ( v s ) .  a n d  l 0 - l l  ( s )

c m - r :  n m r  ( C C l { )  6 1 . 5 6  ( l  H .  s .  f f - C - O - A c ) ,  1 . 9 2  ( 3  H ,  s .  - O C -

( O ) C H r ) , 2 . 0 5 - 1 . ( ) 5  ( 8  H ,  m .  n o r t r i c , , ' c l c n c  p r o t o n s ) ;  r n / e  l 5 l  ( 1 3 .

N I - ) .  l  l 0  ( 2 1 ) , 9 2  ( 6 1 ) , 9 t  ( 5 0 ) , 7 9  ( l l ) , 6 6  ( - 1 5 ) ,  - 1 3  ( 1 0 0 ) .

cut t i -7- , \cetor l 'norborn-2-ene (  16) was prepareC by ref luxtng
Lu t t i -7 -hyd roxy  no rbo rn -2 -ene i r  (0 .S  g1  in  1 .5  m l  o f  t resh ly  d i s t i l l ed
acc t i c  anhydr ide  con ta in ing  0 .1  m l  o t ' d r r  pynd ine  fo r  30  m in . " )
r r r r r -7-Acetox-vnorborn- l -ene rvas isolate d I ' rom t l ' t is  react ion mi. r turc
by col lect ion f rom preparat ive glpc usrng a,3- t ' t .  l0  % SE-i0 column at
120 '  and  reco l l ec t i on  f rom a  l ( ) - t ' t .  l 5  i  TCEOP co lumn a t  l l ( l ' :
i r  t C C l , )  i 0 6 0  ( m ) ,  l 7 l 0  t v s ) ,  l : 1 0  ( v s ) .  a n d  l ( ) 5 0  c m - t ( s ) ;  n n r t
( C C l , )  6  6 . 0  ( l  H .  n r .  H C : C H  ) . - 1 . : 5  t l  H .  s .  / / C O A c ) , 2 . 7 5  ( l  t l .

b r  m .  b r idgeheeds) ,  1 .90  ( l  H .  s .  C I I ,CO, ) .  1 .9 ( ) -0 .80  ( - l  H .  n r .

C-2 and C-3 protons);  , r r i 'c '  9- l  (10()) .  - l ' l  ( lS) .  s . r ' r r -7-Acetoxynor-
bo rn -2 -ene  (15 )  r vas  ob ta ined  l s  . t  g t l ' t  l ' r t rn t  D rs .  W.  Bun t tng : t r t t i
W. C. Baird (Esso Rcsearcl t  lnd Enginccr ing Co).  endo'  t r t t l

e .v( / -2-acetoxynorborn-2-ene (  l+ lnd 17 |  \vcre purchased as i , l

m ix tu re  (  -70 'no  e t r r l o l  I ' r om A ld r rc i r  C l t cn t i c l l s .  The  ind iv id r ru l

i somers  wcrc  i so la ted  by  p rep r r t t r vc  g lpc  on  a  l 0 - [ t ,  l 5% TCEOI '

co lumn a t  120 ' .  T [e  spcc t r l t l  cha rac tc r i s t r cs  o f  t he  second  i son tc r

to  c lu tc  r vc re  i n  good  ag reen lcn t  w i t l l  t hosc  repor ted  fo r  l { . J I  l r

rvhi le thosc tor  thc f i rs t  isomer cotnctdcd rv i th data reported l 'or

17 . , i : , r ; l
Procedurcs for  Reduct ions.  Simrlar  l l roccdt t res were used t , ' r

i :arr -u-  out  thc reduct ive demercur i . l t tDn re i lc t ions tbr  a l l  of  the organ()-

mercury compounds examtned. Rcprcscl l tat lve procedures l 'or

e ' lch orgunorncrcury reagcnt  lb l low' .
Reduct ion of  \eophylmercur ic Bromidc ( l )  Using Sodium Boro-

hydr ide .  I1  a  t l p i ca I  exper tmen t  ( ) .099{ )  g  ( ( ) .2 - l { )  mmo l )  o f  l  anc l

0 .07 -19  g  o t ' undccanc  (an  in te rna l  g l l l c  s tandard )  were  p laced  in  a

l2-ml graduatcd ccntr i t i rge tuL'e.  Thc t r - rbe was capped wi th I

No-A i r  s toppe  r  and  l l us i red  rv i th  p rcpLr r r t i ed  n i t rogen .  THF ( - l  r r t l l

r vns  ac ldcd .  and  1 .0  m l  o ia  0 .15  .11  so i r . r t i o r r  o i  sod ium borohydr rdc

in  - r : l  THt - - -HrO ( i  . 11  in  NaOH) rvas  in jec ted  by  sy r inge  in to  thc

resu l t i ng  so lu t ron .  E lemen ta l  mcrcu ry  p rec ip i ta ted  immed ia te l r .

Al ' ter  dry ing,  rhe react ton mixture rvas analyzed wi thout  funhcr

work -up  on  a  2 - l - t ' t .  0 .125- in .  commerc ia l  H i -Pak  SE-30  co lumn
(Herv le t t -Packard )  a t  90 ' .  The  p roduc t  i n  t f l ese  and  the  fo l l owrng

recluct ions of  1 was ident i f ied L ' ry compar ison of  i ts  g lpc retent lorr

t ime and mass spectrum rv i th that  o l '  an authent ic  sample ol '  t -

buty ' lbenzene.
Using Diethl ' la luminum H1'dr ide.  Ccrnrpound 1 (0.140 g,  0.-1- l ( )

mmol)  and 0.121 g of  hexadecane (an internal  g lpc standard) ' ,verc

placed in a 12-ml centr i l 'uge tube;  the tube rvas capped and f lusheci .

Anhy'dror . rs ether ( i - - l  mi)  rvas added. and () . -15 mt (0.85 mmol)  ot '  a

decane solutron of  d iethyla lumtnum deuter ide was in jected l r r

sy r inge .  E lemen ta l  mcrcu ry  p rec rp i ta ted  immcd ia te l y .  The  reac -

t ion mixture was c: tLt t iousiy h idroly 'zed and dr ied.  The hydrt t -

carbon f ractron of  interest  rvas tsolated by tota l  col lect ion f rc lnr
preparat lve glpc usrng a l l - f t .  :0% TCEOP on Chromosorb w

(78)  S .  J .  Cr is to l ,  \ ! ' .  t ( .  Se i fe r r .  D .  \ ! ' .  Johnson,  and J .  B .  Jura ic ,

J .  A m e r .  C h e m . . S o c . , 8 ' 1 .  1 9 t 8  ( 1 9 6 : ) .

t 7 9 )  O b t a i n e d  i r s  a  g i f t  t ' r o m  D r .  P .  J .  S t l n g  a n d  P r o t t s s o r  P '  v .  R .

S c h l e ) ' e r  ( P r i n c c t o n  U n i v c r s i t y ' ,  P r t n c c t o n ,  N .  J . ) .
(80)  Th is  p rocedure  is  an  adapt . r t ion  o t '  a  s imi la r  method used t ' - t

syn thes ize  the  tosy la te  o f  a r r l -7 -hvdroxynorborn-2-ene [S .  Wi l rs te l r l

a n d  M .  S h a t o v s k y ,  J .  A m e r .  C h e m .  S o c . , 7 8 ,  5 9 1 ( 1 9 5 6 ) 1 .
( 8 1 )  P .  L a s z l o  a n d  P .  v .  R .  S c h l e y c r ,  i b i d . . 8 5 , 2 7 0 9  ( 1 9 5 3 ) .

(82) W. L. Dilling, R. D. Krocnins. itnd J. C. Li!.le' ibid ' 92.925
(77) S.  J.  Ct is to l  nd C. W. Nnchl ig l l l , , / .  Org,  Chen,,32,3723 (1970);  E.  w.  C.  Wons i lnd C. C.  Lec,  Cdn.- / .  Chen.,  t2 '  1245 ( l96al

(1967).  133) J.  A.  Berson, , {ccouts chen. Res. , l ,  15:  (1968).
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c o l u m n .  D c t r r l e d  l n a i r s r s  w a s  c r r n e d  o u t  b y  r e i n j e c t i o n  o f  t h e
c o l l e c t e d  m a t e  n J i o n t o  t h e  H r - P l k  c o l u m n  d e s c n b e d  a b o v e .

Us inq  I  l 1  d r rdo (  t r i - , r -bu t r  l phosph ine )copper (  l ) .  Compound  I
r ( l  ( )717  g .  , )  l - J  rnmo l ) .  e  Te f lon -covered  s t t r r i ng  ba r .  and  0 .0597

S , r l  r rnJc : lnc  r rn rc rn t l  g lp .c  s tand l rd )  w 'e re  p laced  in  r  40 -m l  cen -
t r r t u g e  t u b c :  t h e  t u c c  \ ! a s  c a p p e d  a n d  t l u s h e d .  T H F  ( l - 2  m l )  w a s
. rd . i cd  t ( r  i ' r t nq  lhc  comconcn ts  l n to  so lu t i on .  To  th rs  so lu t ton  was
a d . l e d  b r  s r r r n g c  5  m t  l ' l - l  m m o l )  o f  a  l : l  E t , o - T H F  s o l u t l o n  o t '
h \  J r l do r  tn - / r -ou t \  i p l t osphrne tco l rpe r (  l ) .  The  reac t ion  m ix tu re  r vas
\ t l r r cd  l ' o r  I  i t r  J t  room tcmpera tu re .  Concen t ra ted  hyd roch lo r i c
ac rJ  r t ) . 1  m l )  was  addcd  and  the  da rk  b rown  reac t ion  m ix tu rc
) r . r kcn  v rgo rous ly  r v r t l t  occas iona I  ven t ing  lb r  5  m in .  Wate r  (0 ,5

mir  end t iv 'e pel lets of  NaOH rvere addecl .  and the react ion mixture
' , r l s  aga in  shaken  l ' o r  5  m in .  then  cen t r i t uged .  The  resu l t i ng  c lea r
r)rJn-JC-te[ l ( )w organtc la-"-er  $ 'as t ranslcrred to a c lean vessel .  dr ied.
rnu lnr l r  zecl  r ' , r thout  fur ther ' ' ,vork-up as dcscrtbed previously.

Us inq  T r i - r r -bu ty ' l t i n  F I "v -d r ide .  Compouud  I  ( ( ) .1 I  g ,0 .27  mmol )
r , , : r s  p laccd  rn  e  l 2 -m l  cen t r i l uge  tube  end  the  tube  capped  and
i lu>he. j .  Tr i - r r -Lrr . r t -v- l t rn hydr ic le t  1.0 ml)  rvas added to the tube by '
\ \  l - i i l gc  r r  r t h  snak rng .  An  in rn red rs te  exo thc rm lc  reac t ion  occur red
. r r . i  c l cn re r r tu l  mcrcu r )  p rcc rp i ta ted .  Carbon  te t rac i r l o r tde  (  1 .0
n ' , i r ' . r r s  i rddcd  to  e ies t ro ; -  t he  e rcess  t i n  l ' r l d r i dc  and  the  re l t c t i t t n
n i r \ t r l r c  rnu ly  zcc l  r s  dcsc r  Ibcd  above .

Reduct ion of  l } r rny ' lmcrcur ic Bromide (2)  I - rs ing Sodium Borohl ' -
d r idc .  D ie th r  l a l rm inum I  I y ' d r i de .  I  I 1 'd r ido (  t r i - r r -bu t1 ' l phosph ine ) '
coppc r ( l ) .  and  T r i - r r - l l u t1 ' l t i n  I { vd r idc .  The  reduc t ton  o l '  2  r v i t s

l rc l i ' r ) r 'urcd . r t  ro()n l  tcmpcr l t i .urc usl | lg proccdures stmt lar  to thosc
cn t i r i ! ) \ c r t  i t ) r  red r . r c t i ons  o t '  I  by  thc  s l tme  hv r l r i dcs .  Typ ica l  cx -

I c r - r rncn ts  cmp ioy ' cd  thc  l b l l ow ing  c1  uan t t t t es  o l '  reagen ts :  2  (  -0 .42

r n n i o l r .  \ u B D '  t - ( ) . 5  r n m o l ) ,  - l : l  T H F - H , O  ( l  . t I  i n  N a O H )
' i .  r  1 1 1  l r .  I  l - 0 . 5 8  m r n o l ) .  E t , A l D  ( - ( ) . 8  r n n r o l ) .  e t h e r  ( 5  r n l t :
I  r - r ) . r f i  r r r m o i ) .  B i r , P C u D  ( - - l  m n t o l t .  - 1 : l  T H F - E t : O  ( 5 . ( )

m r r :  f  r - r ) . 6 9  m m o l ) .  B u r S n D  ( - I  m r n o l t .  C l l t c  a n a l y s e s  a n t l
t : l c :o l l ec t ron  ( ) l ' p roduc ts  t ' r om a l l  r c t i L rc t t t l ns  o l ' 2  r ve re  ca r r i ed  ou t
on  . r  : - l - l ' t .  t ) .  125 - i r r .  H r -Pek  SE- - r0  co l r r rnn  r t t  70  rv t th  decane  as  a t r
r r ' , l e  r n r r l s t a n d a r d .  1 . 7 . 7 - T r i m c t h r  l b i c r c l o [ ? . 1 . 1 ] l t c l t t a n e  r v a s  i d e n t t -
l t c J ' r r  c o m p u r i s o n  o l ' i t s  g l p c  r c t . c n t l o n  t r m e  a n d  i r  s p e c t r u m  r v t t h
t i t , 1 : e  J t  l n  l r u t h c n t i c  s a r n p l c .

l{cductir-rns of r'.r(F and ttrtltt-2-rutrhornl lmercuric bromidc (3

:rnd - l )  us ing sodium borohvdr ide.  d iethr  l : r luminum hvdr ide.  h1'dr ido-
( t r i - r r -bu t r  l p l rosph inc )copper (  I ) ,  and  t r i - r -bu t r  l t i n  hvd r idc  r ve rc  ca r -
r : c t i  ou t  a t  roonr  ten l l ) c ra tu rc  us iug  p rocedures  s tmt la f  t o  those  used
lo r  r cduc t ro r r  o l '  I  us rng  thc  samc hydr i r i cs .  Typ ica l  expc r lmcn ts
c l l l i r ) ) c d  t h e  l ' o l l o w r n g  q u a n t i t i c s  o t ' r c a g c n t s :  3  o r  4 1 - ( ) . 5  m m o [ ) .
\ . r l l D .  r - ( ) . 5  m r n o l ) .  l : l  T H F - H , O  ( l  . \ . 1  i n  N a O H )  ( 0 . 5  m l t :
J  , - r r  - [  ( - r ) . - 1 8 ) ,  E r , A l D  (  - ( ) . 8  n r m o l ] .  c t h e r  t 5  m l t ;  3  o r . [  ( - ( ) . ] t j

r r n r o l ) .  B u , P C L T H  r - l  m m o l ) .  - 1 : l  T l - { F - E t , O  ( 5 . 0  m l ) ;  3  o r  - [
1  - { ) . - i - i  r n r n o l ) .  B u , S n H  (  - l  m m o l ) .  ( l l r . c  a n a l y s e s  a n d  c o l l c c t i o n
r ) l  l ) r ( )duc t i  o t ' a l l  redLrc t i o r r s  o t ' 3  and  - l  r vc rc  ca r r i c t i  oL t t  on  a  3 - l ' t .
l { ) ' ;  UC-w9 ,J  co lL rn r r r  a t  90  w l th  oc tJnc  o r  nonanc  as  an  in t c rn l t l
g ipc  s t i i nda rd .  Norbornanc  was  iden t r r red  by '  compar i son  o f  i t s
g lDc  re ten t ron  t imc  and  mass  spcc t rum \ ! r th  thosc  o t ' an  au then t t c
samp le .  Eprmcr rc  coml tos i t i ous  o i  t he  m ix tu re  o i  e ru lo -  And  c ' . ro -
norbornane- l - r / ,  dctermir-red b-" '  i r  lna[1sis ot '  col lected samples ot '
n o r b o r n a n e  a r e  s u m m a n z e d  i n  T a b l e  l l .

Inf rared anal l 'ses of  the epimcr ic composi t ion of  a.uo- tnd,  et tdo-
norbornane-2-c/r  w€t  e carr ied out  usrng thc character is t ic  bands
ass rgned  b1 '  N ickon  and  Hammonsr  i n  the  hngerp r in t  reg ion .  Thc
resu l t s  o t '  t hese  ana l l ses  ' , ve rc  con t i rmed  by  compansons  o f  the r r
spcctra o l '  t l te epimenc mlxt l r res ol '  c .vrr-  and sr t r ld-norbornane-2-t / r
ob ta ined  t ' r om the  reduc t lons  summar tzed  in  Tab le  I I  r v i t h  m ix tu res
o i  kno r , ' n  ep imer i c  compos i t i ons  P1gp3 . .d  f rom au then t i c  samp les
ot '  thesc dcuteratccl  norbornanes.  . , . rn- l -Norbort ' lcn€-r / r  (  > 99' i

e. \o)  \vas prepared using a l i terature proccdure:d t  eruto-2-nor-
bornane-r i '  ( -96 =t  5 l ;  grrr lo)  rvas prcparcd by reducing etrcto '2-
no rbo rn l lmercu r i c  b romide  rv i th  l ' i  sod ium ama lgam in  D ,O.
The  ep imer i c  pu r t t v '  o t ' t h i s  ma te r ia l  was  assa) /ed  by  compar tson  o l '

i t s  C-D  s t re tch ing  pa t te rn  (CC l r  so lu t i on t  r v i t h  those  o f  so lu t i ons
ot '  norbornane- l - / r  prcpared by react ion of  prredomirranl [1 '  crr r lcr-
no rbo rny  lmagnes iu rn  L r romidcJs  rv i th  D ,O-CH ,OD-DCl  ( - l  : 5  :  I  )
l t  -  i 0 ' . "  I n  ou r  hands .  ana ly ' ses  o t '  rT l i \ t u res  o i  l - no rbo r f l ooc - r / r
o l '  kno rvn  ep imer tc  co rnpos i t i on .  us rng  thc  l r roccdure  u t i i i zed  lo

( S - l ;  g .  C .  B r o r v n  l n d  h .  J . . ! l u r r a ; - ,  J .  O r q .  C h e n t . ,  1 6 . 6 3  I  ( 1 9 6 1 ) :

H.  C Brorvn  and J .  H .  l (awakami ,  "1 .  . {n te r .  Chetn .  Soc . ,  92 ,  1990

r 1 9 7 0 ) .
( 8 5 )  F .  R .  J c n s c r t  a n d  I i .  N a k a m a y c ,  i b i r l . . 8 E .  i ' 1 3 7  ( 1 9 6 6 ) .

t 3 6 )  T h c  c p i m c r i c  c o r n p o s i t . i o n  o f  t h c  C r i g n r t r c t  r c l t g c n t  r v a s  a s s a y c d

i n  l u r r t  b y -  c o n v c r s i o r t  ( o  l - m c t h y l r t o r b o r n . t t t e  r ' , t t h  r c t c n t i o n  o t ' c o r r -
r i i u r l u o n .  r
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examinc the l -norborf l t f l€- l r  obtained l rom reduct ions,  gave values
in  ag reement  w i th  the  "known"  compos i t i ons  w i th  a  max imum de-
v r a t i o n o t  < * 5 ? ; .

Recovery of 3 and .l from Partial Reductions Using Sodium Boro-
hvdr ide .  So lu t rons  o f  3  (1 .40  g ,  -1 .7 - l  mmo l )  o r  o f  4  (1 .40  g ,  3 .71
rnmol)  in THF (2 ml)  

"vere 
placed in l2-ml centr i fuge tubes.  The

tubcs were capped and t l t rshed rvr th n i t rogcn.  The addi t ion of  l
ml  ot '  a 0.25 .11 solut ion of  sodium borohydr ide (2.0 mmol)  rn
3 : l  THF-H:O (J  , l /  NaOH)  to  each  vesse l  p roduced  an  immed ia tc
precipr tate of  e lemental  mercurv.  The resul t ing mixtures werc
dr ied and f i l tered.  Evaporat ion to dryness under reduced pressurc
produced in each instance a whi te sol id rvhose mel t ing point  and rr
spectrum (CS,:)  were indist inguishablc f rom those of  the star t ing

mercur ia ls.
Reductions of cis-e.ro-bic5rclo[2.2.1 lhept-5-ene-2-lcetoxy-3-mer-

cur ic bromide using sodium borolrvdr ide.  hydr ido(t r i ' r r -buty lphos-
phine)copper(l). rrnd tri-r-butyltin hydride r,vere carried out at room

temperature using procecl t t res s imr lar  to those used for  reduct ion ol '
1 by rhese hydr ides.  Typical  expertmcnts employed the fo l lorv ing
q u a n r i r i e s  o t ' r e a g c n t s :  5  o r  6  (  - ( ) . 3  m m o l ) ,  N a B H r  ( - 0 . 5  m m o l ) ,
l : l  T H F - H , j O  ( 3  , ! /  i n  N a o H )  ( 1 . 0  m l ) :  5  o r  6  ( - 0 . 3  m m o l ) ,
H C i r P B u .  ( - 1 . 0  m m o l ) , 3 : l  T H F - E I , O  1 5 . 0  m l ) ;  5  o r  6  ( - ( ) . 5

mmol ) .  BL r , rSnH (  . - ( ) .85  mmol ) .  nca t .  C lpc  ana lvses  and  the  co i -
l ec r ions  o t '  p rc lduc ts  wc re  ca r r tec l  t l L t t  us tng  a  20 - t t ,  l 5 [  DEGS o r r
Chromosorb  W co lumn a t  110 '  r t s tng  pcn tadecane  as  an  in te rn l r i
g lpc standurd.  l ) roducts were ident i l ied b-"-  compar ison of  therr
g lpc  re ten t ion  t lmcs  and  i r  and  m lss  spec t ra  w i th  those  o f  au then t rc

1 3 .  1 6 .  a n d  1 7 .
Rcduction of ,:.ro- ttnd ando-2-\rtrbornvl Chloride with Tri-ir-

bu t - " - l t i n  Deu te r ide .  c . vo -2 -No tbo rn l l  ch lo r i c le  (1 . ' 13  g ,  l . l  mmo l t .

t r r - r r -bu ty ' l t i n  c leu tc t  rde  t0 . .1 i ( )  g ,  1 .5  mn t t l l ) .  and  severa l  f f I 9  r r l

A IBN r ' , ' e rc  p leced  in  a  - l - i n . ,5 -mrn  g lass  tube .  .A l ' t e r  f l ush i r lS  thc

tube l ; r re l ly  r ,vr th preptrnhcd nl t rogtn.  thc tube rvas sealed ancl
i r radiatcci  tbr  I  hr  ' ,v t th a chrt l t r letogr l rphic hand scanner.  Thc
rc l tc t lOt ' l  nt i r turc was t re l t ted wl(h i . t l l  cc lual  v 'o lutne of  CarbOn tetr l i -

c i r lorrde bclorc analy 'z ing b-"-  g lpc otr  an i ' l - l ' t .  l0 ' ' ;  UC-W98 columrr

a t  9 ( ) '  and  co l l cc t tng  thc  no rbo rnanc - l - , / ,  .  Rcduc t ion  o f  endo- ) '

no rL - .o rn1  l ch lo r i r l c  r vas  ca r r ted  ou t  us lng  a  s rm i la r  p rocedure .

crrr l r - l - l -Norbornl  I  chlor ic lc  rvas demonstrated not  to isomerizc

under  thc  reduc t ton  cond i t i ons  bv  ca r r ! ' i ng  ou t  the  reduc t ion  us ing

an  cxcess  o t '  n t r r t ' l o rn1  I  ch lo r rdc .  .A t  thc  conc lus ion  o f  the  reduc -

t ron .  un rcac tcd  ha l i dc  r vas  i so la tcd  l r y  g lpc :  i t s  r r  spcc t rum was  ln -

d i s t i ngu ishab lc  t ' r om tha t  o l ' s ta r t l ng  mate r ta [ .
T r i - r r -bun ' l t i n  I l vd r ide  Reduc t ion  o f  7 .  3 .  9 ,  11 .  and  12 .  A t r -

p rox i l ra te  l y  lO- i r l  samp lcs  o t ' 7 .  t t .  9 .  I  l .  l nc l  l 2  r vc re  t rapped  d i rec t l l

l ' r om g lpc  i n to  - i -mm g lass  tubcs  l rnd  d i l r r t cc l  r v t th  100-p l  po r t l ( )n \

o l '  pcn tanc .  T r t - r r -bun l t i n  h rd r rd r :  { - l ( ) - i ( )  p [ )  w 'as  added  a lo r tg

w l th  Se ! ' c ra I  rng  t t f  A IBN.  Thc  rc l l c t l t ) l l  t n l x lu res  were  deg l t ssc t i

b1  seve  r l I  l ' r cczc - t Ia rv  cvc l cs  ( l t c lL r rd  I l l t r og tn .  I  To r r . ) ,  sea led .  l t n t i

i r rad ia tcd  wr th  l ong -wave leng th  t t l t rav to l c t  l i gh t  t ' r om a  ch roma-

tographic h l rnt l  scanner t 'or  30 mrn at  l - i  The acetate isomers

\rv 'cre Separatcd l rorn othcr  products in t l te reoct lon mtXtUre On an

E-t i .  :0T UC-wglJ on Chromosorb W column. then repassed t -or

ana ly ' s rs  an t i  co l l ec t l on  on  a  l 0 - l ' t .  l 5 ' ' ;  DEGS on  Chromosorb  \ \ '

c o l u m n  a t  l l ( )
Each  o f  the  s te r t i ng  n ta te r ta l s  7 .  l t . 9 .  11 .  and  12  i vas  t rea ted  ind r -

v idua l l v  w , i t h  t r i - i r -bu tv l t i n  ch londe  t tndc r  cond i t i ons  s im i la r  to

those  emp loved  in  the i r  reduc t ton  b r  t r l - / r -bu t . v - l t i n  hyd r ide .  S tmt -

la r  exper tmcn ts  were  ca r r ted  ( )u t  \ \ ' l t h  each  o f  the  p roduc ts  l 3 '

1 .1 .  15 .  16 .  and  17  in  the  p resencc  o l ' t r t - r t -$ r , t t y ' l t r n  hyd r ide  and  ch lo -

r ide.  Clpc analr  srs and i r  spectr l i  o l '  these cornpounds af ter  recle-

mt t i on  in  a l l  i ns tances  ind ica ted  tha t  no  t s t lmer i sm had  Occur red .

\ . \ -Di- r -btr t i ' l -O-2 'norbornl ' lh1 'dror1 ' l rmine (2{) .87 To 5 ml ot

an  e the r  so iu t l on  o i  ( ) .1  , I 1  l - r ro rbo rn r lmagnes i r rm b romide  ( -  l ' -<

m m o l )  w a s  a d d e d  d i - r - b u t y l  n t t r o r i d c t ;  1 - Q . 5  g '  3 . 5  m m o l )  r t t

an rb i cn t  tempcra tL t re  un t i l  t he  reac t to t r  rn i x tu re  became pa le  r c t ' t .

The  so lu t ron  was  r rea tcd  rv i th  t  m l  o t  l  . 11  su l fu r i c  ac id  anc i  t hc

e thc r  l aye r  r vas  scpara ted .  G lpc  lna ivs l s  (S - l ' t .  l 0 [  squa lane  on

CI romosorb  P  l r r  ] l ( )  ) sho rved  t r r , l  L ' c1 rk5  o l ' l ong  re ten t ion  t ime .  : l l

ad t l r t ron  to  no rbo rncnc  l rnd  l t o r [ ]o rn i . l nc .  Thc  peak  Of  l onger

rctenr ion t rnrc ( - l ( ) ' l  bascd on ( l  r tgnard reagent)  was assl 'Jncd

s r ruc tL r re  24  on  thc  L ras ts  o l ' spec t re l  de ta :  I r  (CC l r )  2970 ,  l 9 l0  ns t .

l S . i ( ) .  l l 3 0  ( m t ,  1 . 1 7 0  ( m ) ,  1 1 8 0 .  l - r 5 , i  ( s ) .  l l 8 5  ( s ) ,  9 8 0  ( s ) ,  a n d  9 1 5

( m )  c m - r ;  m i t s s  s p e c t r u m  ( 7 0  c \ ' \ .  t n ' e  i 3 9  ( 1 .  I 1 * ) ,  1 9 5  t  l l l '

9 5  ( i 0 0 ) .  8 9  ( 6 - 1 ) .  7 - t  ( - t l ) .  i 2 l l t ) ,  6 7  ( l - l ) '  5 7  t 5 l t .  5 6  ( 1 6 ) '  4 l  ( 6 0 ) '

Arut l .  Calcd t 'or  Cr;H:rNO: mol  rvt  l -19 ' l l :19 '  Found: mol

rv t  1 i9 .1265 .

(S7)  Th is  p rcp l i l t t ig6  . r r rd  rhe  t i r i l 6w i r tg  re r iuc t io l l  were  f i rs t  car r t ;u

o u r  i n  t h e  s c  I . t b o r . t t o r t c s  b y  ! l r .  J . r c k  C ' r : r s c n '

L L ' l t i r , ' . s i t l t s .  S r t r t  [ : i l i p t t r t  R e t i t t t ' t i , ' r t  r t t  ' l l k v ' l m e r c u r i c  H u / t ' l e :
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The peak rv i th shorte.  . . t .n i ion t ime rvas assigned the binorbornyl
structure on the basis of  mass spectra l  data (70 eV);  mle l9 l  (6)
( i \ t  +  l ) .  1 9 0 ( 3 - t )  ( i v l " ) , 9 5  ( 1 0 0 ) .

Anal .  Calcd for  CrH:z:  mol  wt  190.1722. Found: mol  wt
190 .172 .1 .

Rcduction of N,N-Di-t 'butyl-O-2-norbornylh,'"droxylamine. A
mix tu re  o f  b ino rbo rny ' l  and  21 ( -10  mg,  i so la ted  by  g lpc  l rom the
so lu t i on  ob ta ined 'by  reac t ion  o f  2 -no rbo rny lmagnes ium b romide
w i th  DTBNO)  was  a l l owed  to  s t i r  a t  room tempcra tu re  fo r  l 2  h r
in  I  m l  o f  hexamethy lphosphoramide  con ta in ing  -80  mg o [  so -
dium. i8 Ether (  l0 ml)  was added to the react ion mixture aud excess
sodium was destroyed by addi t ion of  methanol .  The ether layer
was separated.  washed wi th three i -ml  port ions ol  water ,  dr icd
(N{gSOr),  and concentrated.  Glpc analysis of  the residual  solut ion
shorved that  the 2-rrorbornanol  present had epimer ic composir ion
9 5 /" e.ro an,J 5 \ cndo.

Reduction of Norborn.v-l-2-mercuric Bromide in the Prescnce of
Di-r -buty l  Ni t roxyl .  In a typicaI  exper iment,  endo-2-norbornyl-
mercur ic brornide (4)  (0.27 g,  0.71 mmol)  and 0.123 g of  tetradecane
as internal  g lpc standard were placed in a l2-ml centr i fuge tube.
THF (0 .5  m l )  and  DTBNO (2 .0  m l .  - l - l  mmo l )  were  added ;  the
tube rvas copped wi th a serum stoppcr,  and f lushed br iet iy  wi th
n i t rogen .  The  add i t i on  o t '  1 .0  mmol  o f  a  so lu t i on  o f  sod ium boro -
hydr ide  ( l  , ) I ;  - . 1 : l  THF-HrO (3  , \ ' 1  NaOH) l  t o  th i s  so lu t i on  a t
room tempcrr ture l r roduced an immediate react ion accompanied by '
p rec ip i ta t i on  o l '  mcrcu ry .  A l ' t e r  d ry ing  ( iV lgSOr t  and  add ing  a
rve ighed  amoun t  o t ' t e t radecanc  ( i n te rna l  g lpc  s ta r rda rd )  the  reac -
t i on  m ix tu rc  was  i . rna l - vzed  on  a  l 2 - l i .  l 0 'T  UC-W98 co lumn a t
200' .  A l0:r ;  yre ld of  2{  was obser l 'ed.  Norbornane and nor-
bo rnene  were  no t  obsc rved  (<5%)  and  the  rema in ing  p roduc ts
cou ld  no t  bc  read i l y  rden t ihcd .  Repe t i t i on  o f  th i s  exper imen t  us ing
c . ro -2 -no rbo rny lmcrcL r r i c  b romide  (3 )  y ie lded  s im i la r  resu l t s .  I n
both instanccs t l ' rc  coi lcctcd coupl ing product  2.1 d ispla l 'ed a glpc
re [en t ion  t imc .  i r  spcc t rum.  and  mass  spcc t rum ind is t i ngu ishab lc

(88) Rcvicrv:  H.  Normant.  . - l r rgeru.  Chen.,  I t r r .  Et t .  8ry1. ,6,  1016
( 1 9 6 7 ) ;  H .  N o r m a n r ,  B u l l .  C h i n r .  S o c .  F r . , 7 9 l  ( 1 9 6 8 ) ;  I ( .  W .  B o w e r s ,
R. W. Cicsc,  J.  Cr imsharv,  H.  O. House' ,  N.  H.  I (o lodny,  I ( .  Kron-
bcrger,  and D. K.  Roc,  J.  , {mer.  Chent.  Soc. .  92.  2781 (1970):  H.  O.
House, R.W. Cicsc ' .  I i .  I ( ronbcrger,  J.  P.  I (aplan,  and J.  F.  Sirneonc,
ib id. ,  92,2800 (  1970).

^ .+,

f rom those  o [au then t i c  2 . l  p repared  by ' the  reac t ion  o f  no rbo rny t -2 -
magnesium bromide wi th DTBNO. Ar mercur ia l  to DTBNO
rat ios (  l .  s igni f icant  (  > l5 %) y ' ie lds of  norbornana were observcd.
Under these condi t ions no norbornene rvas observed.

Eu(DP i \ l ) r2Pr ' . 15  D ip i va loy - lme thane  (7 .55  8 ,  41 .0  mm. l )
was dissolved in 25 ml of  ethanol  in a 500-rnl  f lask and 50 ml or ' l
I  : l  ( v : v )  wa tc r -c thano l  so lu t i on  o t '  sod ium hydrox ide  (2 .0  g )  i vas
added .  A  so lu t i on  o f  eu rop iuml l t l )  t r i ch lo r ide  hexahydra re  r5 .0
g .  1 3 . 7  m m o l .  A l t a  I n o r g a n i c s ) .  d i s s o l v e d  i n  l : l  ( v : v )  r v a t c r -
e thano l .  was  added  to  th i s  so lu t l on  in  one  po r t i on .  A  wh i re  p rc -
c ip i tate lbrmed immediatel r .  Thc react ion mixture was st i r reci
tbr  2 hr  at  room temperature before di lut rng wi th 50 ml of  ice-col t l
wa te r .  A l ' t e r  s t r rnng  lb r  an  addr t i o r ra l  l 5  mrn ,  the  wh i te  so l i d  r vas
co l l ec ted  by  suc t ion  f i l t r a t i o r r  and  a i r -d r ied  ove rn igh t .  The  so l i d
was  d i s -so lved  in  a  m in ima l  amounr  o t 'warm py r id ine .  Th is  so lL r -
t ion rvas thcn concentratcd to c ' r r .  onc-hal i  i ts  or ig inal  volume and
stored for  2 day-s at  - i0 ' .  The resLr l t ing rvhi te crystals were co[-
l ec ted  by  suc t ion  f i l t r a t i on .  r i nsed  rv r rh  co ld  ( -30" )  pen tanc .  l nd
air -dr ied overnight .  The cr-vstals l rar l  mp oi  92-95o and were rso-
la ted  in  -50% y ie id . re
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t89)  No c l l ' o r t  i vas  madc to  max imize  th is  y ic td .
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