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In a previous  paper  [1] we had shown that p-menthadienol  ace ta tes  (III) and (VII) a r e  fo rmed  when the 
3- and 4 - c a r e n e s  a r e  reac ted  with Hg(OAc)2. The i r  format ion  was explained via initial a t tack of the hydro-  
ca rbons  at the double bond by the oxidizing agent.  However,  it is known that Hg(OAc)2 eas i ly  adds to a 
t h r e e - m e m b e r e d  ring [2-5]. In this case  the format ion  of {III) and (VII) can a lso  be depicted as being the 
r e su l t  of adding Hg(OAc)2 to the 3- and 4 - c a r e n e s  at the cyclopropane r ing and the subsequent c leavage  of 
Hg and acet ic  acid f r o m  the cor responding  adducts (II) and (VI), which, however,  we were  unable to isola te .  
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Scheme 1 

The purpose  of the p re sen t  study was to a sce r t a in  the poss ib i l i ty  of adding Hg(OAc)2 to 3 -ca rene ,  not 
only to the double bond, but a lso  to the cyclopropane  r ing.  For  this we employed the Brown method [6-8], 
which cons is t s  in the hydroxymercura t ion  of a hydrocarbon with IIg(OAc)2 in aqueous t e t rahydrofuran  (THF) 
and subsequent  demercu ra t ion  by hydrogenolys is  with NaBII 4. During the cou r se  of these  t r ans fo rma t ions ,  
3 - ca r ene  should give f l -4 -ca rano l  (IX) in the case  of adding the m e r c u r y  sal t  to the double bond and e i ther  
oz-terpineol (XI) or m - l - m e t h e n - 8 - o l  (XII) if the addition takes  place  at the cyclopropane r ing.  Addition 
in e i ther  di rect ion leads to one o f t h e s t e r e o i s o m e r i c  1 ,8- tc rp ins  (XIV) (Scheme 2). 

In ha rmony  with the Brown method, NaBH 4 was added to the reac t ion  mix tu re  immedia te ly  a f te r  the 
d i sappearance  of the yellow color,  which tes t i f ied to the complet ion of the addition reac t ion  of the m e r c u r y  
sal t  to the hydrocarbon.  GLC ana lys i s  of the reac t ion  products  d isc losed that  they contain, bes ides  the 
s ta r t ing  3 -ca rene ,  a l so  f i -4 -ca rano l  (IX) and c~-terpineol (XI) in a 4 .4 :1  ra t io .  Bes ides  the indicated a l -  
cohols,  a smal l  amount of t r a n s - l , 8 - t e r p i n  (XIV) was isola ted when the reac t ion  products  we re  c h r o m a -  
tographed on si l ica gel, which was identified by compar ing  with the authentic product,  obtained f r o m  c i s -  
te rp in  as descr ibed  in [9]. In one of the exper iments ,  apparent ly  due to incomplete  hydrogenolysis ,  we ob- 
tained a c rys ta l l ine  product  with the composi t ion C12ii20iigO3, which co r responded  to the adduet: 3 - c a r c n e -  
fig (OAc) (OH). In the IR s pec t rum  of this adduct a r e  p resen t  absorpt ion bands that co r re spond  to a t r i subs t i tu ted  
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double bond (1670, 3020 cm-1), an ionized ace ta te  group (1600, 1340 em-1), and a t e r t i a r y  OH group (1105, 
3350 cm-1).  Consequently, the m e r c u r y  compound has the s t ruc tu re  of the addition product  to the cyc lo-  
p ropane  r ing (X). The s ame  s t ruc tu re  must  be ass igned  to the h y d r o x y m e r c u r y  chlor ide that  is isolated 
when the hydroxymercura t ion  products  a r e  t r ea t ed  with NaC1, since the demercu ra t i on  of the chlor ide with 
NaBH 4 gives  only o~-terpineol. The produc t  of the hydroxymercura t ion  of 3 - ca r ene  at the double bond 
(VIII) was not isolated.  On the bas i s  of these  data it is poss ib le  to a s s u m e  that it is less  s table .  Tes t i fy ing 
to the different  s tabi l i ty  of the (VII) and (X) adduets is the change in the ra t io  of f l -4 -ca rano l  and c~-terpineol 
as a function of the length of the hydroxymercura t ion  s tep.  As was mentioned above, during demercura t ion ,  
f i -4 -ca rano l  p redomina te s  (4.4: 1) in the mix tu re  immedia te ly  a f te r  the f i r s t  step; the composi t ion  of the 
mix tu re  of a lcohols  a f t e r  demurcura t ion  for  24 h is 1: 1, while, when based  on the GLC analys is  data, fl- 
4 -ca rano l  was absent  in the mix tu re  a f t e r  48 h. A s im i l a r  instabi l i ty  of the hydroxymercura t ion  products  
was obse rved  in [6], which explained the dec rea se  in the yields of the alcohols  when the h y d r o x y m e r c u r a -  
tion per iod  was prolonged.  

As a resul t ,  the data of studying the h y d r o x y m e r c u r a t i o n - d e m e r e u r a t i o n  react ion  show that 3 - ca r en e  
adds the m e r c u r y  sal t  to both the double bond and the cye lopropane  r ing.  It is poss ib le  to a s s u m e  that, 
together  with the double bond, the cyc lopropane  ring is a l so  a t tacked under  the reac t ion  conditions of aee ty-  
la t ive  oxidation with m e r c u r i c  ace ta te .  P r e f e r e n t i a l  at tack of the double bond makes  m o r e  probable  the 
m e c h a n i s m  of forming p-menthadienol  ace ta tes  (iII) and (VH) via the in te rmedia te  allylic m e r e u r i a c e t a t e s  
[1], but the poss ib i l i ty  of a l so  forming  them according  to Scheme 1 is not excluded. 

E X P E R I M E N T A L  

The mel t ing points  were  de te rmined  on a Kof ler  block.  The IR spec t ra  were  taken on a UR-10 ins t ru -  
ment .  Analys is  by the g a s - l i q u i d  ch roma tog raphy  (GLC) method was run on a Khrom-2  chromatograph ,  
using ni t rogen as the c a r r i e r  gas,  r e f r a c t o r y  b r i ck  as  the solid support ,  10% poly(ethylene glycol adipate) 
as  the s ta t ionary  phase,  and a t e m p e r a t u r e  of 140-144~ 

H y d r o x y m e r c u r a t i o n - D e m e r c u r a t i o n  of 3 - ca rene .  To a suspension of 10 g of m e r c u r i c  ace ta te  in 
aqueous THF (31 ml  of THF, 31 ml  of H20 ) was added 4.4 g of 3 - ca rene .  When the yellow color  had disap-  
p e a r e d  an alkal ine solution of NaBH 4 (1.2 g of NaBH 4, 1 g of NaOH, 31 ml  of H20 ) was added to the react ion  
mix tu re  in drops .  The solution was decanted f rom the deposi ted meta l l ic  m e r c u r y  (4.8 g, 77%), ex t rac ted  
with ether ,  and the e ther  ex t r ac t  was washed with water  and dr ied over  Na2SO 4. Remova l  of the solvents  
gave a res idue  that was  a mix tu re  of an oil and white c r y s t a l s .  The f i l te red  c r y s t a l s  had mp 185~ Found: 
C 34.65; H 4.98; Hg 48.88%. C12H2003Hg. Calculated: C 34.9; H 4.80; Hg 48.62%. In f r a r ed  spec t rum 
(v, cm -1) (Nujol): 700, 930, 950, 1020, 1060, 1105, 1140, 1250, 1340, 1600, 3020, 3350. When 2.3 g of the 
oil was ch romatographed  on  SiO 2 (30 g) we isola ted  0.7 g of 3 - ca r ene  (petroleum ether  used as eluant); the 
f rac t ions  (0.1 g) that were  eluted with benzene contained an alcohol that, based  onthe GLC ana lys i s  data 
and the IR spec t ra ,  was identical  with o~-terpineol. In the products  of the f rac t ion  (0.1 g) that was eluted 
with a 1 : 1 mix tu re  of benzene and e ther  was p re sen t  f i -4 -ca rano l  with mp 70~ whose p -n i t robenzoa te  
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had mp 142-144~ The mixed mel t ing point with the authentic f i -4 -ca rano l  p -n i t robenzoa te  (rap 143-144~ 
[10] was not depressed .  The f rac t ion  (0.01 g) that  was  eluted with ethanol contained a product  with mp 154- 
155~ the mixed melt ing point {155-156~ of which with the t r a n s - l , 8 - t e r p i n  repor ted  in [9], with mp 155- 
156~ was not depressed .  

In order  to obtain m o r e  of the alcohol, having the same  retent ion t ime  as ~- terp ineol ,  the exper iment  
on the h y d r o x y m e r c u r a t i o n - d e m e r c u r a t i o n  of 3 - ea r ene  was run with l a r g e r  amounts  of the reactants :  50 g 
of IIg(OAc) 2, 2 2 g o f 3 - c a r e n e ,  150 m l o f T H F ,  5 g o f N a B H  4, 5 g o f N a O H ,  and 150 ml  of H20. F r o m  20.8 
g of the react ion  products  by chromatographing  on SiO 2 (150 g) we isola ted 3.56 g of alcohols,  which were  
separa ted  by p r e p a r a t i v e  TLC.  We obtained 0.26 g of a substance  with n~  1.4830 and d 20 0.9320 (from [11], 
for  ~- terp ineol ,  n~ 1.4805 and d 2~ 0.927), In f ra red  spec t rum (p, cm-l ) :  800, 920, 935, 950, 1115, 1145, 
1160, 1230, 1380, 1450, 1670, 3025, 3400; the p -n i t robenzoa te  had mp 137-139~ and its  mixed melt ing 
point with authentic a - t e rp ineo l  p -n i t robenzoa te  was not dep res sed .  

To a suspension of 10 g of Hg(OAc)2 in aqueous THF (31 ml of THF, 31 ml  of H20 ) was added 4.3 of 
3 - ca r ene  in drops .  The reac t ion  mix ture  was allowed to stand at r oom t e m p e r a t u r e  for  approx imate ly  36 
h. The obtained white c rys ta l l ine  p rec ip i ta te  of the m e r c u r y  sal t  (3.6 g, mp 224~ was f i l tered.  The fi l-  
t r a t e  was ext rac ted  with benzene.  Evaporat ion of the benzene ex t rac t  left a res idue  that was unreac ted  3- 
ca rene .  The aqueous l ayer  f rom the benzene extract ion was evapora ted  and then sal ted out with NaC1 so-  
lution. The obtained hyd roxym ercu ry  chlor ide (3.1 g, mp 149-153~ was f i l te red.  

Demercu ra t i on  of H y d r o x y m e r c u r y  Chloride.  To a solution of 3.1 g of the h y d r o x y m e r c u r y  chlor ide 
in 20 ml  of THF was added an alkal ine solution of sod iumborohydr ide  (0.3 g of NaOH, 0.3 g of NaBH4, and 
10 ml  of H20 ). Heating up was observed  and the appearance  of meta l l ic  m e r c u r y  (1.05 g; 64%). The r e a c -  
tion mix tu re  was ex t rac ted  with ether  and the solvents  were  dis t i l led off. The res idue  (0.4 g; 33%; n~ 
1.4865), a f te r  p r e p a r a t i v e  TLC on SiO 2 in the system:  h e x a n e - e t h y l  ace ta te  (85: 15), gave a product  with 
n~ 1.4868 and, based  on the GLC ana lys i s  data and the IR spec t ra  (v, cm-l) :  800, 925, 950, 1115, 1135, 
1160, 1225, 1300, 1385, 1450, 1680, 3035, 3400, was identical  with ~- terpineol ;  the p -n i t robenzoa te  had mp 
137-139~ and its  mixed melt ing point with ~- te rp ineo l  p -n i t robenzoa te  (rap 139-140~ was not depressed .  

C O N C L U S I O N S  

It was found that Hg(OAc) 2 adds to 3 - ca r ene  both to the double bond and to the t h r e c - m e m b e r e d  ring; 
the format ion  of f l -4 -ca rano l  and t r a n s - l , 8 - t e r p i n  as demercura t ion  products  is in ag reemen t  with the t r a n s -  
addition of the m e r c u r y  sal t  to the double bond. 
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