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The 3 ,4-dichloroearanes  obtained f rom the chlorination of 3-carene  in the presence  of NaHCO a [1] are  
i somers  (I) and (II), respect ively  with a t r ans -  and a e i s - ea rane  s t ructure  and a diequatorial and a diaxial 
orientation of the C-C1  bonds [2] 
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In order  to cor robora te  the spatial s t ruc tures  assigned to them on the basis  of the data of chemical  
methods, we undertook a study of the react ions of the dichlorides with nuclcophilic reagents .  

3a, 4/~-Diehloroearane (I) proved to be more  stable under the conditions of the E 2 cleavage reaction 
(reaction of t -  C4ItgOK in t -  C4HgOtt): when heated with the base at 100~ for 15 h it gives a product that, 
based on the chlorine content, cor responds  to a mixture of dichloride and monochlorides C10 HIsC1 in a 1 :1  
ratio.  3/?, 4a -Dieh lo roca rane  (II) under the same conditions is converted to a mixture of monochlorides in 
in 10 h. It proved impossible  to identify the monoehlorides in view of the complexity of the mixture.  Based 
on the data of the IR spectra,  one of the components of the mixture is a monoehloride with an unsymmet r i -  
t a l ly  disubstituted double bond, but f rom the acetolys is  products of the monochlorides by chromatographing 
on silica gel was isolated only a small  amount of the acetates  of unsaturated alcohols, the Ill spectrum of 

which also contains bands that a re  charac te r i s t ic  for the \C=CH~ group. By chromatographing the saponi- / 

fication products of the acetates  was isolated an alcohol with a terminal  double bond of unknown structure,  
which forms a 3,5-dinitrobenzoate (3,5-DKB) with mp 119-120~ 

The low react iv i ty  of (I) toward a base caused us to undertake a study of its t ransformat ions  in SN1 
nucleophilic substitution react ions .  The react ion of (I) with si lver  acetate in glacial acetic acid gives a com-  
plex mixture  of products,  in which were  identified the acetates  of 3 - c a r e n - 7 - o l  (XIII), p -men tha -1 ,5 -d i enn  
- 8 - o l  (VII), 2 - p - t o l y l - 2 - p r o p a n o l  (IX), and 1-methyl -4- i sopropenylb icye lo[3 .1 .0] -2-hexanol  (XVI), the 
diaeetate of 3/?,4~-earanediol .~XXIII), and 6,6-dimethyl-3-acetylbicyelo[3.1.O]hexane (XXII). In addition, 
in the aeetolysis  products  was found the acetate of an alcohol of unknown st ructure ,  which forms a 3,5-DNB 
with mp 127-128~ The i somer ic  unsaturated acetates  were identified mainly by the crysta l l ine  es ters  of 
the corresponding alcohols.  In order  to isolate the react ion products  we employed chromatographing on 
silica gel and on aluminum oxide in a column and in a thin layer .  The formation of the indicated products  
f rom 3ce,4/?-diehlorocarane (I) under the influence of si lver  acetate can be depicted by a scheme, according 
to which their  divers i ty  is explained by the possibi l i ty of stabilizing the carbocat ion that is formed in the 
heterolys is  of the C 4-  C1 bond via the ejection of p - I  I* in var ious  directions and via the eleetrophilic attack 
of the medium 
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The nature  of the products  of the ace to lys i s  reac t ion  is in ag reemen t  with its p r o g r e s s  via the in te r -  
media te  chlor ides  (IV), (XI), (XV), and 4 - a c e t o x y - 3 - c h l o r o c a r a n e  (XIX). As was shown ea r l i e r  [1], the 
ace ta te  of 3 - c a r e n e - 7 - o l  (XIII) is fo rmed  as the main product  when 3 - c h l o r o - 4 ( 7 ) - c a r e n e  is r eac ted  with 
AgOAc. The second product  of the s tabi l izat ion of the carbca t ion  along the f i r s t  direction,  namely  3 -ch loro  
- 4 - c a r e n e  (IV), during substi tution undergoes  the r ea r rangemen t :  (V) ~ (VI), which is a type of al lyclic 
r e a r r a n g e m e n t  of 1,3-diene sys t ems ,  with a shift of the functional group of the 5-posi t ion,  and gives the 
ace ta te  of p - m e n t h a - 1 , 5 - d i e n - 8 - o l  (VII) [3-5]. The ace ta te  of 2 - p - t o l y l - 2 - p r o p a n o l  (IX) is fo rmed  as the 
dehydrogenation product  of (VII) under the reac t ion  conditions.  The format ion  of chlor ide (XV) is the r e -  
sult of the t r an s - annu l a r  involvement  of the cyclopropane ring via a 1,3-shif t  of the C 6-  C 8 bond in the ca rb o -  
cation (iII) [6, 7]. The s tabi l izat ion of carboeat ion (iII)by the addition of ace ta te  ion leads to 3 ~ - c h l o r o -  
4f l -acetoxycarane (XIX), the ace to lys i s  of which to the diaceta te  of 3fl ,4fl-caranediol (XXIII) is accompanied  
by c leavage  react ions ,  with a r e a r r a n g e m e n t  of the re t ropinacol in  type and the fo rmat ion  of ketone (XXII) [8]. 
3f i ,4~-Dichlorocarane  (II) when reac ted  with s i lve r  ace ta te  in acet ic  acid a lso  gives a mix tu re  of products ,  
in which we were  able to identify only the ace ta te  of 3 - c a r e n - 7 - o l .  

EXPERIMENTAL 

The melting points were determined on a Kofler block. The IR spectra were taken on a UR-10 instru- 
ment; the GLC analysis was run on a Tswett-i chromatograph, using nitrogen as the carrier gas, Chrom- 
sorb W as the solid support, 10% Tween 80 [poly(hydroxyethylenesorbitan monooleate)] as the liquid phase, 
and a temperature of 140~ 

Action of t-C4H~OK on 3~,4fl-dichlorocarane (1). A mixture of 6 g of (I) [mp 34.5-35.5~ [e~]D 69.4~ 
(C 4.83, CHCI3)] and 1.25 g of K in 35 ml of f-C4HgOH was heated at 95-I00~ for 15 h. Then the t-C4HsOH 
was distilled off, and the residue was diluted with water and dried over Na2SO 4. The residue (4.5 g) from 
the removal of the ether was distilled in vaeuo from a small flanged flask; bp 97-99~ (6 mm); ~D 52"6~ 
n~ 1.4987; yield 4.15 g. Found: C 64.62; H 9.03; Cl 26.77%. CIoHIsCI. Calculated: C 70.35; II 8.85; 
Cl 20.78%. CIoHI6CI 2. Calculated: C 57.96; H 7.78; Cl 34.26%. Based on the analysis data for the amount 
of chlorine, only half of the HCI was cleaved from (I). The presence of the starting dichlorocarane (I) and 
two monochlorides in the mixture was shown by TLC on SiO 2. 

Action of t-C4HgOK on 3fl,4e~-diehloroearane (II). A mixture of 12 g of (iI) (oz D + I01.7~ n~ 1.5010) 
and 2.5 g of K in 65 ml of t-C4HgOH was heated at 100~ for i0 h. After a workup similar to that described 
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TABLE 1 

Frac-~ Hg)~rt., ~/v 
No.ti~ bp, ~ mm I 

1 38--40 (5) 
li 93--t03 (5) 

III t07--t23 (5) 
IV t0t--t12 (8. t0 -~) 

TABLE 2. 

Fraction bp, ~ Wt., g n~ ~'D No. (p, mm Hg) 

6,0 t,~26 +~o i 
8,2,3 i ,474S +13,4 II 
4,31 t,4748 Not translucent III IV 

42--82 (5) 
86--102 (5) 

i02--105(5) 
t03--i30 (t) 

i,26 
9,6 
5,49 

23,54 

1,4976 
i,4840 
i,4778 
t,47it 

+ 2 0 , 2  
-t-42,3 
+47,4 
+3i,4 

above we obtained 8.2 g of a product  with bp 63-69~ (3 mm); ct D + 34.2~ n~ 1.4962; d 2~ 1.013. Found: 
C 69.63; H 9.08; C1 20.36%; MR 49.19. C10HI~C1F1, 3 - m e m b e r e d  r ing.  Calculated: C70.35; H 8.85; C1 
20.79%; MR 49.09. Analys is  by T L C  indicated the p r e s e n c e  of two monochlor ides  in the c leavage products ,  
in the IR spec t rum of which were  the absorp t ion  bands of the C -  C1 bond at 620 cm -1, of unsymmet r i c a l l y  
disubst i tuted and t r i subs t i tu ted  double bonds, and a lso  of bands that a r e  cha r ac t e r i s t i c  for  a romat i c  com-  
pounds (u, cm-l) :  825, 890, 1520, 1620, 1655, 1690, 3005, and 3080. The intense absorpt ion  band of 
UC-C1 at 620 cm - I  can be ass igned  to the al lyl ic ca renyl  chlor ides ,  3 - c h l o r o - 4 ( 7 ) - c a r e n e  and 3 - c h l o r o - 4 -  
ca rene ,  with a c i s -pos i t ion  of the C - C 1  bond re la t ive  to the cyclopropane  ring (the IR spec t rum of t r a n s - 3 -  
c h l o r o - 4 ( 7 ) - c a r a n e  has v C_ C1660 cm -1 [1]). The monochlor ides  r eac t ed  to a v e r y  slight degree  with t e t r a -  
e thylamrnonium ace ta te  (refluxing in acetone solution for  96 h). A mix tu re  of ace ta tes  {1.34 g) was obtained 
when 4.3 g of the monochlor ides  was heated with 6.3 g of AgOAc in 30 ml  of glacial  acet ic  acid, the IR spec-  
t r um of which had absorp t ion  bands with the f requencies :  820, 900, 1600, 1640, 1655, 1680, 1730, 
3025, and 3070 cm - i .  F r o m  0.2 g of the saponificat ion products  of the ace ta tes  by TLC on SiO 2 we isola ted 
a two-component  mix tu re  of alcohols  [0.06 g, IR spec t rum (v, cm-l ) :  890, 1640, 1660, 3075], which fo rmed 
a 3,5-DNB with mp 119-120~ 

Action of AgOAc on 3o44fl-Diehlorocarane (i)~. A mix tu re  of 25 g of (I) and 44.3 g of AgOAc in a mix-  
tu re  of 200 ml  of CH3COOH and 25 ml  of (CH3CO)20 was heated at  70~ for  55 h. After  r emova l  of the p r e -  
c ipi ta te  by f i l t ra t ion the acet ic  acid was dis t i l led off and the res idue  (28 g) was vacuum dist i l led f rom an 
Arbuzov f lask (Table 1). The products  of f r ac t ion /1  were  ch romatographed  on SiO 2 to give 1.27 g of a mix-  
ture  of ace ta tes  with n~  1.4800; a D + 28~ The saponificat ion of this mix tu re  (1.2 g) with 2% aqueous 
alcoholic caust ic  solution gave 0.87 g of a product  with bp 95-105~ (10 ram); n~ 1.4968; aD + 42"5~ the 
IR spec t rum of this product  had bands that a r e  cha r ac t e r i s t i c  for  a t e rmina l  double bond (UC= C 1645, VC_ H 
3070 and3080, 5C_ H 895 cm-1) .  Based  on the TLC data, the saponif icat ion product  contained a mix ture  of 
alcohols ,  the t r e a t m e n t  of which with 3 ,5-dini t robenzoyl  chlor ide gave a 3,5-DNB mix ture  that  fai led to 
c rys t a l l i ze .  Two 3,5-DNB were  isola ted when this mix ture  was ch romatographed  on SIO2: 1) mp 94-96~ 
which p roved  to be  the 3,5-DNB of p - m e n t h a - 1 , 5 - d i e n - 8 - o l  [9], and 2) rap 126-128~ not identical  with 
the 3,5-DN'B of c i s - 4 ( 7 ) - c a r e n - 3 - o l ,  which has a c lose  mel t ing point [10]. 

A mix tu re  of 54 g of dichloride (I) and 95,7 g of AgOAc in 500 ml  of g lac ia l  acet ic  acid was heated for  
43 h to give 48.8 g of a t a r r y  product,  which was sepa ra t ed  into four f rac t ions  (Table 2) by dist i l lat ion f r o m  
an Arbuzov f lask .  When the products  of f rac t ions  I I - I I I  (see Table  2) we re  ch romatographed  on A1203 (II 
activity) we obtained 2.6 g of a mix tu re  of ace ta tes  with n~ 1.4754; a D + 36.2~ After  r emova l  of the di-  
enic ace ta tes  f r o m  this mix tu re  by t r ea tmen t  with male ie  anhydride,  the remain ing  ace ta tes  (1.03 g) we re  
saponified with 2% aqueous alcoholic caust ic  solution. F r o m  the saponificat ion product  (0.7 g) was obtained 
1.3 g of the 3,5-DNB. Chromatographing  of the la t te r  gave 0.72 g of a c rys ta l l ine  product  with mp 110- 
124~ the saponif icat ion of which gave  0.24 g of a mix tu re  of alcohols with bp 90-92~ (10 mm); n~ 1.4910; 
d~ ~ 0.9605; IR s p e c t r u m  (u, cm-l ) :  890, 1050, 1070, 1380, 1645, 2730, 3060, and 3080. The oxidation of 
the alcohols with CrO 3 led to the ketone [IR spec t rum (u, cm-i ) :  900, 1650, 1690, 1730, 3080]; 2 ,4-din i t ro-  
phenylhydrazone,  mp 168-169~ The mixed mel t ing point with the 2 ,4-dini t rophenylhydrazone of 1-methyl  
- 4- i sopropenylb icyc lo  [ 3 . t . 0 ] -  2-hexanone (XVIII) [7] was not depressed .  

The products  of f rac t ion  IV were  f rac t ional ly  dis t i l led through a column with an eff iciency of eight 
theore t ica l  p la tes  (Table 3). The saponif icat ion of 6 g of the ace ta tes  f r o m  f rac t ions  I - I I I  (see Table  3) with 
2% aqueous alcoholic caust ic  solution gave 3.5 g of a product  with bp 95-107~ (10 ram), which was sepa ra ted  
by chromatograph ing  on A1203 {Table 4). 

The products  of f rac t ions  I - I I I  (see Table  4) contained 6 ,6 -d imethy l -3 -ace ty lb icyc lo [3 .1 .0 ]hexane  
(XXII) (GLC analysis) ;  2 ,4-dini t rophenylhydrazone,  mp 134-135~ The mixed mel t ing point with the 2,4- 
dini t rophenylhydrazone of ketone (XXII), synthesized as descr ibed  in [8], was not depressed .  
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T A B L E  3 

Fraction .bP, ~ C (p" 10 -2, n~ ~D 
No. mm Hg) Wt,, g 

I 
II 

IIl 
IV 
V 

vi  
"vii 

V]]l 
IX 

60--62 (3) 
62--70 (3) 
74-80 (3) 
82--86 (3) 
87--92 (3) 
93--96 (3) 
9t--92 (2,5~ 

rinsed from colum~ 
Residue 

2,29 
t ,59 
2,23 
2,5 
3,42 
3,43 
2,75 
3,42 
t,56 

t,d782 
t,4803 
1,4774 
t,472s 
t,4676 
t,4642 
t,4634 
t,4632 

+54,~ 
+30,4 
+t4 ,9  
+23,9 
+32,7 
+37,7 
+39,2 
+30 

TABLE 4 

Eluant 

Petroleum ether (70 - 
100 o) 

Petroleum ether - diethyl 
ether (10:1) 

Petroleum ether- diethyl 
ether (1:1) 

DiethyI ether 

Ethanol 

Fraction [Volume [ g 
No, ~ieluate'tWt", 

I 
II 

III 
IV 

V 
VI 

VII 
VIII 

IX 
X 

XI 
XII 

'% CITl- 1 

4O 
4O 
6O 
4O 

6O 
6O 
6O 
4O 
4O 
5O 

0,57 
o,t5 I 
o,t4 I 
0,t t  

0AStl 
0, t2/I 
0,21 
0,2 
0,25 
0,23 
0,22 
0,85 

890, t650, 3070, t710 

890, t650, 3070, t600, 
1510 

890, t650, 3070, i510, 
1600 

B a s e d  on the  G L C  da ta ,  f r a c t i o n s  VII I -XI  c o n t a i n e d  3 - e a r e n - 7 - o l  (X-IV). The  t r e a t m e n t  of t h e s e  f r a c -  
t i ons  (0.9 g) with ph tha l i c  a n h y d r i d e  (0.54 g) in p y r i d i n e  gave  0.8 g of the  a c i d  p h t h a l a t e  of 3 - c a r e n - 7 - o l  
wi th  mp 118-120~ The  p a r t  of the  p r o d u c t  tha t  f a i l e d  to  r e a c t  wi th  p h t h a t i e  a n h y d r i d e  w e ighe d  0.45 g; in 
the  IR s p e c t r u m  w e r e  p r e s e n t  a b s o r p t i o n  bands  (890, 1520, 1600, 1650, 3080 c m  -1) tha t  a r e  c h a r a c t e r i s t i c  
fo r  compounds  of the  a r o m a t i c  s e r i e s  and  compounds  con ta in ing  a t e r m i n a l  double  bond .  B a s e d  on the  GLC 
data ,  the  p r o d u c t  r e p r e s e n t e d  a m i x t u r e  of a l c o h o l s ,  one of which  was  1 - p - t o l y l - 2 - p r o p a n o l .  Howeve r ,  
n e i t h e r  the  3, 5-DNB n o r  the  ~ - n a p h t h y l u r e t h a n  cou ld  be  ob ta ined .  

F r o m  the  p r o d u c t s  of the  h y d r o l y s i s  of f r a c t i o n s  VI -VII I  ( see  T a b l e  3) wi th  5% aqueous  a l c o h o l i c  c a u s -  
t i c  so lu t i on  was  i s o l a t e d  (by e x t r a c t i o n  wi th  butanol )  c i s - 3 , 4 - e a r a n e d i o l  (XXIV) with  mp 137~ The  m i x e d  
m e l t i n g  po in t  wi th  the  3 f l , 4 f i - ca raned io l ,  ob ta ined  by  the h y d r a t i o n  of f i - 3 , 4 - e p o x y c a r a n e  in a c i d  m e d i u m  
[11], was  not  d e p r e s s e d .  

Ac t ion  of AgOAc on 3 f i , 4 ~ - D i c h l o r o c a r a n e ( I I ) .  A m i x t u r e  of 3.3 g of (II) and  6 g of AgOAc in 25 m l  
of CH3COOH and 10 m l  of (CH3CO)20 was  h e a t e d  a t  75-80~ fo r  12 h to g ive  2.1 g of a p r o d u c t  wi th  the  con -  
s t an t s :  ~D + 29"8~ n ~  1.4848; d 2~ 1.035; the  B e i l s t e i n  t e s t  fo r  c h l o r i n e  was  p o s i t i v e .  Sapon i f i ca t ion  of 
0.93 g of the  p r o d u c t  wi th  2% aqueous  a l c o h o l i c  c a u s t i c  so lu t ion  gave  0.53 g of a m i x t u r e ,  f r o m  which  was  
i s o l a t e d  0.15 g of a l c o h o l s  by  T L C  on SiO2. R e a c t i o n  of the  a l c o h o l s  wi th  3 , 5 - d i n i t r o b e n z o y l  c h l o r i d e  g a v e  
at  l e a s t  two 3 ,5-DNB (TLC).  F r o m  the  m i x t u r e  by  T L C  on SiO 2 was  i s o l a t e d  the  3 ,5 -DNB of 3 - c a r e n - 7 - o l  
(XIV) wi th  mp 77-79~ Even wi th  r e p e a t e d  T L C  on SIO2, the  o t h e r  3 ,5 -DNB cou ld  not  be  i s o l a t e d  in a c r y s -  
t a l l i n e  f o r m .  

CONCLUSIONS 

3oz,4fl-Dichlorocarane when subjected to aeetolysis undergoes rearrangements that are characteristic 
for the carane system: "A4-carene-p-l,5-menthadiene," "caraneethylbicyc]ohexane," and "caranemethyl- 
isopr openylbieyelohexane." 
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