
F or  repeated  use of the cata lys t  the solution over  the cata lys t  was poured off, the catalyst  washed with 
hexane and dr ied  in vacuum at ~ 20 ~ Complete removal  of react ion products  was checked by GLC. The cata- 
lyst  so r egene ra t ed  was used again for  disproport ionat ion by the method descr ibed.  

C O N C L U S I O N S  

1. By polymer iz ing  var ious  monomers  in the p re sence  of t r ans i t ion-meta l  sal ts  (e.g., WCl 6) and a 
Grignard  reagent ,  d isproport ionat ion catalysts  containing a carbochain po lymer ic  support  have been obtained. 
Lewis acids were  used as cocata lysts  for the disproport ionat ion of the olefins. 

2. The act ivi ty  and se lec t iv i ty  in the action of the catalytic sys tems  obtained have been studied as a 
function of the nature  of the cocatalyst ,  the ra t io  of the components,  and the nature of the solvent  in the dis-  
proport ionat ion of 2-pentene.  
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Cationic complexes  of the acyl  t e t ra f luorobora te  type were  studied e a r l i e r  in the acylation react ions of 
alkenes [2, 3] and alkynes [4, 5]. The purpose of the p resen t  investigation was to de termine  the possibil i ty of 
using these reagents  for  the acylat ion of cyclopropane der ivat ives .  Norcarane  (I) and also 1-methyl-  and 1- 
phenylnorcaranes  (II, IID were  chosen as subjects  for  investigation. 

As found, the react ion of compound (1) with pivaloyl t e t ra f luorobora te  (IV) takes place fair ly  rapidly and 
fully even at -50~ Subsequent t r ea tmen t  of the react ion mass  with water  leads to a mixture  of products  (V)- 
(IX) with an overa l l  yield of 60-75%. 

* For  p re l imina ry  r e p o r t  see [1]. 
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CH 3 CHa 
(VII) (VIII) (tX) 

Here and subsequently R = C(CH3) 3. 

The ratio of the components in the mixture depends substantially on the acylation conditions. Thus, 
during decomposition of the mixture obtained from (i) and (IV) in a 1 : i mixture of CH2CI a and C2H4CIa by 
water at-50~ compounds iV) and (VII) are mainly formed (with yields of 39 and 22%, respectively), whereas 
analogous treatment of the reaction complex obtained in CH3NO 2 at-25~ gives mainly compolmds (Vi) and 
(VII) (with yields of 36 and 13%~ respectively). 

The structures of the products (V)-(VIII) were proved by spectrometry and by alternative symtheses. 
The hydroxy ketone (V) was obtained by the action of methylmagnesium iodide on the diketone (X). Apart from 
compound (V), the epimerie hydroxy ketone (Vat is also formed in this reaction. 

COB 

+ CH~Mg[ , (V) + 
q H=0 ~..( 
0 It~. ~H 
(X) ( \  a) 

According to the IR spectra, in compound (V) there is a strong intramoleeular hydrogen bond (Av 160 
cm-l), which is not detected in compound (Vat. It can therefore be supposed that compound (V) is the isomer 
with the cis arrangement of the OH and COR groups, while compound (Va) is the isomer with the trans ar- 
rangement of these substituents. Consequently, compound (Va) must be the more stable isomer, since the 
realization of the most stable conformation with the eis-l,3-diequatorial arrangement of the bulky CH a and 
COC(CHa) a groups is only possible for (Va). In fact, data on the alkaline equilibrium epimerization of the in- 
dividual compounds iV) and (Va) showed considerably greater stability for the latter; at 64~ the equilibrium 
ratio of (V) to (Va) is 1 : 2.7. 

The other hydroxy ketone formed in considerable amounts during the experiments in nitromethane was 
found to be the 1,2,3-cis-syn-eis derivatives of cyclohexane (VD. The 1,2,3 position of the substituents in (VI} 
follows from analysis of the PMR spectrum of its acetate (XD. The vicinal arrangement of the ring methine H 
atoms in the CHOCOMe (8 4.78 ppm), CHMe (2.29 ppm), and CHCOR (3.0 ppm) groups was demonstrated by 
double resonance. Dehydration of (VD by the action of KHSO 4 leads to a mixture of two unsaturated ketches 
(VII) and (VIII), the structure of which follows from their IR and PIeR spectra, and this also confirms the 
adopted position for the substituents in (V!). The eis arrangement of the OH and COR groups in compound (VD 
follows from the presence of a strong intramolecular hydrogen bond in it (Au 200 era-l). To determine the 
relative configuration of the CH a and COIR groups the hydroxy ketone (VD was converted into the diketone (XII), 
from which the isomer (XIIa) was obtained under conditions of alkaline epimerization. On the attainment of 
e q u i l i b r i u m  the  r a t i o  o f  (:KID to (XIIa) w a s  1 : 5.7.  

-\cC[ I~rOa, II-- [ / ~ , C O B  (/"-~COB. Q ~ C O R  

" ' I /~ 'c" '  ~ (vii- -" ,Q~c~r~ y "-cH~ 
[KU*13 4 

()COCI[~ ~r ~J O 
( w ] )  -~- (\[lu 

{XI) (\l[) (x[Ia) -1 

On this basis it was assttmed that (XIIa) is the more stable trans-diequatorial isomer, and the CH 3 and 
COR groups in (X]I) and, consequently, in the hydroxy ketone (V!0 are in the eis configuration. 

The structure of the fl,7- and %5-unsaturated ketones (VI~ and (VIII) (I : 1.37 fellows from the IR and 
PMR spectra and also from the above-mentioned fact that they are formed during dehydration of (VD. Among 
the ketones obtained in the reaction of (I) with (IV) a small amount (3-5%7 of unsatu~'ated ketones (GLC), cor- 
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responding to the products  f rom dehydrat ion of the hydroxy ketone (V) by the act ion of POCI 3 in pyridine,  
was  found. 

In addition to the above-ment ioned  products  (V)-(VIII), a cer ta in  amount  of heavier  difficult ly dist i l led 
subs tances  is fo rmed  in the reac t ion  of (I) with (IV). Among them we identified the hydroxy ketone (IX), the 
composi t ion of which co r re sponded  to the produc t  f rom the react ion of one equivalent  of (CH3)aCCO + with two 
molecu le s  of (1) (IR, PMR, and m a s s  spec t ra ) .  

Since the acyla t ion i tse l f  of compound (]) is c a r r i ed  out under conditions excluding the p re sence  of m o i s -  
tu re ,  the format ion  of the hydroxy ketones  (V) and (VI) Consequently t akes  place  as  a r e su l t  of react ion of the 
reac t ion  complex with the nucleophile (water) introduced to decompose  this  complex.  It can the re fo re  be ex-  
pected  that  change in the c h a r a c t e r  of the nucleophile will  lead to a change in the nature  of the isolated p rod-  
ucts.  In fact ,  if the reac t ion  complex obtained by the reac t ion  of (i) with (IV) in n i t romethane  [i.e.,  giving a 
mix tu re  of (V)-(VIID during t r e a t m e n t  with water]  is t r ea t ed  with a hydr ide- ion  donor such as  NaBH 4 or  
(C4Hs)3SnH , the main  isolated compound is a de r iva t ive  of oxabicyclooctane ( X I ~  (yield 35%). During analogous 
t r e a t m e n t  of the reac t ion  products  in the Ctt2CI 2-C2H4CI 2 medium,  20% of compound (XIII) an 1 36% of com-  
pound (XIV) (IR, PMR, and m a s s  spec t ra )  were  obtained. 

CRR r CRR I 

(I) + (iv) ~ + 

" - . . L ~ C H a  

(XIII), (XIIIa) (XIV), (XIVa) 

R'  = H (XIII), (XIV); D (XIIIa), (XIVa) 

The use of deu te ra ted  compounds such as  (n-C4Hg)aSnD as the source  of the nucleophile led to the fo r -  
mat ion of (XII~)  and (XlVa) in the PMR s p e c t r u m  of which the cor responding  s ignals  at  3.66 ppm for  (XIIIa) 
and 3.55 ppm for  (XIVa) were  absent .  

The acylat ion of compound (ID by the action of compound (IV) in the CH2CI2-C2H4CI2 medium at  -35~  
followed by t r e a t m e n t  with an aqueous solution of sodium bicarbonate ,  gave the hydroxy ketones  (XV) and (XIV) 
(overa l l  yield 50-55%, ra t io  4 : 1) as  the main products .  

 coR coR 

H0 CI[ a CH a 

(ix) (xv) (xvl) 

The s t r u c t u r e  of (XV) as  the 1,2,3 der iva t ive  of cyclohexane with the t r ans  a r r a n g e m e n t  of the CH 3 group 
at  2-C and the COR group at  3-C was demons t r a t ed  by the product ion of this compound by the react ion of 
me thy lmagnes ium iodide with the diketone (XIla) (with the t r ans -d iequa to r fa l  a r r a n g e m e n t  of the subst i tuents) .  
However ,  the main  product  in this a l t e rna t ive  synthes is  is not (XV) but the e p i m e r i c  hydroxy ketone (XVa) (in 
a ra t io  of 1 : 4.5). 

rio 

(XIIa) ~- CHsMgI ~ (XV) ,'-- ~ I ~ C O R  
mo /-...g...c ga 

cH~ 
(XVa) 

The p r e f e r en t i a l  format ion  of compound (XVa) shows that  it is the e p i m e r  with an axia l  OH group,  since 
it is known [6] tha t  axial  a lcohols  a r e  the main  products  f rom the Gr ignard  react ion  in the case of confor-  
mat iona l ly  fixed cyclohexanones.  Thus,  the hydroxy ketone (XV) is the i s o m e r  with the equator ia l  a r r a n g m e n t  
of the OH, CH3, and COR groups .  

In the hydroxy ketone (XVI) the COR and CH 3 groups  at  2-C a r e  in the cis configuration,  as  follows f rom 
the fact  that  this product  is fo rmed  with a yield of ~ 80% in the Gr ignard  react ion  with the c is -d iketone  (XID. 
This  makes  it poss ib le  to p ropose  the axia l  configuration for  the OH group,  and this is consis tent  with the IR 
data,  which indicate the p r e s e n c e  of a s t rong in t r amolecu la r  hydrogen bond in compound (XVI) (Au 190 cm-1). 
It should be noted that  the i s o m e r i c  hydroxy ketone (XV) a lso  contains the OH and COR groups  in the cis con- 
f igurat ion,  but bands for  an i n t r am o l ecu l a r  hydrogen bond a r e  not found in its IR spec t rum.  This  is due to the 
fact  that  the format ion  of an i n t r amolecu l a r  hydrogen bond in this ease  mus t  inavoidably involve conformat ional  
invers ion ,  leading to the unfavorable  axia l  or ienta t ion of the CI-I 3 group at  2-C. 
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The react ion of compound (lID with compound (IV) at  -30~ in the CH2CI 2-CH3NO 2 medkma (2 : 1) gave, 
a f t e r  t r ea tmen t  with water ,  three  acylat ion products ,  i .e. ,  the hydroxy ketones (XVID and (XVIl]) and the un- 
sa tura ted  ketone (XIX) in ra t ios  of 4 : 1 : 2.5 (overal l  yield ~ 45%). In addition, the react ion products  contained 
about 40% of a hydrocarbon mixture  consist ing of (HI), hydrocarbons  with the composition C13H18 , and high- 
molecu la r -weigh t  hydrocarbons .  

CH3 
(l~) (xv1i) (;, vltT.) (XIX) 

The structure of the hydroxy ketone (XVID, which is the main reaction product, was proved largely by 
the spectral data. Thus, analysis of the PMR spectrum of (XVI]), recorded in the presence of Eu(DPM)3, showed 
that the benzyl proton at 2-C gives a doublet with J= 11.4 Hz, while the vicinal proton at 3 -C gives a triplet of 
doublets with J= 11.4 and 3.5 Hz. From this it follows that the COR and C6H 5 groups have the trans-diequatorial 
arrangement. The question of the configuration of the OH group cannot be considered finally solved, but by 
analogy with other hydroxy ketones formed during acylation of norcarane and its analogs it can be supposed 
that the hydroxy group has the cis configuration in relation to the COR group. 

The structure and stereochemistry of the hydroxy ketone (XVIID were proved by alternative synthesis 
from the trans-diketone (Xl[a) and phenylmagnesium bromide and also by the ]R data (the presence of an intra- 
molecular hydrogen bond)~ The unsaturated ketone (XIX) was identified by the PMR spectra and also by the 
fact that it is formed during the acid dehydration of hydroxy ketone (XVID. 

The question of the meckanism of the opening of the cyclopropane ring in the described reactions proved 
fairly complex, and its solution requires further investigation with the use of labeled derivatives. 

EXPERIMENTAL 

Pivaloyl tetrafluoroborate (IV) was generated directly in the reaction mass by the addition of pivaloyl 
chloride to a solution of an equimolar amount of AgBF 4. Compounds (1)-(Ill) were prepared by the method in 
[7]. The GLC analysis was performed on an LKhM-8MD chromatograph with a katharometer or flame-ioniza- 
tion detector (200-300 • 0.25 cm columns, 5% SKTFT-50Kh on Chromosorb G, 5% SE-30 on Chromaton N-AW- 
DMCS, 15% Reoplex-400 on Chromaton N-AW-DMCS, helium). The PMR spectra were recorded on a DA- 
60-IL instrument (60 MHz) with TMS as internal standard; the chemical shifts are given on the 6 scale; the 
signals were assigned by analogy with published data [8] and in accordance with their integral intensity, and in 
a number of cases double resonance was used to assign the signals and determine the spin-spin coupling cor~- 
stants. The IR spectra were recorded on a UR-20 instrument in carbon tetrachloride solution at a concentra- 
tion of ~ 0.i M and again with a concentration of ~ 0.003 M for the hydroxyl-containing compounds [9]. 

.Acylation of Norcarane (1). Method A. To a solution of 2.54 g (13 rnmole) of AgBF 4 in a 1 : 1 mixture of 
CH2CI 2 and C2HtCI 2 at -50~ we added a solution of 0.96 g (I0 mmole) of (D and 1.56 g (13 mmole) of pivaloyl 
chloride in 5 rnl of methylene chloride. The mixture was stirred at this temperature for i0 rain and decom- 
posed with a suspension of ice and sodium bicarbonate in cooled methylene chloride. After drying and distil- 
lation of the solvents, according to GLC data [SKTFT-50Kh, 170~ with (Va) as internal standard], the residue 
contained 39% of l-methyl-3-pivaloylcyclohexanol (V), 22% of l-methyl-6-pivaloylcyclohexene (VII), and 10% 
of 3-methyl-4-pivaloylcyclohexene (VHI). 

Method B. To a solution of 2.54 g (13 mmole) ofAgBF 4 in 20 ml of nitromethane at -25~ we added a 
solution of 0.96 g (i0 mmole) of (I) and 1.56 g (13 mmole) of pivaloyl chloride in 5 ml of nitromethane. The 
temperature was then raised to 0~ and the mixture was kept for i0 rain and treated in the usual way. After 
removal of the solvents 2.0 g of residue was obtained. According to GLC, it contained 36% of 2-methyl-3- 
pivaloylcyclohexanol (VI), 13% of compound (VII), 6% of compound (V), and 10% of the dimeric hydroxy ketone 
C 19H3402 . 

The hydroxy ketone (V) was isolated in the pure form by preparative TLC (silica gel L, 40-100 ~, 1.5 : 
1 : 1 ether-benzene-heptane, R f~- 0.18), mp 53-54~ Found %: C 71.91; H 11.28. C12H2202. Calculated %: 
C 72.68; H 11.19. ]l~ speetruzn (v, cm-l): 3611 w, 3440 (OH, intramolecular hydrogen bond), 1702 (C=O). 
PMR spectrmm: 1.11 s [9H, C(CH3)3]; 1.16 s (3H, CH3) ; 2.8-3.1 m (1H, CHCO); 3.15 s (1H, OH). Mass spec- 
trum, m/e: 183 (M-CH3) +, 180 (M-H20) +, 141(M-C4Hg) +, 123 (M-C4H 9-H20) +. 
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The hydroxy ketone (VI) was also isolated by prepara t ive  TLC (sil ica gel L, 40-100 p,  1 : 1 : 1.5 e t h e r -  
b e n z e n e - h e x a n e ,  Rf  ~ 0.22), mp 58.5-60~ Found %: C 72.27; H 11.06. C12H2202. Calculated %: C 72.68; 
H 11.19. IR spec t rum (v, era-l): 3629 w, 3430 (OH, in t ramolecula r  hydrogen bond), 1691 (C=O). PMR spec-  
t r am:  0.80 d (3H, CH3, J= 7 Hz); 1.11 s [9H, C(CH3)~]; 3.11 m (1H, CHCO); 3.52 m (1H, CHO); 4.22 s (1H, OH). 
Mass spec t rum,  m / e :  180 (M - H20) +, 141 (M - C~Hg) +, 123 (M - C4H 9 - H20) +. 

The unsatura ted ketone (VII) was isolated in the pure form by prepara t ive  GLC (Reoplex 400, 175~ af-  
t e r  dist i l lat ion of the react ion mixture  (or  the res idue f rom the prepara t ive  plate) under vacuum. A fract ion 
boiling at  65-70~ (1 mm Hg) was obtained. Found %: C 79.25; H 10.92. C12H200. Calculated %: C 79.91; H 
11.11. IR spec t rum (v, cm-1): 1700 (C=O), 1670, 3040 (C=CH). PMR spect rum:  1.11 s [9H, C(CH3)3]; 1.41 
(3H, CH3); 3.5 m (1H, CHCO); 5.5 m (1H, C =CH). 

The d imer ic  hydroxy ketone C19H3402 was isolated by prepara t ive  TLC under the same conditions as {VI) 
(Rf~0.45) ,  mp 83-84~ IR spec t rum (v, cm-1): 3410 (OH), 1686 (C=O). PMR spect rum:  1.20 s [gH from 
total  protons ,  C(CH3)3]. Mass spec t rum,  m / e :  294 w (M) +, 279 w (M - CH3) +, 276 (M ~ H20) +, 237 (M - C4H9) +, 
219 (M - C4H 9 - H20) +, 191 (M - COC4H 9 - H20) +. 

Epimerization of (V). A solution of 0.4 g of hydroxy ketone (V) in 7 ml of methanol with the addition of 
0.i g of sodium methoxide was boiled for 3 h. After the usual treatment and removal of the solvent 0.39 g of 
a residue was obtained. It consisted of a 1 : 2.7 mixture of (V) and (Va) (GLC, SKTFT-50Kh, 170~ By pre- 
parative TLC (silica gel L, 40-100 /z, 1.5 : i: 1 ether-benzene-hexane, Rf~ 0.26) 0.28 g (70%) of l-methyl-3- 
pivaloylcyclohexanol (Va) was obtained; mp 58.5-60~ Found %: C 72.31; H 11.25. C12H2202. Calculated %: 
C 72.68; H 11.19. IR spectrum (v, cm-l): 3620 (OH), 1706 (C=O). PIVIR spectrum: i.ii s [gH, C(CHa)3]; 1.16 
s (3H, CH3); 3.15-3.45 (2H, CHCO, and OH). Mass spectrum, m/e: 198 (M) +, 183 (M - CH3 )+, 180 (M - H20) +, 
141 (M - C4H9) +, 123 (M - C4H 9 - H20) +, 113 (M - COC4H9) +. The reverse epimerization of compound (Va) un- 
der analogous conditions also gives a mixture of isomers in a ratio of 2.7 : i. 

Alternative Synthesis of (V) and (Va). To a solution of methylmagnesium bromide (from 0.16 g of mag- 
nesium) we added 0.55 g (3 mmole) of 3-pivaloylcyclohexanone (X) in 5 ml of ether. The mixture was stirred 
for 5 rain and decomposed with dilute hydrochloric acid. After distillation of the ether the residue was sepa- 
rated by preparative TLC as described above. A 0.27-g yield (45%) of the hydroxy ketone (V) and 0.21 g (40%) 
of the isomer (Va) were obtained. Their identity with the previously obtained compounds was confirmed by 
GLC, TLC, and IR spectra. 

Aeylation of (VI). To a solution of 0.7 g (3.5 mmole) of (VD in 5 ml of pyridine, while stirring and cool- 
ing with ice, we added drepwise 1 ml of acetyl chloride. After 2 h the mixture was poured into ice and ex- 
tracted with ether. After distillation of the ether the residue was distilled under vacuum. A 0.78-g yield 
(90%) of 2-methyl-3-pivaloylcyclohexyl acetate (XD was obtained; bp 100-101~ (i mm Hg). Found %: C 70.43; 
H 9.94. C14H2403. Calculated %: C 69.97; H 10.06. IR spectrum (v, cm-l): 1702 (C=O), 1738 (OC=O). PMR 
spectrum: 0.79 d (3H, CH3, J~ 7 Hz); I.ii s [gH, C(CH3)3]; 1.97 s (3H, CH3); 2.3 m (IH, CHC); 3.0 m (IH, 
CHCO); 4.7 m (IH, CHO). Mass spectrum, m/e: 240 w (M) +, 183 (M - C4H9) +, 180 (M - CH.3COOH) +. 

Oxidation (YD. To a solution of 0.5 g (5 mmole) of chromic anhydride and 0.6 g of sulfuric acid in i0 
ml of water we added a solution of 0.78 g (4 mmole) of (VI) in 3 ml of acetone. The mixture was stirred for 
30 rain. It was then decomposed with water, extracted with ether, and dried with sodium sulfate. After dis- 
t i l lation of the solvents  0.73 g (90%) of c i s -2-methyl -3-p iva loylcyc lohexanone  (XII) was obtained; mp 83.5- 
84~ Found %: C 72.97; H 9.98. C12H2002. Calculated %: C 73.45; H 10.20. IR spec t rum (v, cm-1): 1709, 
1723 (C =O). PMR spect rum:  0.83 d (3H, CHz, J ~  7 Hz); 1.11 s [9H, C(CH3)3] ; 2.0-2.5 (3H, CH2COCH); 3.69 
m (1H, CHCOR). 

Epimer iza t ion  of Diketene (XID. A solution of 0.26 g of (XI]) in 6 ml of methanol with the addition of 0.2 
g of sodium methoxide was boiled for 4 h. After  the usual t r ea tment  and removal  of the solvent  0.26 g of a 
crys ta l l ine  substance was obtained. According to GLC (SKTFT-50Kh, 180~ it contained 15% of the initial 
c is-diketone (XII) and 85% of the t rans  i somer  (XIIa). The la t te r  was isolated in the pure form by prepara t ive  
TLC (sil ica gel LS, 5-40 p,  1 : 1 :  i e t h e r - b e n z e n e - h e x a n e ,  Rf ,~0.45; for  the initial cis-diketone R f ~  0.3); 
mp47-48~ Found%: C 73.67; H 10.24. C12H2002. Calculated%: C 73.45; H 10.20. PMR spectrum: 0.75 d 
(3H, CH3, J ~  7 Hz); 1.11 s [9H, C(CH3)3]; 2.6-3.0 m (1H, CHCOR). The r e v e r s e  epimer iza t ion led to the same 
mix ture  of i somers .  

Dehydrat ion of the Hydroxy Ketone (VII). A mixture  of 0.5 g (2.5 mmole) of (VI) with 0.5 g (3.7 mmole) 
of KHSO 4 (calcined at  300~ was heated at 170~ for  5 rain and cooled. A solution of potass ium carbonate was 
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added, and the mix ture  was ex t rac ted  with e ther .  After  removal  of the solvent 0.4 g (90%) of a residue was ob- 
tained, according to GLC (Reoplex-400, 150~ it contained two products ,  one of which was the unsaturated 
ketone (VII) d i scussed  above. The second compound, which was isolated by prepara t ive  GLC, was the ? ,6-un-  
sa tura ted  ketone (VIII). IR spectruan (v, crn-1): 1698 (C =O), 1657, 3024 (CH=CH). PMR spect rum:  0.80 d 
(3H, CH3, J ~  7 Hz); 1.11 s [gH, C(CH3)3]; 3.0 rn (1H, CHCO); 5.55 rn (2H, CH=CH). 

Product ion of 6-Oxabicyclo[3.2.1]octane Der ivat ives .  The acylat ion of (D was ca r r i ed  out as descr ibed  
above, but the reac t ion  mix ture  was decomposed by the addition of sodium borohydride with s t i r r ing  for 1 h. 
After  the usual t r ea tmen t  the residue was dist i l led under vacuum, and the fract ion boiling at  70-80~ (7 mm 
Hg) was collected. In this way the reac t ion  in a 1 : 1 mixture  of CH2C12 and C2H4C12 at -50~ gave 36% of 5- 
methy l -  7-te r t -bu ty l -6 -  oxab icyclo[3.2.1] octane (X IV) and 20% of 8 -methyl -  7- ter t -butyl-6-oxabicyclo[3.2 .1]  - 
octane (XHI), and react ion in n i t romethane a t - 2 0 ~  gave 35% of (XIII) and 7% of 0ilV). The i somers  were  
separa ted  by prepara t ive  GLC (Reoplex-400, 160~ or  by prepara t ive  TLC [silica gel LS, 5-40 ]~, 4 : 1 h e x a n e -  
e ther ,  R f ~ 0 . 4  for  (XII1) and ~0.5  for (X1V)]. In the IR spec t ra  of both i somers  there  a re  no f requencies  in the 
region of 1500-1800 and 3000-3600 cm -I. PMR spec t rum (X]II): 0.98 d (3H, CH3, J ~  7 Hz); 1.0 s [9H, C(CH3)3]; 
with the addition of Eu(DPM) 3 or  Eu(fod) 3 the C(CH3) 3 signal was shifted downfield more  s t rongly than the CH3+ 
signal; 3.66 d (1H, CI-IRO, J=2 .8  Hz); 3.89 (1H, CHO). Mass spec t rum (HI), m / e :  1.82 (M) +, 125 (M - C 4 H  9) , 
107 (M - C4H 9 - H20)+; mass  spec t rum (XIIIa): 1.83 (M) +, 126 (M - C4H9) +. Found %: C 78.39; H 12.18. 
C12H220. Calculated %: C 79.06; H 12.16. PMR spec t rum (XIV): 0.98 s [gH, C(CH3)3] ; 1.20 s (3H, CH3); 3.55 d 
(1H, CHRO, J= 2.7 Hz). 

Acylation of 1-Methylnorcarane  (ID. To a solution of 2.54 g (13 mrnole) of AgBF 4 in a 1 : 2 mixture  of 
CH2C12 and C2H4C12 at  -35~ we added a solution of i .1 g (10 mmole) of (ID and 1.56 g (13 rnmole) of pivaloyl 
chloride in 5 ml of methylene chloride.  The mixture  was s t i r r ed  for 20 rain and decomposed with a mixture  
of ice and sodium carbonate.  Af ter  the usual t r ea tmen t  the residue was separa ted  by prepara t ive  TLC (alu- 
minum oxide, 1 : 1 : 1 e t h e r - b e n z e n e - h e x a n e ) .  A 0.78-g yield (37%) of 1 ,2-dimethyI-3-pivaloyleyclohexanol  
(XV) was obtained; R f ~ 0 . 2 5 ,  rnp 50-.51~ Found %: C 73.16; H 11.24. C13H2402. Calculated %: C 73.54; H 
11.43. ]R spec t rum (~, cm-1): 3612 (OH), 1704 (C=O). 1)MR spectrum: 0.72 d (3H, CH 3 at  2-C, J ~  7 Hz); 
1.10 s [9H, C(CH3)3] ; 1.04 s (3H, CH~) [the addition ofEu(DPM) 3 shifts this signal downfield]; 2.67 rn (1H, CHCO); 

�9 3.25 s (1H, OH). Mass spec t rum,  m / e :  212 (M) +, 197 (M-CH3)  +, 194 ( M - H 2 0 )  +, 155 (M-C4H~) +, 137 ( M -  
C4H 9 - H 2 0 )  +. A 0.20-g yield (9%) of the hydroxy ketone (XVD was also obtained; RfN0.4 .  IR spec t rum (p, 
cm-1): 3621, 3430 (OH); 1692, 1702 (C=O, in t ramolecula r  hydrogen bond), t)MR spect rum:  0.85 d (3H, CH 3 
at 2-C, J ~  7 Hz); 1.10 s (3H, CH3); 1.15 s [gH, C(CH3)3] ; 3.35 m (1H, CHCO); 5.06 s (1H, OH). 

Al ternat ive  Synthesis of (XV) and (XVLD. To rnethylmagnesium bromide in e ther  we added an equimolar  
amount  of the cis-diketone (XID. Tl{e mixture  was t rea ted  in the usual way, and ~ 80% of the hydroxy ketone 
(XVD was obtained. Simi lar ly  f rom t rans-d ike tone  (XHa) and rnethylmagnesium bromide we obtained 15% of 
the hydroxy ketone (XV) and 65% of the hydroxy ketone (XVa); mp 64.5-66~ IR spec t rum (, ,  crn-1): 3620 (OH), 
1700 (C=O). PMR spect rum:  0.75 d (3H, CH. 3 at  2-C, J ~  7 Hz); 1.13 s [9H, C(CH3)a] ; 1.20 s (3H, CH3) ; 3.07 td 
(1H, CHCO, Jaa ~ 11, Jae ~ 4 Hz); the signal of the OH group is in the region of the methylene protons.  

Acylation of l-Phe...nylnorcarane (HI). To a solution of 2.54 g (13 mmole) of AgBF~ in a 2 : 1 mixture of 
CH2CI 2 and CH3NO 2 at -30~ we added a solution of 1.72 g (i0 rnrnole) of (ill) and 1.56 g (13 mmole) of pivaloyl 
chloride in 5 ml of methylene chloride. The mixture was stirred for 20 rnin and decomposed with a mixture 
of ice and sodium carbonate. After the usual treatment and removal of the solvents we obtained 2.35 g of a 
residue, from which by re crystallization from a i0 : 1 mixture of hexane and benzene we isolated 0.66 g (24%) 
of l-methyl-2-phenyl-3-pivaloylcyclohexanol (XVID; mp 160~ (sublimation). Found %: C 78.73; H 9.85. 
C18H2602. Calculated %: C 78.86; H 9.60. IR spectrum (v, cm-1): 3592 (OH), 1702 (C =O). PMR spectrum: 
0.92 s [9H, C(CH3)3]; 1.17 s (3H, CH3); 1.62 (OH); 3.07 d (IH, CHPh, Jan= ii.4 Hz); 3.43 td (IH, CHCO, Jan = 
11.4, Jae=3.5 Hz); 7.18 s (5H, C6H~). Mass spectrum, m/e: 274 (M) +, 256 (M - H20) +, 217 (M- C4H9) +, 199 
(M - C4H 9 - H20) +, 171 (M - COC4H 9 - H20) +. The mother solution after isolation of (XVID was evaporated and 
distilled under vacuum. The first fraction [0.35 g (20%), bp 80-86~ (I mm Hg)] took the form of a mixture of 
at least four hydrocarbons. According to GLC (Reoplex-400, 180~ it contained 10-15% of the initial com- 
pound (III), and according to the mass spectrum it contained C13H18 hydrocarbons (m/e 174). Found %: C 88.98; 
H 10.02. CI3HIs. Calculated %: C 89.57; H 10.43. The second fraction [0.38 g (15%), bp 96-99~ (! ram Hg)] 
was l-methyl-2-phenyl-3-pivaloylcyclohexene (XIK). IR spectrum (v, crn-l): 1700 (C = O), 1665 w (C =C), 1600 
(C6H5). PMR spectrum: 0.75 s [9H, C(CH3)3] ; 1.47 s (3H, CH3); 3.84 m (IH, CHCO); 6.8-7.3 m (5H, CGHs). 
From the residue after distillation, by preparative TLC (aluminum oxide, 1 : 1 : 1 benzene-hexane-ether), we 
isolated 0.16 g (6%) of 2-methyl-l-phenyl-3-pivaloyleyclohexanol (XVIID; R f~ 0.3. Found %: C 78.96; H 9.57. 

2343 



C18H2~O 2. Calculated %: C 78.86; H 9.60. IR spectrum (v, cm-1): 3609 w, 3384 (OH), 1690, 1700 (C =O, intra- 
molecular hydrogen bond). PMR spectrum: 0.61 d (3H, CH3, J~  7 Hz); 1.13 s [9H, C(CH3)3]; 3.15 q (1H, CHCO, 
Jae ~ Jee ~ 5 Hz); 4.30 s (1H, OH); 7.05-7.55 m (5H, C6I~). 

A 0.35-g yield (20%) of a colorless glassy hydrocarbon was also isolated; Rf~ 0.95. Found %: C 89.23; 
H 9.46. (C13H16) n. Calculated %: C 90.58; H 9.42. 

Alternative Synthesis of (xvm) .  From equimolar amounts of the trans-diketone (XIIa) and phenylmag- 
nesittm bromide in ether we obtained 35% of the hydroxy ketone (XV]]/) and 60% of the isomeric 2-methyl-1- 
phenyl-3-pivaloylcyclohexanol; mp 129-t30~ IR spectrum (v, cm-1): 3600 (OH), 1708 (C =O). 

Dehydration of the Hydroxy Ketone (XVII). To a solution of 0.27 g (1 mmole) of (XVII) in 3 ml of C2H4C12 
we added five drops of tr if luor6acetic acid.and 0.1 g of phosphorus pentoxide. After 15 rain the mixture was 
washed with water and dried with sodium sulfate. After distillation of the solvent 0.26 g of a viscous liquid 
containing about 90% of (XIX) (GLC, SE-30, 190~ was obtained. 

C ONC LUSIONS 

The decomposition of the complex obtained in the reaction of pivaloyl tetrafluoroborate with norcarane 
and its 1-methyl and 1-phenyl derivatives by water gives 1-hydroxy-3-pivaloyl derivatives of cyclohexanes 
and the corresponding unsaturated ketones. The hydride decomposition of the same complex leads to deriva- 
tives of 6-oxabicyclo[3.2.1]octane. 
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