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FORMATION OF CARBOXONIUM SALTS IN THE 

ACYLATION OF ALKENES BY ACYLIUM SALTS AND 

SOME PROBLEMS OF THE MECHANISM OF ACYLATION 

O. V. Lyubinskaya,  V. A. Smit, 
A. S. Shashkov, V. A. Chertkov,  
M. I. Kanishchev,  and V. F. Kucherov 

UDC 541.124:542.951.1:547.313 

Low-tempera ture  a cylation of alkenes by acylium salts  leads to fi, y -unsa tura ted  ketones [1]. We have 
now shown that this react ion can be ca r r i ed  out in a different way and constitutes a general  route to f ive -mem-  
bered  carboxonium sal ts .  The react ion is par t icular ly  facile for  alkenes with branching at the allylic carbon. 
Thus, addition of isopropylethylene (I) to a suspension of (CH3)3CCOBF 4 (I1) in CH2CI 2 at --50~ resul ts  in the 
rapid formation of a homogeneous solution whose PiVIR spectrum shows the signals of carboxonium salt  (11I), 
while the signals of start ing (I) are a lmost  completely absent.  Salt (IID is easily isolated by removal  of the 
solvent under vacuum between --10 and --15~ and can be purified by reprecipi ta t ion from CH2CI 2 solutionwith 
absolute e ther .  The reactions of (II) with ter t-butylethylene (IV) and 2, 3, 3 - t r ime thy l - l -bu tene  (V) are  s imi-  
lar .  The formation of salts (III), (VI), and (VII) can be descr ibed  formal ly  by scheme 1, which involves 1 ,2 -  
shift of hydride [(III)] or CH 3 

Scheme t 

R~ \C+__CH2 
R2~C--C =CHg (CH~/aCCOBF,(II) R3 ~ 

R ' /  l~l~ C(CH3)~ 
/ !  II I (I), (IV). (V) R 2 R z 0 

t 
t/4 R 4 

R 3 I R3 [ 

I /N / / l~  (n-Bu),NBIt, p t l~/ '~  ~'"NC(CHa) e 
R: 0 H 

B F : -  
(VIII) ,  (IX), (X) (III), (VI), (VII) 

* R 4 
\ _ _  

tl I 
- - •  R~--C CC(CHa)a 

R z 0 

RI= Ile~- CH3; R 3= R 4~ H (1), (llI), (VIII); R z= 112= R s~ CIla; 
R4= H (IV), (VI), (IX); RZ= RZ:Ra= R*----- CHs (V), (VII), (X) 

These salts are  reasonably stable and in the absence of mois ture  can be s tored at room tempera ture  
for severa l  weeks at least .  

The PMR spectra of (III), (VB, and (VII) (Table 1) are consistent  with l i terature data for s e v e r a l o f  the 
s implest  cyclic f ive -membered  carboxonium salts [2-4]. However,  the 13C NMR spect ra  are more  informative 
(Table 1). Thei r  mos t  charac te r i s t i c  feature is the presence of two groups of downfield signals at 245-246 and 
121-123 ppm, which belong to 2-i3c and 5-13C, respect ively .  The 2-13C signals lie 30-35 ppm downfield from 
those of the carbonyl  carbon in ketones (CH3)aCCOR (6 211-215 ppm [5]), which is close to the value of 40-45 
ppm reported for the shift of the carbonyl carbon signal on protonation [6]. The shift of the 5-13C signal 

*We write the react ion sequence thus for c lar i ty .  A refined version appears  inScheme 6, 

�9 N. D. Zelinskii Institute of Organic Chemist ry ,  Academy of Sciences of the USSR, Moscow. Trans la ted  
from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya,  No. 2, pp. 397-408, February ,  1978. Original 
art icle submitted September 21, 1976. 
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TABLE 1 

Alkene 

(i) 

( iv) 

(v) 

(XVnl) 

(XVlO 

(XI) 

(xlx) 

Carboxonium salt 

S 

M; 5 DF; 

M e \ 4  a 

M; 6 B F ;  

Me 
He4_J a 

~ le ' - ]~ - -Bu- t  (VII) 
Me 0 BF-~ 

4 8 

n - C 6 I - I i , - - ~ / / J - - B u - t  

5 (xxll BF: 

BF~ 
(XX) 

Yie ld ,  

O7o 

(M) 75 

(vl) 86 

85 

81 

9O 

95 

rap, *C 

!164-168 

168-t72 

200-202 

SernicrystalUn~ 
mass 

188-191 

tt0-tt5 

2-C 

IsC 245,90 
I H 

13C 245,93 
tI~ 

IsC 245,50 
1H 

zsC 248,21 
l H - -  

tsC 249,98 
1H 

IsC 247,59 
I]- I 

tH 

ring atoms 

3-(] At-C 

42,45 
3,98 

48,31 
3,92 

53,86 
3,65 

42,16 
3,9 

50,53 
4,t8 

61,69 
4,21 

4,0i 

NMR parameters, 6, ppm* 

5-G 

3t,58 
2,42 

38,O4 
2,85 

42,02 

~,09 
t,8-3,0 

37,83 
2,3-3,t 

53,39 104,41 
3,62 6,0 

2;6-2,9 6,1 

substituents on 

2-C [C(Ctt3)~I 

42,20 25,07 
1,37 

42,69 26,22 
1,44 

42,26 24,19 
1,21 

42,84 26,53 
t,45 

43,45 25,75 
1,53 

43,02 25,20 
t,~3 

1,54 

3-(I ~-C 

- 2,62 
- t,t~ 

- 0,4c~ 
- 0,9~ 

4r D 32,9' 

0,9 

5-C 

26,23 
t,75 

20,84 26,46 
t,83 1,59 

20,92 
t,5 

31,t7 
t,8-3,0 

26,33 
2,8-3,1 

42,40 

*PMR multiplicities and intensities are consistent with the structures. 
1"Only the PMR parameters are quoted for salt (XXII), since it could not be isolated in the pure state from the mixture with 1-methyl- 
eyelohexene oligomers. 

r e l a t ive  to the a - c a r b o n  s igna l  of the c o r r e s p o n d i n g  t e t r a h y d r o f u r a n  der iva t ive  is about  30-40 ppm [for (IID 
and (VIII) A5 =40 ppm] .  T h e s e  pe r a m a gne t i e  shif ts  imply  pa r t i a l  loca l i za t ion  of the posi t ive  charge  onboth  
5-C and 2 -C ,  which suppor t s  the cyc l i c  s t r u c t u r e  of the synthet ic  s a l t s .  

We ve r i f i ed  the s t r u c t u r e s  of (HI), (VI), and VM) f r o m  the i r  r eac t ions  with nuc leoph i les .  The  m o s t  
unequivoca l  ev idence  comes  f r o m  the i r  r eac t ions  with h y d r i d e - i o n  donors  (NaBH4, Et3SiH, o r  n-Bu4NBH4), 
which f o r m  THF der iva t ives  (VIII), {IX), and (X), r e spec t i ve ly ,  which we c h a r a c t e r i z e d b y  e l emen ta l  ana lys i s ,  
and PMR (Table 2) and m a s s  s p e c t r a .  

Acy la t ion  of n o r b o r n e n e  (XI) (Scheme 2) with (II) [under the condi t ions  of the r e a c t i o n  with (I)] f o r m s  c a r -  
boxonium sa l t  (XII~), whose  s t r u c t u r e  we deduced f r o m  its NMR p a r a m e t e r s  (Table 1) and ve r i f i ed  by the f o r -  
mat ion  of p roduc t s  (XIIIa) and (XIV) on t r e a t m e n t  of (XIIa) with w a t e r  o r  NaBH 4, r e s p e c t i v e l y .  

We did not  a t t e m p t  to i so la te  ca rboxon ium sa l t  (XIIb) f r o m  the r e a c t i o n  of (XD with CH3COBF 4. However ,  
the p roduc t s  de r ived  f r o m  t r e a t m e n t  of  the r eac t i on  complex  with wa te r  o r  absolute  CH3OH [prepara t ion  of 
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T A B L E  2 

Compound 

bp, ~ 
(HPg mm 

) 
2-G 3-C 4-C 

ring hydrogen at hydrogen of the 
_ col for- 

s-c :-a ~--~ ----~.c mula 
I - -  ~c (cu+).] l 

8 4 
Me - -  

\ {  J--Bu-t (VIII) 
~ e / \ O / ~ I  

Me t t  

Me H (A) 
Me~ 8 --![--H (B) (x) 
Me7\ / ] -Bu- t  
hie  O H 

8 4 
n=CaHt, ] - - 1  

\,l [--Bu-t 

li 
t 

0 

(xw)" 

It 

+ 74--7~ 
60ram) 

78--80 
50mm) 

36--t8~ 

45--50 
(2ram) 

75--76 
(2ram) i 

61--65 
(2ram) 

95,5 

85 

86 

83 

75 

7 8  

3,6m 
(IH) 

3,87 
fill) 

~,17 m 
OH) 

,4--2,02 m 
(IH) 

1,3--2,2m 

--  1,45and1,7~ 
(2H, AB- 
portibn of 
_ABX system) 

J=12 
1,01--2,0 m 

(4H ring -8H subst. ) 

2,08--2,48 2 ,0m(IH)  
(2H at 3-C 
and 3'-C) 

�9 �9 . 
Tentauve numbering by analogy with that conventional for (VIII)-(X). 

"l'Signal not given by the 5-d derivative (XXVI). 

3,97 m (ill) 

3,55 dd (iU) 
J = 1 0 , 5 a n a 5  

3,69 dd (ttlx) 
JAx = 7,5 
JBX=9,5 

3,42 m(IH)* 

3,65 d (ill) 

3,4 d (tH)t 

t , t2s  (6H) I 

0 ,%s (3lt) 94d 
i,~8 s (3g) 3H) 

=b,5 

0,94 s (5I/[) 00 s 
i ,o5  s (3H) 3H) 

i 0  s 
~ t )  

1,~8 - t , 7 0  (ring 
CH 2 ) 

0.8 s 
(0H} 

0,86 
(9H) 

0,85 s 
(OH) 

0,78 s 
9II)q- 
(3H) 

0,98 s 
(gu) 

C~oHe.O 

CnH~20 

C~o.I1240 

C~zli25C 

CmIl~(f 

Cnttz)( 

Found/Cal- 
culated, % 

G H 

76,50 12,86 
76,86 t2,90 

77,54 13,05 
77,65 i2,93 

78,11 12,92 
78~19 I3+i3 

78,58 i 13,05 

80,02 lI,10 
~,-~ 11,~8 

77,94 t2,0i 

iTJ 

(XIIIb) or  (XVD, respectively]  imply that this sal t  is formed in solution. We verified the s t ructure  and s t e reo -  
chemis t ry  of hydroxy ketone (XIIlb) by reduction to the known 2, 7 -syn-exo-norbornanedio l  [7, 8]. Since all 
products derived from acylation of (XI) have the acyl  moiety at  7-C, the react ion pathway must  obviously 
involve Wagne r - -Mee rwe in  r ea r rangement  (Scheme 2) 

�9 Scheme 2* 

...60 ~ 

(xi) 
y C O R  

H20 / / ~  ~ O H  R = C(CH3) 3 (XIIIa) 69~ 
~- R=CH3 (XIIIb) 60% 

/ S  
(XlI) R = C(CH3) 3 (a), _~:____C__C(CIt3) 3 

CH3 (b) ~ .  sXo o l0 (XIV) 95% 
NaBH 4 

We also found conditions under which earboxoninm salts can be prepared  from those atkenes whose low- 
temperature  acylation (between--50 and --30~ gives fl, y -unsa tura ted  ketones [1]. We found that at0~ the 
react ion of cyclohexene (XVII), 1-octene (XVIII) (Schemes 3 and 4), or  1-methylcyclohexene (XIX)with (II)forms 

* S e e  f o o t n o t e  t o  S c h e m e  1 .  
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R: C[cg~) 3 

H~ 

/H a b ; t 5  

. ,  I 
5 5 

b 

S !  

3,g~ 

q 

, ~ ppm 
f 

Fig.  1. PMR spec t ra  of the react ion  mixture :  a) 5 min  a f t e r  m ix -  
ing of the reac tan ts  at --50~ b) a f t e r  a fu r the r  20 min at --30~ 
c) a f t e r  warming  to 0~ and standing for 15 min .  

(XX) and (XXI) in good yield; the i r  spec t r a l  p a r a m e t e r s  r e s emb le  those of the sa l t s  a l ready  descr ibed  (Table 
2). We also ver i f ied  the i r  s t ruc tu re s  f rom the products  der ived by t r e a t m e n t  of the sa l t s  with nucleophiles 
such as wa te r  or  hydr ide- ion  donors .  

Since a reac t ion  such as  that  of (XVII) with (1I) can give e i ther  ~, T-unsa tura ted  ketone (XXIIt) (at --50~ 
[1]) or  sa l t  (XX) (at 0~ the l a t t e r  may  well  or iginate f rom the secondary  protonation of (XXIII): 

Scheme 3 

cD.~o,+cHc~: | BF" 

(xwl) 
(XXIIla) 

e* �9 BF" 
CDsNO,+ C H C I ,  

\ / /  -30~ fl ~ H  
(XXIII) 
1~ = C(CHs)3 ('XXIIIa) 

o 
0 

(xx) 
(xx~v~ 

A study of the acylat ion of (XVII) in the PM.R s p e c t r o m e t e r  tube (Fig.  1) r evea led  that ketone (XXIII) is 
f o rmed  f i r s t  at --50~ [as the p ro tona tedspec ie s  (XXIIIa)] (Fig.  1, spec t rum a); shor t ly  a f t e r  it becomes  a l -  
m o s t  the only detectable  product  [ spec t rum b is identical  to the spec t rum of a solution of (XXIIt) containing an 
equivalent  quantity of HBF~*]. Subsequent inc rease  in t e m p e r a t u r e  to 0~ causes  the d isappearance  of the s ig-  
nals of (XXIIIa) and the appearance  of the cha r ac t e r i s t i c  s ignals  of sa l t  (XX). This  p rocess  t e rmina tes  a f te r  
about 15 min  (Fig.  1, spec t rum c): s tandard  workup with aqueous NaHCO 3 resu l t s  in the quantitative format ion  
of hydroxy ketone (XXIV), which we identified b y e o m p a r i s o n  with a sample  synthes ized e a r l i e r  [7]. These  
resu l t s  suggest  that Scheme 3 rea l i s t i ca l ly  r e p r e s e n t s  the sequence of s teps involved in the react ion  of (XVII) 
with (II). Our invest igat ion of the acy la t ionof  (XVIII) in the PMR s p e c t r o m e t e r  tube a lso  c lea r ly  revea led  the 
reac t ion  sequence involved in the p repa ra t ion  of sa l t  (XXI): 

* Convers ion of (XXIII) to the protonated spec ies  (XXII/~) causes  a significant  pa ramagne t ic  shift of the a 
proton (0.21 ppm) and of the olefinic protons (A6 for  the center  of the mul t ip le t  is 0 .22  ppm).  
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RCO~BF~ 
n-C~HI~CH=CH 2 ..... __~ 

(XVlII) 

R = C(CH~)~ 

~60 o 

CH--CH~ 
I1 I 
CH C--R 

/ // 
n-CaHI~ 0 | | 

(XXVa) H t 

Scheme 4 
O14- 

---~'~> n-CsHn--CH=CHCH2COB. 

(XXVb and c) 
HBF4 

~50 o 

n-CsHn--]~+//~-- 
0 0 H(D) 

BF~- (XXVI), 83% 
(XXI), 8~% (XXVla), 2-(D) 

We were unable to detect such distinct changes in the react ion of 1-methylcyclohexene (XIX), since the 
PMR spect rum was complicated by the presence of o t igomeric  products .  However, this react ion also exem- 
plifies the dependence of the nature of the products on the react ion conditions: thus fi, 7-unsaturated ketone 
(XXVII) is exclusively formed in the low-temperature  react ion of (XIX) with (II) (between --50 and --30~ 
whereas  salt  (XXID and the corresponding hydroxy ketone (XXVIII) can be obtained if the react ion mixture is 
warmed to 0~ and then worked upwith aqueous NaHCO 3. 

The react ion of 1-methylcyclopentene (XXX) with (II) give equivalent resul ts :  

Scheme 5. 

( H 2 ~ , C H  3 

n:2 (XlX) 
n=~ (XXX) 

l v -,CH 3 I l s 
L. H .J  ~0 o n = 2 (XXVII) 

n : I (xxxD 

~ --R OH~ (H (H~ 
BF~ Hs 

#~ffi2 (XXII) 
n : 2  (XXVIII} 
n : ~  ( X X X I I )  

R = C(CH8)3 

Our resul ts  in their  ent i re ty suggest  a gene ra l s cheme  for the mechanism of acylat ion of alkenes by 
acylium salts {Scheme 6) 

Scheme 6 

R 4 

�9 0 ~ C ~ C - -  I 

RI=R2=I[ A 
R 3, R 4= H, Alk 

\ R  2, R 3= Alk 
6 0 ~ 1  Rt = ~Ik, II 
~ t  

B 

R 4 
\ / 

In this scheme we assume that the react ion of a lkenes with no branching at the allyiic carbon is a concer ted 
process  involving the s ix -membered  transi t ion state A, which is also responsible for the formation offi, 3/- 
ra ther  than the more  stable a , /%unsa tu ra ted  ketones [9]. The p re fe r red  react ion pathway for alkenes with 
branching at the allylic carbon is a 1, 2-shif t  (or skeletal r ea r rangement )v ia  t ransi t ion state B, the driving 
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force for which is reorganizat ion to the stable f ive -membered  cyclic salt  sys tem.  The/~, T-unsaturated 
ketches are  quite easi ly converted to the carboxoninm salts provided thatone of the 2-C substituents is alkyl. 
We were unable to find conditions for  the acylation of c i s - t r ans -2 -bu tenes  (R i =R 2 =R 3 =H) that would give the 
carboxonium salt,  and the react ion at higher t empera tures  forms conjugate addition products [10]. 

Thus,  as a resul t  of this and ea r l i e r  work [1, 7], we have elucidated the major  patterns in the acylation 
of alkenes by acylium salts and have demonstrated that this method obviates a whole ser ies  of complications 
accompanying the use of the c lass ica l  Kondakov- -Krap iwin - -Darzens  acylation of alkenes [11]. Indeed, since 
this react ion requires  ra ther  harsh conditions and involves the presence of reactive nucleophiles in the mixture,  
its general  resul t  is the formation of product mixtures  (unsaturated ketones and fl-halo, and fl-acyloxy ketches) 
and only in a l imited number of cases  can it provide a convenient preparat ive route to ~, fi-unsaturated ketones. 
The conditions that we have developed make i tpossible  to c a r r y  out the react ion quite unambiguously, thereby 
prepar ing ei ther  (~, f l-unsaturated ketones or  cyclic carboxoninm salts ,  which in turn can be converted into 
funetionalized ketones or  THF derivat ives .  This route to carboxonium salts seems more  general  and con- 
venient than those descr ibed in the l i tera ture ,  such as protonation of 7, 5-unsatura ted  ketches in strongly acidic 
medium [3, 9], dehalogenation of a - b r o m o  ketches [12], solvolysis ofT-subst i tuted ketones [13], and proton--  
ation of (~,fl-unsaturated ketones [2, 4]., 

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

Control of the reactant  purity,  analysis  of react ion mixtures ,  and in severa l  cases  preparat ive isolation 
and purification of the products were ca r r i ed  outby GLC on LKhM-5 chromatographic  sys tems:  2-2.5 m x 4-6 
mm columns (8-9 mm for preparat ive separat ions);  detection by ka tharometer  or  f lame-ionizat ion detector;  
s tat ionary phases: Apiezon M, neopentyl glycol succinate,  SE-30, SKTFT-50 X silicone e las tomer  (3-10%), 
on Chromosorb W. 

The IR spectra were recorded  on a UR-20 instrument  in CCl4; the PMR spectra ,  on a DA-60-IL instru-  
ment; the 13C NMR spectra ,  on a WP-60 at 15 MHz. Signals were assigned from the i r  multiplicity under off- 
resonance conditions and from l i terature data on the dependence of chemical  shifts on the degree of branching 
at neighboring carbon a toms.  Chemical shifts were recorded  on the 5 s c a l e ,  relative to hexamethyldisiloxane 
(HMDS) or  te t ramethyls i lane (TMS) as internal s tandard.  Mass spectra were recorded  on MKh-5 and CH-6 
instruments .  

The water  content of all solvents did not exceed 0.01%. Acylation of olefins was ca r r i ed  out in an a tmo-  
sphere  of argon. 

Acylation of Isopropylethylene.  a) Carboxonium Salt (III). After  addition of BF 3 (672 ml,  30 mmole) 
by syringe toa  solution of (CH3)3CCOF (3.42 g, 33.0 mmole) in  absolute CH2CI 2 (100 ml) a t - -50~ a light 
precipitate of piv~loyl te traf luoroborate  immediately began to fo rm.  After  30 mill s t i r r ing  at --50~ a cold 
solution of(I) (2.52 g, 30 mmole) in absolute CH2CI 2 (10 ml) was added dropwise.  The mixture was s t i r red  
at --50~ for 10 rain, whereupon the solvent was removed under vacuum between 0 and --10~ The c rys ta l -  
line product (6.7 g) was purified from CH2CI 2 solution by reprecipi ta t ion with ether and dr iedunder  vacuum 
to give (III) (5.75 g, 74.5%), mp 164-168~ (decomposit ion)(Table 1). Fotmd: B 4.60; F 31.10%. CgHlsOBF4. 
Calculated: B 4.30; F 29.60%. 

b) 2 ,2 -Dimethy l -5- te r t -bu ty l te t rahydrofuran  (VIII). To a s t i r r ed  solution of salt  (III) (2.98 g, 11.2 
mmole) in aDsointe CH2CI 2 (50 ml) at --50~ was added NaBH 4 (2 g) in absolute CHxCI 2 (10 ml); the temperature  
was gradually ra i sed  to 20~ (45 mill). The react ion mixture was then cautiously poured into a mixture of 
ether  and aqueous NaHCO 3. After  the usual t rea tment  and remova lo f  the solvent the residue was distilled to 
give (VIII) (1.67 g, 95.5%) 

H H CH3 
| 5 t! 

~CH 5 ~ C H 3  

(Table 2). ]1t spect rum:  1076 cm -1 (C -- O- -  C); it lacked the OH, C =C, and C =O absorption bands. 13C NMR 
spectrum (CH2C12, 5, ppm from TMS): 86.60 (5-C), 79.95 (2-C), 38.88 (3-C), 26.95 (4-C), 33.42 (5-C), 
28.74 and 27.92 (2 '-C),  25.89 (3 .5"-C) .  Mass spectrum: 99 (M - C4H9) +, 81 (M -- C4H 9 -- H20) +. Compounds 
(VI), (VII), and (XIIa) were prepared  s imi lar ly  (Table 1). Because of their  hygroscopy,  sat isfactory elemental  
analyses could be obtained on lyfor  (VID. Found: B 5.32; F 28.22%. C12H23BF 4. Calculated: B 4.09; F28.10%. 
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2 , 2 , 3 - T r i m e t h y l - 5 - t e r t - b u t y l t e t r a h y d r o f u r a n  (IX). To a solution of sa l t  (VI) (0 .5!  g, 20 mmole)  in 
absolute CH2C12 (50 ml) was slowly added (n-CaHs)4NBH 4 (0.51 g, 20 mmole)  in CH2CI 2. The reac t ion  mix tu re  
was s t i r r e d  for  30 min  and thenwashed  with 10%NaOH solution a n d w a t e r .  Af ter  drying over  Na2SO 4 the so l -  
vent was evapora ted  and pentane was addedto  the r e s idue .  The r e su l t i ngprec ip i t a t e  of (n-C4Hg)4NBF 4 was f i l -  
t e red  off and pentane was evapora ted  to give (IX) (0.29 g, 85~  (Table 2). 

2, 2, 3 , 3 - T e t r a m e t h y l - 5 - t e r t - b u t y l t e t r a h y d r o f u r a n  (X) was p r e p a r e d  f rom sa l t  (VII) under  the same  con- 
ditions as (IX) (Table 2). Mass  spec t rum:  169 (M --CH3) +, 127 (M - -  C4H9) +, 109 (M --  C4H 9 --  H20) +, 57 
(C4H9) +. 

8-tert-Butyl-3-oxabtcyc[o[2, 2, 1, 2] nonane (XIV) was prepared from salt (XIIa) by the procedure for 
the preparation of (VIII) (Table 2). Compound (XIV) was a mixture of two isomers (GLC, SE-30, 160~ in the 
ratiol �9 9. Chromato-mass spectrum: (XIVa) 180 (M+); (XIVb) 180 (M+). 13C NMR spectrum (5, ppm, from 
TMS): 87.94 (8-C), 80.50 (2-C), 50.26 and 48.93 (I-C and7-C), 35.51and35.27 (3-C and4-C), 33.96 and 
33.72 (5-C and 6-C), 27.23 (10-C), 18.27 (9-C). 

7")~--=C--C(CH 3)3 

syn-exo-2-Hydroxy-7-p tva . loy inorbornane  (XIIIa). Salt (XIIa) (0. 73 g, 2.74 mmole)  tn e ther  --CH2CI 2 
was shaken with NaItCO a solution; the organic  l aye r  was washedwith  water  and d r i e d o v e r  Na2SO 4. Remova l  
of the solvent  gave hydroxy ketone (XIIIa) (0.37 g, 6~1;), mp 68-69~ Found: C 73.52; H 10.39%. CI2It2002. 
Calculated: d 73.40; 14 10.27%. Mass  spec t rum:  196 (M+). PMR spec t rum:  3.97 br .  s (1 H, OH), 3.45 br. t 
(1 H, C14-OI-I), 2.75 s (1 H, CH-CO), 2.4 s (1 14, C ( O H ) - C H - C - C O ) ,  2.18 s (1 H, C - H ) ;  1.02 s [9 H, C (CHa)3]. 

Aeylat ion of Norbornene by Aeetyl  T e t r a f l u r o r b o r a t e .  a) syn -exo -2 - I t yd roxy -7 -aee ty ino rbo rnane  
(XIIIb). To a s t i r r e d  solution of AgBF 4 (4.06 g, 21 mmole)  in absolute CI-I3NO 2 (10 ml) at --25~ was added 
a solution of norbornene  (1.88 g, 20 mmole)  and AcOCI (1.64 g, 21 mmole)  in CttaNO 2 (5 ml) .  The react ion 
mix tu re  was s t i r r e d  for  2 min and t r e a t ed  with a mix tu re  of e ther  and sa tu ra t ed  NaHCO 3 solution.  The usual  
t r e a t m e n t  and r em ova l  of the solvent  gave a liquid (3.0 g), which c rys t a l l i zed  on t r ea tmen t  with hexane to give 
(XllIb) (1.83 g, 60%), mp  64-65.5~ (from hexane).  IR spec t rum (v, cm-1): 1700 (C =O), 3620 (free OH), 
3470 ( in t r amolecu la r  H bond). PMR spec t rum:  2 . 3 3 s  (3H, CH3CO), 3.83 m (1 H, CH- -OH) ,  2.63 b r .  s (1 H; 
d i sappeared  on shaking with D20 ). Found: C 69.76; H 9.29%. C9H1402. Calculated:  C 70.10; H 9.15%. 

Acetyla t ion of (XIllb) with AcOC1 in pyr idine gave in ,~ 100% yield  s y n - e x o - 2 - a c e t o x y - 7 - a c e t y l n o r -  
bornane(XI~c),  mp 43-43 .5  deg C. IR spec t rum:  1715 (C =O), 1742 cm -1 (COOR). Found: C 67.65; H 8.29%. 
CllH1603. Calculated:  C 67.32; H 8.22%. 

Oxidation of (XIIlb) with CrO 3 in pyridine gave in ~100%yie ld  7 -ace ty l -2 -no rbornanone ,  mp 46-46.5~ 
( f rom hexane),  lit spec t rum:  1690 (C=0), 1745 cm -1 (COOCH3). Found: C 71.30; 71.14; H 8.06; 7.86%. C9H1202. 
Calculated: C 71.02; H 7.95%. 

Oxidation of ke toaceta te  (XIIIc) (0.4 g, 2.18 mmole)  with t r i f l uo rope race t i c  acid in CH2CI 2 and saponif i -  
cation with alkal i  gave a compound(0.30 g, 88%) with mp  176.5-178~ identified as 2, 7 - s y n - e x o - n o r b o r n a n e -  
diol by d i rec t  compar i son  with an authentic sample ,  synthes ized  by the p rocedure  of [8] (GLC ontwo s ta t ionary  
phases;  mixed mel t ing  point; identity of IR spec t r a ) .  

b) 8 -Me thoxy -8 -m e t hy l -9 -oxa t r i cyc i o [2 . 2 . 1 . 27 '  3] nonane (XVD. Acylat ton of (XI) was c a r r i e d  out under  
the conditions of the previous  reac t ion ,  whereupon the reac t ion  mix tu re  was t r ea t ed  with a cold (--70~ solu-  
tion of absolute EtaN (3 g) in absolute CH3OH (20 ml),  ex t rac ted  with hexane,  and sepa ra t ed  f rom the p rec ip i -  
ta ted sa l t s .  The res idue a f t e r  r em ova l  of hexane was d i s t i l l ed  under  vacuum to give (XVI) (2.9 g, 74%), bp 
30-35~ (2 mm), nD i~ 1.4750. Found: C 71.13; H 9.57; CHaO 18.55%. CIoHt602. Calculated: C 71.39; H9.59; 
CHaO , 18.44%. The lit spectrum lacked the C=O, OH, and C =C absorption bands. PIV[R spectrum 3.9 (I H, 
C H_H -OCIIa), 3.12 (3 H, CHaO), 1.2 (3H, CH 3 -C-OH). Standing in air or shaking with dilute acid solution 
quantitatively converted into (XVI) was hydroxyketone (XI]l~o), mp 64-65~ 

Acylation of Cyclohexene. a) Carboxonium Salt (XX). After addition of BF 3 (204 m[, 9.1 mmole) by 
syringe to a solution of pivaloy[ fluoride (1.16 g, 11.2 mmole) in absolute CH2CI 2 (50 mI) at--50~ a light 
precipitate of pivaloyl tetrafluoroborate immediately began to form. After 30 rain stirring at --50~ a cold 
solution of cyclohexene (0.6 g, 7.5 mmole) in absolute CH2CI 2 (5 m[) was added dropwise. After 5 min stir- 
ring at --50~ the temperature was rapidly raised to 0~ the mixture was stirred for a further 5 miu and then 
cooled to --10~ The solvent was removed (between --i0 and 0~ under vacuum) and the residue crystallized. 
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The usual  t r e a t m e n t  gave (XX) (1.6 g, 85%), mp  188-191~ (decomposition) (Table 1). Found: B 4.60; F 30.70. 
CIIHtsOBF 4. Calculated:  B 4.34; F 29.90%. 

b) 3 -Hydroxy- l -p iva loy lcyc lohexane  (XXIV). Hydroxyketone (X'XIV) was p r epa red  f rom (XX) under  the 
conditions of the p repa ra t ion  of (XIIIa), yield 72% mp 88-89~ ident ica l to  a sample  synthesized e a r l i e r  [8]. 

Aeylat ion of 1-Methylcyolohexene (XIX). a) 2-Methyl -3-p iva loylcyclohexene  (XXVII). To a solution of 
AgBF 4 (1.62 g, 8.33 mmole)  in absolute CHzCI 2 and C2H4C12 (1:1) at --60~ was added a cold solution of (XIX) 
(0.43 g, 5.0 mmole)  and pivaloyl chloride (0.92 g, 7.5 mmole)  in CH2CI 2 (5 ml) .  The mix ture  w a s k e p t  a t  
this t e m p e r a t u r e  for  30 min  and t rea ted  in the usual  way to give (XXVID (0.58 g, 66%), bp 65-66~ (1 mm) ,  
nD 20 1.4720.  IR spec t rum:  1710 (C =O), 1670, 3040cm -1 (C =CH). P M R s p e c t r u m :  5.5 m (1 H, C=CH),  3.5 
m (1H, C H - - C = O ) ,  1 . 4 1 s  (3H, CH3C=C), 1 . 1 1 s  (9H, C (CH3)3). Mass  s p e c t r u m : I S 0  (M+), 165 (M--  CH3) +, 
123 (M --  C4H9) +, 95 (CTHll+), 95 (CTHll+), 85 (COC4H9+), 57 (C4H9+). Found: C 79.95; I-I 10.92%. C12I-]220. 
Calculated:  C 79.91; H 11.11%. 

b) 2-Methyl -3-hydroxypivaloylcyelohexane  (XXVIII). The acylat ion of(XIX) was c a r r i e d  out like that 
descr ibed  above.  Af ter  mixing of the reac tan t s ,  the mixture  was w a r m e d  to 0~ and left  at  this t empera tu re  
for  15 rain, whereupon it was cooled to --25~ and a mix tu re  of e ther  and aqueous NaHCO 3 was added. After  
r e m o v a l  of the solvent  the res idue contained (GLC) mainly  (XXVIII), which was isolated in ~50%yie ld  by TLC 
[silica gel, e ther  --  benzene -- hexane (1:1 : 1.5),  R_f 0.22], mp  57.5-58~ identical  to a sample  synthesized 
e a r l i e r  [14, 15]. 

c) Carboxonium Salt  (XXII) was p r e p a r e d  f rom (XIX) under  the conditions of the p repara t ion  of sa l t  (XX). 
Crysta l l ine  (XXII) (1.65 g) could not be separa ted  f rom the contaminat ing o l igomer ic  product  (PMR p a r a m e t e r s  
in Table  1). T r e a t m e n t  of (XXII) with wa te r  gave (XXVIII) in ~40% yield.  

Acylat ion of 1-Methylcyclopentene (XXX). a) 2-Methyl -3-pivaloylcyclopentene  (XXXI). The react ion  
under  the conditions of the p repa ra t ion  of ketone (XXVII) f rom (XIX) gave a mix ture  of products .  The m a j o r  
component  was ketone (XXXI), y ie ld  ~30r [prepara t ive  TLC,  s i l ica  gel, e ther  -- hexane (1 : 1), Rf 0.7],  bp 
81-82~ (9 m m ) .  IR spec t rum:  1703 (C =O), 1655, 3048 cm -i (CH =C). PMR spec t rum:  5 .4 -5 .55  m (1H, 
C =CH), 3.7-4.05 m (4 H, ring --CH2-- ). Mass spectrum: 166 (M+), 109 (M -- C4H9) +, 81 (C5H9+), 85 
(COC4H3+), 57 (C4H9+). 

b) 2-Methyl-3-hydroxypivaloylcyelopentane (XXXII) was prepared under the conditions of the synthesis 
of hydroxy ketone (XXVIII) from (XIX). The yieldwas 287a purification by TLC [silica gel, e ther -  hexane 
(1 : 1), Rf 0.25], mp 40-41~ it was identified by comparison with a sample synthesized earlier [16]. 

Aeylation of 1-Oetene. a) 2, 2-Dimethyl-5-undeeen-3-one (XXV). The reaction was carried outunder 
the conditions of the preparation of (XXVII) butin SO 2 solution. 1-Octene (0.55 g, 4.9 mmole) gave a sub- 
stance (0.77 g), which contained (XXV) (60-70%, GLC}. Distillation gave the pure ketone, bp 70-80~ (2 ram), 
nD 2~ L4425. IR spectrum:1710 (C =O), 3030, 1630, 980, 1310 cm -i (CH =CH). Mass spectrum: 196 (M+), 139 
(M -- C4H9) +, 85 [(CH3)3CCO+], 57 (C4H9+). 

Ketone (XXV) was a mixture of eis and trans isomers (XXVb) and (XXVc) in the ratio 18 : 82 (capillary 
chromatography I =15 m, polypropylene glycol sebacate 100~ Thtsmixture (300 mg) was separated by TLC 
on silica gel impregnated with AgNO3to give (XXVb) (70-80 mg) (Rf 0.29) and (XXVc) (80-100 mg) (Rf 0.55). 
PMR spectrum of (XXVb): 1.02s (9H, (CH3)3C), 1.25 m (6H, --CH2), 1.83 (2H, CH2CH =), 3.08 comp. t (2H, 
=CHCH2C =O), 5.35 (2H, CH =CH, J =11 Hz cis isomer). PMR spectrum of (XXVc): the same type of spec- 
trum as for (XXVb); for the signal 5.35 (CH =CH) J =15.5Hz {trans isomer). 

b) Carboxonium Salt (XXI)~ Compound (XVIII) under the conditions of the preparation of salt (XX) gave 
salt (XXI), as an oily substance (Table 1). 

c) 2-tert-Butyl-5-n-pentyltetrahydrofuran-2-d (XXVIa). The preparation of (XXVIa) from (XXD was 
carried out like the preparation of (VIII) using NaBD 4 (Table 2). IR spectrum: 1080 cm -i (C-O-C); it lacked 
the C =O, OH, and C =C absorption bands. Mass spectrum: 142 (M -- C4H9) +, 124 (M -- C4H 9 --H20) +. The 
PMR spectrum of the hydrogen analog [prepared from (XXI) andNaBH4] contained a signal 3.42 m (1 H, OCHC- 
(CH3)3). Mass spectrum: 141 (M -- C4H9) +, 123 (M -- C4H 9 -- H20) +. 

Acylation in the PMR Spectrometer Tube. To a tube containing a solution of (CH3)3CCOF (0.15 g, 1.44 
mmole) in CD3NO 2 (0.5 ml) was added BF 3 (23 ml, 1.02 mmole). The solution was cooled to --50~ and the 
olefin (1 mmole) was added, whereupon the PMR spectrum was recorded. Our results forthe acylation of 
eyelohexene are shown in Fig. 1. A comparison was provided by the protonation under the same conditions of 
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B, y -unsa tu ra ted  ketones by H]3F 4 (1!5 equiv . ,  p r e p a r e d  f rom anhydrous HF and ]3F 3 in CD3NO2). P1V[R spec t ra :  
(XXIII) 5.60, 5.45, 5.15, and4.97 (CH= CH), 3.47 (CH-CO);  (XXIIIa) 5.90, 5.74, 5.25, and 5.07 (CH -- CH), 3.75 
(CH- C+OH). 

CONCLUSIONS 

Acylat ion of a lkenes with branching at the a l lylic carbon provides  a p r epa ra t i ve  route to cycl ic  c a rb o x -  
onium sal ts .  Such sa l t s  can be p r e p a r e d  by protonation of fl, ~/-unsaturated ketones -- the products  of acylat ion 
of unbranched a ikenes .  We have examined the m e c h a n i s m  of acytat ion of acyl ium sa l t s .  
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