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As we have a l ready  shown [2, 3], d i r ec t  opening of the t h r e e - m e m b e r e d  r ing by the action of the acyl  
cat ion does not occur  in the acylat ion of de r iva t ives  of b icyclo[n . l .0]a lkanes  by pivaloyl t e t r a f luo robora te  
(PTFB).  The fo rma t ion  of the final products  is mos t  s imply  explained by an i somer iza t ion  of the s ta r t ing  
hydrocarbons  p r i o r  to the acylat ion to yield the co r respond ing  cycloalkenes,  In o r d e r  to de te rmine  whether  
these  f ea tu re s  of the reac t ion  a r e  genera l  in nature  or  specif ic  fo r  only b icyclo[n . l .0]a lkanes ,  we studied the 
P T F B  acylat ion of the s imp le s t  a lky lcyc lopropanes ,  namely,  1 ,1 ,2 ,2 - te t ramethy lcyc lopropane  (I), 1 , 1 ,2 - t r i -  
methylcyc lopropane  (II), and 1 ,1 -d imethy l -2 -e thy lcyc lopropane  (III). 

The reac t ion  p roceeds  r a t he r  rapidly fo r  all  these  hydrocarbons  even at  -60~ Thus, the introduction 
of {I) to a suspens ion of P T F B  in methylene chlor ide leads to the fo rmat ion  of a weakly colored solution, f r o m  
which a f t e r  r emova l  of mos t  of the solvent  and t r e a t m e n t  with d ry  e ther ,  a co lo r l e s s  c rys ta l l ine  complex,  
2 - t e r t - b u t y l - 4 , 4 , 5 , 5 - t e t r a m e t h y l t e t r a h y d r o f u r y l i u m  t e t r a f luo robora t e  (IV) is isolated.  The s t ruc tu re  of the 
compound obtained was proven  by IH and 13C NMR spec t roscopy  [1] and a lso  by the resu l t s  of some chemica l  
t r ans fo rma t ions .  The a r r a n g e m e n t  and posit ion of the proton s ignals  in the PMR s p e c t r u m  of (IV) were  s i m i -  
l a r  to the data of Rundell and B e s s e r e r  [4] fo r  2 - t e r t - bu ty l -4 , 4 , 5 , 5 - t e t r ame thy l t e t r ahyd ro fu ry l i um perch lo ra te .  
In the reac t ion  of (IV) with Bu4NBH 4 which is a hydride donor,  2 , 2 , 3 , 3 - t e t r ame thy l -5 - t e r t - bu ty l t e t r ahyd ro fu ran  
{V) is fo rmed  with a yie ld  of ~ 90% and with water ,  4 , 4 , 5 , 5 - t e t r ame thy l -2 - t e r t - bu ty l -4 , 5 -d ihyd ro fu ran  (VI) is 
f o rm ed  

+ RCOBF4 ~ R 

(iv) It= c(cKO. [H,~,/ N~o 

(v) (w) 

The fo rma t ion  of complex (IV) in this  reac t ion  fo rma l ly  co r r e sponds  to the d i rec t  opening of the t h r e e -  
m e m b e r e d  ring in (I) by the action of PTFB.  In this case ,  it might  be expected that the analogous react ion 
with 3 ,3 -d ideu te ro te t ramethy lcyc lopropane ,  d2-(I) would lead to a carboxonium sal t  which would have a PMR 
s p e c t r u m  lacking the CHz group signal for  C(3). However,  the PMR s p e c t r u m  shows that  the CH 2 group of the 
dideutero analog of (IV) obtained by the acylat ion of d2-(I) by PTFB has p r i m a r i l y  protons and not deuter ions  
which a r c  in the CH 3 groups.  The integral  intensi ty of the s ignals  of the C H  2 and CH3 groups at C(5) and the 
C(CH3) 3 and CH 3 groups at  C(4) which a p p e a r  as  w e l l - r e s o l v e d  s inglets  was ~1 .8 ,  5.1, 9, and 5.1 H, c o r r e -  
spondingly. Thus,  the carboxonium complex (IV) f o r m s  not as  a resu l t  of the d i rec t  opening of the cyc lopro -  
pane r ing (by the Markovnikov rule) but r a t he r  by another  pathway since it s e e m s  unlikely that  the r ed i s t r ibu -  
tion of the label  could occur  by this reac t ion  mechan i sm.  

The PMR s p e c t r u m  of d-(V) obtained by the t r ea tmen t  of the deutera ted  complex of (IV) by Bu4NBH 4, 
suppor ted  the approx imate ly  un i fo rm dis t r ibut ion of deuter ium over  the CH 3 groups bound to the f i v e - m e m b e r e d  
ring. The m a s s  spec t rum  of d-(V) showed the p resence  not only of a d 2 compound (both deuter ium a toms  a re  

* F o r  preceding  communicat ion,  see [1]. 
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simultaneously in a CH 3 group), but also of dl and d 3 compounds in the ratio 7 : 1 : 1, which indicates some 
in termolecular  deuter ium disproportionation.  

The s implest  and most  likely explanation is based on the i somer iza t ioa  of the cyclopropane :ring of (D to 
the olefin, t r iptene (VII) as the initial step in the react ion mechanism.  It is natural to assume that a uniform 
distribution of the labeled deuterium of the CH 3 group may occur  in the intermediate carbonium ion in such an 
isomeriza t ion as well as a partial  t r ans f e r  of a deuter ium to d2-(I), which would lead to some amount of dl and 
d 3 compounds. Under analogous conditions, salt  (IV) is readily formed in the acylation of tr iptene (VII) by 
PTFB [5] 

,.._ . _ ,  .-.!; 

(vii) 

The possibility of a prior isomerization of the cyclopropane ring into the corresponding olefins has been 
considered previously in the Fr iedel -  Crafts acylation of some cyclopropanes. Thus, according to Levina [6], 
the acylation of tetramethylcyclopropane by Ac20 in the presence of phosphoric acid is preceded by its isomeri- 
zation into an olefin, primarily into trlptene which is found in the reaction products. According to Hart and 
Schlosberg [7], the mechanism for the acylation of 1,1-dimethylcyclopropane consists in the initial isomeriza- 
tion of 1,1-dimethylcyclopropane by the action of acid present in the acylating medium into the thermodynami- 
cally more favorable 2-methylbutene-2. 

In contrast to (1), 1,1,2-trimethylcyclopropane (If) reacts with PTFB in a more complicated manner. 
Only about 35% 2-tert-butyl-4,5,5-trimethyltetrahydrofuryllium tetrafluoroborate (VIII) is formed, which was 
identified by comparison with a sample obtained according to our earlier work [5] as well as by its transforma- 
tion into tetrahydrofuran (IX) by treatment with Bu4NBH 4. 

The PMR spectrum of d-(VIII) obtained by the acylation of 3,3-d2-(II) has the same arrangement of sig- 
nals and approximately the same relative intensities as in the spectrum of the undeuterated complex (VIII), 
which also indicates a redistribution of the deuterium label, The mass spectrum of d-(IX) obtained from 
the deuterated complex (VIII) showed that, in addition to a d 2 compound, it contained a large amount of un- 
deuterated product, and also d I and d 2 compounds, for example, the fragment (M- C4Hs) + corresponds to four 
peaks due to different deuter ium contents (d 3 : d 2 : dl : do = 1.2 : 6 : 1 : 4) with cor rec t ion  for  the contribution of 
t3C. 

In this case,  the f i rs t  step of the observed t ransformat ion  is also apparently the isomerizat ion of (II) into 
olefins which is accompanied by considerable  in t ra-  and in termolecular  redistribution of the l a b e l  The low 
yield of the earboxonium salt (VIII) (~35%) is apparently related to its formation only f rom the isomeric  olefins 
(X) and (XI), while significant amounts of 2,3-dimethylbutene-2 are  possible during the course  of the i somer i -  
zation; this olefin does not fo rm a salt  and does not enter  subsequent ol igomerizat ion react ions 

[ + + > -<  ] 
(x) (xl) 
l J 

RGOBF, 

HA 
H x I ~--H B =,.F%_R ~.,e \ H 

BF4 | 0 R 
(VIII) (IX) 

This scheme for  the t ransformat ions  also permi ts  an explanation of the formation of the acylation prod- 
uct  of the CsH16 hydrocarbon by pivaloyl te t raf luoroborate  in the react ion of (II) with PTFB. This compound 
was isolated as the THF derivative of (XII) af ter  t rea tment  of the reaction mass  with Bu4NBH 4 in 25% yield for  
two moles of (II). Analysis  of the PMR spec t rum of the isolated compound taken at 270 MHz showed the p re s -  
ence of CHa, I-C3HT, and C(CH3) 3 groups and one proton on an a - c a r b o n  of the ring. The nature of the signal 
of this proton was a doublet of doublets which indicates the location of a CH 2 group in the adj[acent pos i -  
tion in the ring. The presence  of s t rong peaks at m / e  155 and 141 in the mass  spec t rum of (XII) which c o r r e -  
sponds to the (M--C3H7) + and (M-C4Ha) + f ragments  indicates the location of C3H 7 and C(CH3) 3 groups on the 
~ -ca rbon  atoms of the THF ring. 
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The format ion  of (XII) f r o m  (II) may  be r e p r e s e n t e d  as  the following sequence of t r ans fo rma t ions  which 
include the c y c l o p r o p a n e -  c lef  in i somer iza t ion  of (II) which has  a l r eady  been cons idered  with subsequent  a lky la -  
l i o n -  f ragmenta t ion  and acyla t ion 

(II)---" + ~" [C~H z olefias] 

-C41I 

\ 

--i  \o~ [ 
BF, | 

\ H ><->< 
(xn) - - I  0 'R 

This  s cheme  is suppor ted  by the wel l -known capaci ty  of the cat ions Obtained f r o m  CTH16-C~H~ 0 h y d r o c a r -  
bons in " superac id ic"  media  towards  f ragmenta t ion ,  which is usual ly  accompanied  by the loss  of a t-C4H + 
cation [8] and a lso  the poss ib le  fo rmat ion  of olefins as  a resu l t  of the f ragmenta t ion  of the ca rbon ium ions [9]. 

The acylat ion of 1 ,1 -d imethy l -2 -e thy lcyc lopropane  (HI) was then studied under  analogous condit ions.  In 
this  case ,  2 - t e r t . b u t y l - 3 , 4 , 5 , 5 - t e t r a m e t h y l t e t r a h y d r o f u r y l i u m  te t r a f luo robora te  (XIII) was obtained in 60~0 
yield; the s t ruc tu re  of (XIII) was conf i rmed  by the s i m i l a r  nature  of its IH and 13C NMR spec t r a  when c o m -  
pared  to the spec t r a  of s i m i l a r  sa l t s  (Tables 1 and 2). The NMR spec t ra  of (XIII) indicate that this compound 
does not contain an ethyl subst i tuent ,  but has two methyl  groups  at  C(3) and C(4). The double resonance  
method (upon i r rad ia t ion  at  a f requency cor respond ing  to the cen te r  of the doublets of each  of the methyl  
groups)  showed that  the co r respond ing  methine protons at  C(3) and C(4) have vicinal  coupling equal to 10.5 Hz. 
The nature  of the s ignals  indicates that  (XIII) does not contain s t ruc tu ra l  i s o m e r s  and l a rge ly  or  en t i re ly  con-  
s i s t s  of one of the poss ib le  geome t r i c  i s o m e r s .  

The t r e a t m e n t  of complex  (XIII) by Bu4NBH 4 leads to t e t rahydrofuran  (XIV), which, accord ing  to gas 
ch romatograph ic  data, cons i s t s  of two i s o m e r s  in ~ 4 : 1  ra t io  due to cis  - t r a n s  i somer iza t ion  of the C(CH3)3 
and CH 3 groups.  The a s s ignmen t  of the s ignals  of the predominant  i s o m e r  was made on the bas i s  of an ana ly-  
s is  of the PMR s p e c t r u m  obtained at 270 MHz. 

T r e a t m e n t  of complex  (XIII) by water ,  in addition to the dihydrofuran der iva t ive  (XV) fo rmed  in ~50% 
yield, leads to 3 , 4 , 5 , 5 - t e t r am e t hy l -2 - t e r t - bu t y t t e t r ahyd ro fu rano l -2  (XVI). The IR s p e c t r u m  of (XVI) conf i rms  
the p r e sence  of an OH group and indicates the absence  of C = C  and C = O  groups;  under  conditions of the gas 

TABLE i .  
6, ppm, and J, Hz) 

PMR Spectra  of the Carboxonium Complexes  (in CHCI3, 

Complex R=C(CH3)~ 

(IV) 

[4]  * 
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TABLE 2. i3c 
CH2Cl2, 5, ppm) 

Complex 

(IV) 

(vm) 

(xm) 

NMR Spect ra*  of the Carboxonium Complexes  (in 

C~ C' C' C 4 

53,9t [t23,2sj 42,0-~ 

245,9 s I 48,3't t i2i,7s I 38,0d 

t [ C at 
C__(Ct~h), C(CH,), 

Cs C 4 C 3 

42,3 s [ 24,2 q 
(or 42,0)[ 

42,7 s 26,2q 

44,3 s 26,3q 

20,9q 
(or 20, 
20,8 q 
26,5:q 

20,7q 
26,8q 

20,5q 
~or 20J 

t2,7 q 

ii,4 q 14,1q 

*The assignment was carried out considering the intensity and multiplicity of the signals 
in spectra with Incomplete uncoupling from the protons. 

ch romatograph ic  ana lys i s  ,(Reoplex 400, 150~ (XVI) decomposes  with the fo rmat ion  of (XV) 

~ / _ _ / q _ R C O B F , _ _ , x s ~ / ~ / . N ,  ~ [He] \ / H 

BF4 | (XIV) 
(xm) ~ a,o 

+ ) , ,  
o o R 
(xv) (xvI) 

The fo rmat ion  of (III) f r o m  sa l t  (XIII) which does not contain an ethyl group r a the r  c l ea r ly  indicates that 
d i r ec t  opening of the cyclopropane  does not occur  in the acylat ion of (HI) by the action of the acyl  cat ion and the 
p r o c e s s  is m o r e  compl ica ted,  involving the ethyl group. 

The study of the acylat ion of 3,3-d2-(III) showed that  the deu te r ium in the d2-(XIII) complex  obtained is 
located in the methyl  group at C(4); the PMR signal of this group at  1.15 ppm is a broadened doublet with inte-  
g ra l  intensi ty of N I H .  In the 13C NMR s p e c t r u m  with incomplete  decoupling f r o m  the protons,  the carbon a tom 
of this methyl  group (11.4- ppm) is spl i t  into a quintet with J C - D  - 23 Hz. The absence  of deu te r ium in the 
geminal  methyl  groups is conf i rmed  by the m a s s  spec t r a l  data fo r  the compound d2-(XIV) obtained f r o m  d2-(XIII) 
and Bu4NBH 4 in which the f r agmen t  co r respond ing  to the c leavage of the CHD 2 group f r o m  the a - c a r b o n  of the 
THF ring is lacking. 

Thus,  in the acyla t ion of 3,3-d2-(III),  in con t r a s t  to 3,3-d2-(I) and 3,3-d2-(II), the fo rmat ion  of the c a r -  
boxonium sa l t  is not accompanied  by the migra t ion  of the deu te r ium label of the methyl  group and by some  type 
of i n t e rmo lecu l a r  deu te r ium t r a n s f e r .  The explanation of the fo rmat ion  of (XIII) through the i somer iza t ion  of 
(III) into olefins is not appl icable  in this case ,  s ince we would have to accept  the predominant  fo rmat ion  of o le-  
fin (XVII) (by - 60%) because  only this olefin may yield the complex d2-(XIII) which we isolated in 60% yield 

1 
d a -(III) (XVIII) 

(xvm 

However ,  such a se lec t ive  fo rmat ion  of the ion (XVIII) and olefin (XVII) f r o m  (III) with comple te  retention of 
the deuter ium a toms  in one methyl  group at  C(4) is unlikely.  Indeed, as  s ide -p roduc t s  of the reac t ion  of (III) 
with PTFB,  a mix ture  of h igher  hydrocarbons  was isolated in up to 25% yield; the fo rmat ion  of these  olefins 
m o s t  l ikely involves the in te rmedia te  fo rmat ion  of ca rbonium ions. A f rac t ion  was isolated f r o m  this mix tu re  
which l a rge ly  co r r e sponds  to d i m e r s  C~4H28, which is conf i rmed  by the m a s s  spec t r a l  data.  It was found that 
the s a m e  f rac t ion  obtained analogously fo r  3,3-d2-(III) c o r r e s p o n d s  to d i m e r s  with va ry ing  deu te rh lm content 
f r o m  C14I-I28 to C14I-I22D s ffor the mo lecu l a r  ion), which indicates an i n t e rmoleeu la r  deu te r ium t r a n s f e r .  Thus,  
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the possible  in te rmedia te  fo rma t ion  of ca rbonium ions (and, l ikely,  of some amount  of olefins) in the reac t ion  
of (III) with P T F B  is not re la ted  to the fo rmat ion  of sa l t  {XIII) and is a side p r o c e s s .  

Since the d~ label  is local ized on the methyl  group at  C(4), we may  a s s u m e  that, in this case ,  the initial 
react ion s tep  is e lee t rophi l ic  a t tack a t  the C -  H bond in the CH 2 f r a g m e n t  of the ethyl group and subsequent  o r  
synchronous opening of the cyc lopropane  r ing 

L_ a 2 

dl-(IlI) dr(xliI) 

Apparent ly  the acylat ion of no rca rane  (XIX) p rev ious ly  studied [2] p roceeds  analogously to the acyla t ion 
of (Ill). Both no rca rane  and 1-methylcyc lohexene  (XX), which m a y b e f o r m e d i n t h e  c y c l o p r o p a n e -  o l e f i n i s o m -  
e r i za t ion  of (XIX), upon aeyla t ion  by  P T F B  in CH3NO 2 with subsequent  decomposi t ion  of the reac t ion  m a s s  by 
wa te r  yield a /3, " / -unsa tura ted  ketone (XXI) and secondary  ketoalcohol  (XXII). To compare  the reac t iv i t i e s  of 
(XIX) and (XX), an expe r imen t  was run on the concur ren t  acylat ion of (XX) and labeled no rca rane  with ra t io  of 
7,7-d2-(XIX) : (XX) : P T F B  = 1 : 1 : 1.2. As a resul t ,  compounds (XXI) and (XXII) were  isolated and the i r  deu-  
t e r i u m  contents  were  analyzed by m a s s  spec t roscopy .  Deutera ted  (XXI) and (XXII) were  fo rmed  predominant ly  
in the reac t ion  and the ra t io  of d2-ketones to nondeuterated ketones  was ~1 .5  : 1. Thus, not excluding the pos-  
sibi l i ty of the par t ia l  p r i o r  i somer i za t ion  of (XIX) to the olefin (XX), we mus t  conclude that a significant po r -  
tion of no rca rane  is acyla ted  without i somer iza t ion  into methyleyclohexene  and the ra te  of this react ion  is 
g r e a t e r  than the ra te  of the acyla t ion of (XX) 

CH8 [ ~) H~O 
( ) /  I (XXl) (XXlI) 

(xx) 

The initial si te of the e lec t rophi l ie  a t tack in no rca rane  (XIX), s i m i l a r  to d imethyle thylcyclopropane  (III), 
is the CH 2 group at tached to the cyc lopropane  r ing 

n co%BF,  1_. , oR 
I R 

Reaction products 

Our  m e c h a n i s m  for  the acylat ion of the cyc lopropane  ring, in which e lec t rophi l ic  substi tution at the sa tu -  
ra ted  a - c a r b o n  a tom of the side chain is the f i r s t  step,  has  not been cons idered  in the l i t e r a tu re .  However,  
r a the r  cons iderab ie  evidence has been found in recen t  y e a r s  [I0] which indicates that  cationoid e lec t rophi les  of 
va r ious  types  (protons, alkyl cat ions,  chlor ine cat ions,  and ni t ronium cations) a r e  able to reac t  with va r ious  
sa tu ra ted  hydrocarbons  by e lee t rophi l ic  subst i tut ion at a a bond. Although, according  to Olah [11], the react ion  
of an acyl  cation with isoalkanes occurs  only in " superac id"  media,  in the case  of a lkylcyclopropanes  such a 
reac t ion  apparent ly  may be fac i l i ta ted  s ignif icant ly due to the e lect rophi l ic  nature of the t h r e e - c a r b o n  ring.  

EXPERIMENTAL 

Samples of l,l,2,2-tetramethyl- (I), l,l,2-trimethyl- (II), and l,l-dimethyl-2-ethylcyclopropane (III) 
were  obtained in 97-9970 puri ty  by the cyclopropanat ion  of the cor responding  olefins by the Simmons - Smith 
react ion  [12] and had constants :  (I), bp 76.2-76.5~ (760 mm),  n~  1.4004; (II), bp 52.0-52.5~ (750 mm),  n~  
1.3860; (Ill), bp 77.5-78~ (740 mm),  n~  1.3958. Samples  of the 3 ,3-d ideuterocyc lopropanes  were  obtained 
analogously f r o m  the olefins and CD2I 2, had N98% purity,  and contained, accord ing  to m a s s  spec t r a l  data, 
91% ~l~ and 8% dl compounds in a cco rd  with the degree  of deutera t ion of the initial CDzI 2 obtained by the ex-  
change of CH2I 2 wi th  ]320 in bas ic  medium according  to Winstein et al.  [13]. Data indicating the absence  of 
red is t r ibut ion  of the label  in the cour se  of the Simmons - Smith cyclopropane  synthes is  f r o m  olefins a r e  
p resen ted  by Simmons et  al.  [12]. 
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The PMR spectra  were obtained using Varian DA-60IL and Briiker H-270 spec t romete r s  and the 13C NMR 
spectra  were taken on a Varian CFT-20 spec t rome te r  under  conditions of complete and incomplete noise de- 
coupling f rom protons;  the chemical  shifts a re  given in the 5 scale using TMS as the internal sta~dard. The 
mass  spec t ra  were obtained on an MKh-1303 instrument with 70 eV ionizing e lectron energy.  The IR spectra  
were taken on a UR-20 spec t rome te r  in a liquid film. 

The g a s - l i q u i d  chromatographic  analysis  was ca r r i ed  out on an LKhM-8MD chromatograph with a flow 
meter .  The columns were 300 x 0.25 cm with 5% SKTFT-50Kh on Chromosorb  G or  15% Reoplex 400 on 
Chromaton N - A W - D M C S  with helium c a r r i e r  gas. 

Prepara t ion  of the Carboxonium Salts of (alkyltetrahydrofuryl ium tetrafluoroborate)__:. Boron tr if luoride 
(310-320 ml, ~ 13 mmoles)  was slowly added to a s t i r red  solution of 1.36 g (13 mmoles) pivaloyl fluoride in 
20 ml CH2Cl 2 cooled to -60~ in an argon a tmosphere .  Then 10 mmoles  eyclopropaae hydrocarbon in 5 ml 
CH2CI 2 was added and s t i r r ed  for  5-10 min. The solution was removed in vacuum and dry ether  was added to 
the residue and shaken vigorously.  Upon the format ion of a viscous precipitate,  the ethereal  solution was de- 
canted; the residue was dissolved in 2-3 mI CH2CI 2 and another 40-60 ml dry ether  was added. The color less  
precipi tate  formed was f i l tered off in an argon a tmosphere ,  washed with ether,  and dried in a vacuum dess i -  
cator .  

A yield of 1.9 g (70%) salt  (IV) with mp 200-202~ (decomp.) was obtained f rom 0.98 g (I), 0.9 g (35%) salt  
(VIII) with mp 168-171~ was obtained f rom 0.84 g (ti), and 1.6 g (60%) salt  (XIII) with mp 170-172~ was ob- 
tained f rom 0.98 g (III). 

Prepara t ion  of Alkyl te t rahydrofurans .  A solution of 0.78 g (3 mmoles) Bu4NBH 4 in 5 ml CH2C12 was 
slowly added to a s t i r r ed  solution of 3 mmoles  carboxonium salt  in 5 ml CH2C12 at 0~ Most of the solvent 
was evaporated at low vacuum and ~20 ml pentane was added to the residue and shaken vigorously.  The co lo r -  
less  BuaNBF 4 precipitate was f i l tered off, the solvent was evaporated, and the residue was distilled. 

A yield of 0.5 g (90%) 2 ,2 ,3 ,3 - te t ramethy l -5- te r t -bu ty l te t rahydrofuran  (V) with mp 186-187~ was ob- 
tained f rom 0.81 g (IV). PMR spec t rum:  0.85 s [9H, C(CH3)3] , 0.94 s (3H, CH3), t .00 s (3H, CH3), 1.05 s 
(3H, CH3) , 1.11 s (3H, CH3) , 1.52 d.d.  and1 .65  d.d.  (2H, JAB = 12.4, JAX = 9.6, JBX = 7.5 Hz), 3.69 d.d.  
(lit); compare  the work  of Rtmdell and B e s s e r e r  [4]. Mass spec t rum (m/e):  169 (M - CH3) +, 127 (M - C4H9)+. 
Found: C, 78.11; H, 12.92%. Calculated for  C12H240: C, 78.20; H, 13.12%. 

Analogously, 0.44 g (86%) 2 ,2 ,3 - t r ime thy l -5 - t e r t -bu ty l t e t rahydrofuran  (IX) with mp 167-169~ was ob- 
tained f rom 0.77 g salt  (VIII). PMR spec t rum:  0.86 s (9H, C(CH3)3] , 0.96 s (3H) and 1.18 s [3H, 2CH 3 at 
C(2)], 0.94 d [3H, CH 3 at C(3), J = 6.5 Hz], 1.3-2.3 m [3H at C(3) and C(4)], and 3.55 d.d.  [1H, H at C(5), 
JAX = 10.5, JBX = 5.0 Hz]. Mass spec t rum (m/e):  155 ( M -  CH3) +, 113 (M - C4H9) +. Found: C, 77.46; 
H, 12.87%. Calculated for  Cl1H220: C, 77.65; H, 12.93%. 

After  separat ion of complex (VIII), the react ion mixture was evaporated in vacuum and the lower colored 
layer  was t rea ted  with Bu4NBH4; the reagent  in CH2CI 2 was added until the solution was decolorized.  A yield 
of 0.25 g (25%) 2 ,3 -d imethy l -2 - i sopropy l -5 - t e r t -bu ty l t e t r ahydrofu ran  (XII) with bp 96-98~ (32 turn) was ob- 
tained on prepara t ive  TLC on silica gel L with 1 : 1 b e n z e n e - h e x a n e  (Rf 0.75). PMR spect rum:  0.80 s [9H, 
C(CH3)3] , 0 .90d  (6H, 2CH 3 in i -P r ,  J = 7 H z ) ,  0.92 s [3H, CH 3a t  C(2)], 0 .96d[3H,  CH 3a t  C(3), J =7  Hz], 
1.74 m [1H at C(3)], 1.1-1.4 m [2H at C(4)], 2.17 septet  (1H in i -Pr ) ,  3.44 d.d.  [1H at C(5), JAX = 11.5, JBX = 
5.0 Hz]. Mass spec t rum (m/e):  155 (M - C3H7) +, 141 (M - C4H9) +. Found: C, 78.12; H, 12.97%. Calculated 
for  C13H260: C, 78.72; H, 13.21%. 

A yield of 0.5 g (90%) 2,2 ,3 ,4- te t ramethyl-5- ter t -butyl te t rahydrof~aran (XIV) with bp 85-86~ (22 m) was 
obtained by the action of Bu4NBH 4 f rom 0.81 g salt  (XIII). According to the g a s -  liquid chromatographic  data, 
the substance consis ts  of two i somers  in ~4 : 1 ratio. The PMR spec t rum of the major  i somer :  0.91 s [9H, 
C(CH3)3], 0.97 s (3H) and 1.20 s [2H, 2CH 3 at C(2)], 0.88 d [3H, CH 3 at C(3), J = 6.6 Hz], 1.42 m [1H at C(3)], 
1.00 d [3H, CH 3 at C(4), J = 6.4 Hz], 1.50 m [1H at C(4)], and  3.21 d [1H at C(5), J = 9.2 Hz]. Mass spec t rum 
(m/e): 169 (M - CH3) +, 127 (M - C4H9) +. Found: C, 77.91; H, 12.89%. Calculated for C12H240: C, 78.20; 
H, 13.12%. 

The Reaction of Carboxonium Salt (IV) with Water. A solution of 0.81 g (3 mmoles) salt (IV) in 5 ml 
CH2CI 2 was poured into ice water containing 0.4 g Na2CO 3. The organic layer was dried with Na2SO ~ and after 
removal of the solvent, distilled in vacuum. A yield of 0.44 g (80%) 4,4,5,5-tetramethyl-2-tert-butyl-4,5-di- 
hydrofuran (VI) with bp 73-74~ (20 ram) was obtained. IR spectrum: 1660, 3100 cm -i (C =CH). PMR spec- 
trum: 0.95 s (6H, 2CH3) , 1.03 s [9H, C(CII3)3] , 1.17 s (6H, 2CH3) , and4.21 s (1H, C =CH); compare the work of 
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Rundell and B e s s e r e r  [4]. Mass s pec t rum  (m/e):  182 (M) +, 167 (M - CH3) +. Found: C, 78.20; H, 11.97%. 
Calculated fo r  Ci2H220: C, 79.04; H, 12.27%. 

The Reaction of Carboxoaium Salt (XIII) with Water .  A solution of 0.81 g (3 mmoles )  sal t  (XIII) in 5 ml  
CH2CI 2 was t r ea t ed  with ice wa te r  containing 0.4 g Na2CO 3. The organic l aye r  was subjected to p repa ra t ive  
TLC on alumina a f t e r  drying over  NazSO 4 and evapora t ion  of the solvent (eluent 3 : 1 c y c l o h e x a n e -  e ther) .  A 
yield of 0.1 g (16%) 3 ,4 ,5 ,5 - t e t r am e t hy l -2 - t e r t - bu ty l -4 , 5 -d ihyd ro fu ran  (XV) was obtained. IR spec t rum:  1655 
cm -1 (C=C) .  PMR spec t rum:  0.89 d (3H, CH3, J = 7 Hz), 1.05 s (3H, CH3), 1.12 s [9H, C(CH3)3], 1.20 s (3H, 
CH3), 1.65 d (3H, CH3, J < 1 Hz), 2.05-2.45 m (1H, CH). Mass spec t rum (m/e):  182 (M) +, 167 ( M -  CH3)+. 
Also, a yield of 0.31 g (50%) 3 , 4 , 5 , 5 - t e t r a m e t h y l - 2 - t e r t - b u t y l t e t r a h y d r o f u r a n o l - 2  (XVI) was isolated.  IR 
spec t rum:  3622 em -1 (OH). Mass  s p e c t r u m  (m/e) :  185 ( M -  CH3) +, 182 ( M -  H20)+ , 167 ( M -  H 2 0 -  CH3) +, 
143 ( M -  C4H9) +, 125 (M - H20 - C4H9) +. 

C O N C L U S I O N S  

1. The acylat ion of 1 ,1 ,2 ,2 - t e t r amethy l - ,  1 ,1 ,2 - t r ime thy l - ,  and 1 ,1 -d imethy l -2 -e thy lcyc lopropanes  by 
pivaloyl t e t r a f luorobora te  leads to the fo rmat ion  of s table  carboxonium sal ts ,  which reac t  with hydride ion 
donors  to yield der iva t ives  of t e t r ahydrofu ran  and undergo hydrolys is  in water  to yield de r iva t ives  of 4 , 5 - d i -  
hydrofuran.  

2. Direct  opening of the cyelopropane  ring by the action of the RCO elect rophi le  does not occur  in the 
acylat ion of the gem-d ideu te rocyc lopropanes  under  the s ame  conditions. F o r  methy l - subs t i tu ted  eyc lopro -  
panes,  a predominant  pathway through an i somer iza t ion  into olefins accompanied  by var ious  ca rboa ium ion 
r e a r r a n g e m e n t s  is l ikely.  

3. F o r  1 ,1 -d imethy l -2 -e thy lcyc lopropane  and no rca rane  which have a methylene group adjacent  to the 
cyclopropane  ring, the mos t  likely d i rec t ion of the react ion  is the initial at tack of the pivaloyl cation on the 
C -  H bond of the a - m e t h y l e n e  f ragment  with subsequent  opening of the cyclopropane ring and format ion  of 
s table  carboxonium complexes .  This type of mechan i sm of e lec t rophi l ic  opening of a t h r e e - m e m b e r e d  ring 
previous ly  has not been cons idered .  
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