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D I R E C T I O N  O F  C A R B O N I U M  I O N  R E A R R A N G E M E N T S  

D U R I N G  A C Y L A T I O N  O F  P R O P Y N E  B Y  S T E R E O I S O M E R S  

O F  4 - t e r t - B U T Y L - 1 - M E T H Y L C  YC L O H E ~ A N O Y L C  A R B O N Y L  

C A T I O N  

M.  I .  K a n i s h c h e v ,  A.  A .  
V .  A.  S m i t ,  R .  C a p l e ,  
a n d  N.  F .  S e p e t o v  

S h c h e g o l e v ,  UDC 541.124:542.952.1:547.314.3 

On the example  of the acyla t ion of propyne  by 1 -methy lcyc lohexanoyl  t e t r a f luobora t e  and its 2 , 2 , 6 , 6 - d ~ -  
analog it was shown by  us [1] that  the cyclohexyl  cat ion,  fo rmed  as the r e su l t  of a 1 , 5 - h y d r i d e  shif t ,  is s t ab i l -  
ized e i the r  via cont rac t ion  of the r ing or  via a 1 , 2 - s h i f t  of the acyl .  Here  it was a lso  postulated that  t oge the r  
with the main  d i rec t ion  of the p r o c e s s ,  n a m e l y  a 1 , 2 - a c y l  shif t ,  is a l so  obse rved  a s l ight  1 , 2 - s h i f t  of  methyl  
and hydr ide  ion, which is poss ib ly  re la ted  to the conformat iona l  labi l i ty  of the employed acy l ium sal t .  In con-  
nect ion with this we studied the reac t ion  of propyne  with acy l ium sa l t s  (I) and (II), in which the or ien ta t ion  of 
the subs t i tuents  in the cyc lohexane  r ing is fixed. 

The reac t ion  of propyne with the c i s - 4 - t e r t - b u t y l - l - m e t h y l c y c l o h e x a n o y l  cat ion (I) leads to a mix tu re  of 
cyclopentene  ke tones  (lIIa, b) and cyclohexenyl  ketone (IV). A speci f ic  t r a i t  of aey l ium cation (I) is  a 
fixed axial conformat ion  of the ~cyl group, and on account of this  the 1 ,5-hydr ide  shift  in the i n t e rmed ia t e  
11 (Scheme 1) can p r o c e e d  only with invo lvement  of  the equator ia l  (e) bonds ( C - H )  at  C 2 and C6: In 
such case  the f o r m a t i o n  of ketone (III) is ea s i ly  depicted as being a synchronous  r e m o v a l  of the e--hydride 
ion (1 ,5 -hydr ide  shift) and cont rac t ion  of the r ing in h a r m o n y  with the usual  s t e r e o e l e c t r o n i c  concepts .  F r o m  
the r i g o r o u s l y  proved s t ruc tu re*  of ketone (IV) it follows that  its fo rmat ion  should include the s tep  of a 1 , 2 -  
acyl shift .  The m e c h a n i s m  o f t h i s p r o c e s s  is not suf f ic ient ly  c l e a r ,  but appa ren t ly  it includes the s tep  of the 

* The s t r u c t u r e  proof  fo r  the obtained compounds is d i scussed  below. 

N. D. Zel inski i  Ins t i tu te  of Organic  C h e m i s t r y ,  A c a d e m y  of Sc iences  of the USSR, Moscow. Un ive r s i ty  
of Minnesota ,  Duluth, USA. T rans l a t ed  f r o m  I z v e s t i y a  Akademi i  Nauk SSSi~, Se r iya  Kh imicheskaya ,  No. 9, 
pp. 2102-2107, Sep t ember ,  1980. Original  a r t i c l e  submi t ted  Oc tober  11, 1979. 
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Scheme 1 

I 1 I 
(i) 

/~,sH and eontrae~ I~."~l, 2nco 
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4 0 2. -I~ @ 

"t 
' I3 (iv) 

i n t e rmed ia te  fo rmat ion  of the cyclohexyl  cat ion 12, s ince  the synchronous  m e c h a n i s m  of a 1 ,5-hydr ide  shif t  
and acyl  migra t ion  in 11 is i m p o s s i b l e  s ince  it  r equ i r e s  an over lapping  of the e and a o rb i t a l s .  

The reac t ion  of propyne with the t r a n s - i s o m e r  (II) is m o r e  compl ica ted  (Scheme 2) and leads to a di f f i -  
cul t ly  s e p a r a b l e  m i x t u r e  of p roduc t s ,  f r o m  which the pure  compounds could be  isola ted by  a combinat ion of 
the p r e p a r a t i v e  GLC and TLC methods .  The Overall  yield of ketones (IIIa, b) and (V)-(VII) in a 1:1:1:1 r a t i o  
was 60%. 

Scheme 2 

I s  (v,~ r 

H 

1. ~l,2H 
(nIa, b) ~._~e . [In] 

1, e~al,2Me + ~I,2H 

4 0 

3 ~ V t  ) 

The fo rmat ion  of ketones  (IIIa, b),  ident ical  with those  obtained in the reac t ion  of propyne  with (I), t e s t i -  
f ies  to the fact  that  in the in t e rmed ia t e  I4, with an e -o r i en t a t ion  of the acyl  moie ty ,  the 1 , 5 - h y d r i d e  shif t ,  as  
in the c a s e  of  11 , is accompl i shed  with involvement  of the C - H  e-bond at  C2 and C 6. A deta i led ana lys i s  of the 
1H and 13C NMR s p e c t r a  of cyclohexyl  ketone (V) c l e a r l y  shows that  the fo rmat ion  p roceeds  via  a 1 , 2 - s h i f t  of 
the CH3 group and hydr ide  ion, as was postulated by  us when s tudying the reac t ion  of p ropyne  with 1 - m e t h y l -  
cyclohexanoyl  t e t r a f luobora t e  [1]. 

A c o m p a r i s o n  of the r e su l t s  of r eac t ing  propyne  with (I) and (II) r evea l s  that  in both cases  the 1 , 2 - s h i f t  
is accompl i shed  with the exc lus ive  involvement  of the a - subs t i t uen t  f r o m  the geminal  node,  and it can be a s -  
sumed tha t  a l so  in the 1 , 2 - s h i f t  of the CH3 group the t r a n s f o r m a t i o n  14 ~ (V) p roceeds  via the s tep  of the d i s -  
c r e t e  ca rbon ium ion I s. An examina t ion  of the space  models  d i sc losed  that  in the i n t e rmed ia t e s  IB and I 5 the 
vacant  p-AO and the sp  z c e n t e r  is found p r a c t i c a l l y  in the s a m e  plane as t h e  migra t ing  group,  which is a p p a r -  
ent ly r e spons ib l e  for  the exc lus ive  1 , 2 - s h i f t  of the a - subs t i tuen t .  The obse rved  s t r i c t  s t e r e o s p e c i f i c i t y  of 
the 1 , 2 - s h i f t  of  e i the r  methyl  o r  acyl  f r o m  the gemina l  node is One of the few examples  that  con f i rm  the va l id-  
i ty of the p r ev ious ly  advanced t heo ry  concern ing  the "orb i ta l  contro l"  of the d i rec t ion  of the r e a r r a n g e m e n t s  
in ca rbon ium ions [2, 3]. 

The fo rma t ion  of sp i roke tone  (VI) is a fact  of spec ia l  in te res t .  The s imul taneous  p r e s e n c e  of ketones 
(III), (V), and (VI) shows that  in i n t e rmed ia t e  !, it is poss ib l e  to  have  not only a 1 , 5 - h y d r i d e  shif t ,  involving 
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the fl -C a t o m  of the cyelohexane r ing ,  but a l so  subst i tut ion at  the CH3 group,  s i m i l a r  to that  obse rved  p r e -  
v ious ly  [4] in the reac t ions  of  a lkynes  with pivaloyl  t e t r a f luobora t e .  

A ca re fu l  ana lys i s  by the GLC method of the mix tu re ,  obtained in the reac t ion  of propyne with (II) d i s -  
c losed that  i t  a l so  contains fl - ch lo rov iny l  ketone (VII), which is fo rmed  via the usual  reac t ion  of adding acyl  
cation and "ex te rna l "  nucleophile  (C1- f r o m  the solvent) ,  while the product ,  co r r e spond ing  to 1 , 2 - a c y l  m i g r a -  
t ion,  is absent .  

The s t r u c t u r e  of ketones {IV) and (V) was proved  main ly  on the bas i s  of the 1H and 13C NMR spec t r a l  data. 
F r o m  the PMR s p e c t r a  at a f r equency  of 60 and 100 MHz it follows that  both ketones contain the s a m e  se ts  of 
s t r u c t u r a l  f r agment s :  MeC = C H  and CHCOCH = C H M e - t r a n s ,  which was shown by  the double {1H-1H} re sonance  
(DR) method,  and consequent ly  (IV) and (V) a r e  i s o m e r s  as r e g a r d s  the locat ion of the subst i tuents  in the cy c lo -  
hexane r ing.  The s t r u c t u r e  of  ketones (IV) and (V) was es tab l i shed  f r o m  the PMR s p e c t r a  a t  a f requency  of 
360 MHz. 

The DR data  for  (IV) made it poss ib le  to de tec t  two unconnected Ctt2 l inks,  in which connection the p r o -  
tons of  one of the l i n k s h a v e  anSSCC with the CHCO group,  while the protons  of the o ther  link a r e  al lyl ic .  An 
ana lys i s  of the SSCC values (Table 1) leads  to the unequivocal  conclusion that  the COR group in (IV) has  an e -  
or ien ta t ion ,  s ince  subs tan t ia l ly  s m a l l e r  SSCC values  should be obse rved  fo r  the pro ton  at C 1 with an a - a r r a n g e -  
ment  of this subst i tuent .  

Based on the DR data ,  (V) has two connected CH 2 l inks,  in which connection the protons  of one of the links 
have an SSCC with the a - c a r b o n y l  proton,  while the protons  of the o ther  l inkhave  au SSCC with the al lyl ic  CH 
group {see Tab le  1). F r o m  the SSCC values  it follows that  in ketone (V) the COR group occupies  an a -pos i t ion .  

The 13C NMR s p e c t r a  fo r  ketones (IV) and (V) (Table 2) co r r e spond  to the postulated s t r u c t u r e s .  In the 
s p e c t r u m  of (V) the s ignal  of the ca rbon ,  a t tached to the C a tom of the C(CH2)3 group,  is found fu r the r  down- 
field than the analogous s ignal  in (IV) (A = 2.6 ppm),  which co r r e sponds  to the al lyl ic  posi t ion of this cen te r  in 
(V). When the 13C NMR s p e c t r u m  of (IV) is r eco rded  in the p r e s e n c e  of Eu(fod)3 of the r ing  C a toms  the o le -  
finic C2 a tom and the methy lene  C 6 link undergo the g r e a t e s t  pa ramagne t i c  shift .  The C 4 and C 6 a t o m s ,  judg- 
ing by the c loseness  of t he i r  chemica l  sh i f t s ,  a r e  located s y m m e t r i c a l l y  r e l a t ive  to the branching  at  C5, while 
the C 4 c e n t e r  is affected the l e a s t  by  the shif t  reagent .  

Cyclopentyl  ketone (III) r e p r e s e n t s  a mix tu re  of two i s o m e r s .  Its s t r u c t u r e  follows f r o m  the PMR s p e c -  
t r a l  da ta  (see Tab le  1), which indicate the p r e s e n c e  of the s ignals  of the protons of the CH(Me)COCH = CHMe-  
t r ans  and CMe3 f r agmen t s  and of the olefinic r ing  proton.  

The s t r u c t u r e  of sp i roke tone  (VI) follows f r o m  the PMR s p e c t r u m  (see Table  2), which r e s e m b l e s  the 
s p e c t r a  of cyclopentenone de r iva t i ve s  (see [4]). An examinat ion  of the space  models  shows that  tile (VI) m o l e -  
cule has  a plane of s y m m e t r y ,  which p a s s e s  through the  cyclopentenone ring. In h a r m o n y  with th is ,  the 13C 
NMR s p e c t r u m  of (VI) has  only two s ignals  of the CH 2 group of the cyclohexane  f r agmen t  of double in tensi ty  

at  34.6 (C2 and C 6) and 24.6 (C a and Cs) ppm. 

EXPERIMENTAL 

The GLC method was used to check the purity of the starting compounds and to analyze the reaction 

mixture. For this we used an LKhM-8MD-5 instrument equipped with a 30-m glass capillary column packed 
with SE-30. The preparative separation was run on an LKhP-6I instrument using 4-6 m x 4-6 mm columns, 

a flame-ionization detector, and usually the liquid phases SE-30, XE-60, OV-101, and OV-17. 

The IR spectra were recorded on a UR-20 instrument in CCI 4 solution, the PMR spectra were recorded 

on Tesla BS-497 (i00 IViHz) and Bruker WH-360 (360 MHz) instruments, and the 13C NMR spectra were re- 

corded on Bruker WP-60 (15.08 MHz) and Varian XLFT-100 (25.2 MHz) instruments. The chemical shifts are 

given on the 5 scale (ppm) relative to either TMS or HMDS as the internal standard. 

The starting acids and their acid chlorides were obtained as described in [5-7]. 

Reaction of l-Methyl-4-tert-butyl-cis-cyclohexanoyl Tetrafluoborate (I) with Propyne. To a solution of 

0.81 g (4.2 mmoles) of AgBF 4 in 20 ml of abs. CH2CI2-C2H4CI 2 (i.i) at -60~ was added 0.85 g (4 mmoles) of 

the acid chloride in 5 ml of abs. CH2CI 2. The reaction mass was kept at this temperature for 15 rain, and then 

85 ml (3.5 mmoles) of propyne was added using a syringe, after which the mixture was stirred for another i0 
rain and decomposed with an ether-H20-NaHCO3 mixture. After extraction with ether and distilling off the 

solvent we obtained i.i g of a residue that contained mainly ketones (III) and (IV). 

1502 



Ketones (Ill) and (IV) could not be separated by preparative TLC (SiO2, 1:2 ether-hexane mixture). We 
obtained 0.4 g (52%) of a mixture of (III) and (IV) in a i:I ratio. Using preparative GLC we isolated 0.13 g 
(17%) of (IV) and 0.14 g (18%) of (Ilia, b). The yields, determined by the calibration method using a standard, 

are respectively 28 and 25%. 

Compound (Ilia, b): IR spectrum (v, cm-i): 1697 (C=O), 1635 (C=C), 3047 (=CH); mass spectrum, 

m/z: 220 (M) +, 69 (COCH=CHCH3) +, 57 (C(CH3)3+). 

Compound (IV): IR spectrum(v, cm-1): 1696 (C=O), 1632 (C=C), 3045 (=CH); mass spectrum, m/z: 
220 (M) +, 69 (COCH----CHCH3) +, 57 (C(CH3)3+). 

Reaction of l-Methyl-4-tert-butyl-trans-cyclohexanoyl Hexafluoantimonate (If) with Propyne. To a solu- 
tion of 1.38 g (4 mmoles) of AgSbF 6 in 20 ml of abs. CH2CI2-C2HtCI 2 (i:i) at -60 ~ was added 0.8 g (3.75 mmeles) 
of the acid chloride in 5 ml of abs. CH2CI 2. The reaction mass was kept at this temperature for 5 rain, and 
then 120 ml (5 mmoles) of gaseous propyne was added using a syringe, after which the mixture was stirred for 
another 15 rain and decomposed in the usual manner. After extraction with ether, drying over Na2SO4, and 
removal of the solvent we obtained 0.9 g of a semierystalline mass, which contained ketones (III) and (V)-(VII). 

Separation by preparative TLC (SiO2, I : 3 ether-hexane) led to the isolation of 0.12 g (14%) of (VI), 0.2 g 
(24%) of (Ilia, b) and (V), and 0.i g (12%) of (VII). Ketones (Ilia, b) and (V) were separated by preparative GLC 
to give 0.07 g of (Ilia, b) and 0.06 g of (V). 

Compound (V): IR spectrum (v, cm-~): 1696 (C = O), 1633 (C = C), 3044 (= CH); mass spectrum m/z: 220 
(55+), 69 (COCH----CHCH3+), 57 (C(CH3)3+). 

Compound (VI): IR spectrum (v, cm-l): 1705 (C=O), 1629 (C=C); mass spectrum m/z: 220 (M) +. Found: 
C 81.92; H 10.82%. C15H240. Calculated: C 81.81, H 10.91%. 

Compound (VII): PMR spectrum (5, ppm): 6.54 m (1H, 7 = 1.2 Hz), 2.49 d (3H, J = 1.2 Hz), 0.87 s (9H, 
C(CH3)3) , 1.07 s (3H); mass spectrum, m/z: 256, 258 (3:1) (M+), 103, 105 (3:1) (COCH = CCICH3+), 57 (C(CH3):). 

The authors express their gratitude to L. A. Sibel'dina (Institute of Chemical Physics of the Academy of 
Sciences of the USSR) for assistance in taking the high-resolution PMR spectra. 

CONCLUSIONS 

A stereospecific migration of the axial substituent (either methyl or acyl group) from the geminal node 
was discovered when propyne is acylated with the cis- and trans-4-tert-butyl-l-methylcyclohexanoylcarbonyl 
cations. 
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