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O X I D A T I O N  O F  C O U P L E D  V I N Y L A L L E N E S  AS A M E T H O D  

O F  S Y N T H E S I S  O F  C Y C L O P E N T E N O N E  D E R I V A T I V E S  

G.  A.  T o l s t i k o v ,  T .  Y u .  R o m a n o v a ,  
a n d  A.  V. K u c h i n  

UDC 542.943.7 : 547.315.1 : 542.91 : 
547.514.714.6 

Oxides of vinylal lenes are  react ive  compounds which can r ea r r ange  to fo rm cyclopentenone derivat ives 
[1]. However  this react ion is l imited by the inaccess ibi l i ty  of substi tuted vinylal lenes.  The method developed 
by us of synthesis  of substi tuted allenes f rom propynyl  aceta tes  and organoaluminum compounds (OAC) affords 
coupled vinylal lenes of var ious s t ruc tu res  [2]. By this method 2 -methy l -4 -e thy l -2 ,3 ,5 -hexa t r i ene  (II), 2-methyI-  
4 -hexyl -2 ,3 ,5-hexa t r iene  (HI), and vinylal lene (IV) were  obtained f rom 5 -ace toxy-5 -me thy l -hex-3 -ene  (I). 

Me OAc Me (CH~)3Ph 
\ 1  \ / (1) C:C=C /C--C~C--CH=CH~ @ AI[(CH2)3Ph]~ ' Fetid" / \ 

Me (I) Me ( I V )  CH=CH2 

Reaction of 3 - a c e t o x y - 3 - m e t h y l - l - p e n t - 4 - e n e  with t r i isobutylaluminum leads to 3 ,7 -d ime thy l - l , 3 ,4 -oc -  
ta t r iene  (V) [3]. The high reac t iv i ty  and access ib i l i ty  of dialkylalkenylalanes make vinyl OAC's useful for  o r -  
ganometall ic synthesis  [4], pa r t i cu la r ly  for  synthesis  of vinylal lenes.  Thus, react ion of 3 -ace toxy-3 -me thy l -1 -  
pentyne (VI) with d i i sobuty l -E-oc tenyl -a luminum (VII), obtained by [5], gives allenes with isobutyl (VIK) and E-  
octenyl (IX) substituents in the rat io 13 :87 .  

Me OAc H 
\ /  I 

C @ (i-Bu)2A1--C=C--CsHI~ > 

Et C~CH H 
(VI) (VII) 

H 

Me Bu4 Me CH=C--C~Hls 
\ / \ / 

c = c = c  + c = c = c  

/ \ / \ H  Et (VIII) H Et (IX) 

Thus, synthesis  if vinylal lenes can be ca r r i ed  out by introducing the alkyl substituent of the OAC into a 
v i n y l - p r o p y n y l  compound, or  by introducing the vinyl radical  of the Al-reagent  into a propynyl  sys tem.  We 
studied the oxidation of vinylal lenes containing mono-(II)-(V) and disubsti tuted (IX) ethylene groups.  In [6, 7] 
data on the oxidation of vinylaUenes by p -n i t r o -  and m-ch loroperbenzoie  acids are  shown and in [8] data on the 
oxidation of vinylal lene alcohols by te r t -bu ty l  hydroperoxide are  p resen ted .  We studied theposs ib i l i ty  of p e r -  
forming these react ions  with perphthal ic  (PPA) and p-methoxycarbouylperbeazoic  (MCPBA) acids [9]. 

(2) 
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Izvest iya Akademii Nauk SSSR, Vol. 23, No. 3, pp. 608-613, March, 1987. Original ar t ic le  submitted July  31, 
1985. 
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T A B L E  1. Dependence  of the Yield of  2 , 3 - C y c l o p e n -  
tenone Der iva t ives  on the P e r a c i d  Used  dur ing  Oxidation 
of  Vinyla l lenes  

Vinylallene 

Et / 
Me~C=C=C 

N 
CII=CH~ 

(Ii) 

C6H~, 
/ 

Me~C~C~C 
\ 
CH=CH2 

(III) 

(CK*.)aPh 
/ 

IYIe2C=C=C 
\ 
CH=CH2 

(p,-) 

Me Bu-i \ / 
c=c=c 

H~C=CH / \ H  
(v) 

Cyclopentenone 

O 
II Et 

N/N/  
d_ll 

(x) 

o 
11 C~:Ita 

N/N/  
d_ll 

(xD 

o 
11 (CH~4 ph N / \ /  

q_ll 
(Xli) 

o 
i-Bu I] Me 

( x n I )  

Yield after 
oxidation, % 

PPA MCPBA 

58 42 

65 62 

67 53 

5( 4t 

Oxidat ion of  v iny la l l enes  involves  f o r m a t i o n  of the al lene oxide fol lowed by cyc l i za t ion  into the cyc lopen -  
tenone.  

R 1, R2, R~, R4 __. Alk; R ~ COOH, COOMe. 

R3] 
- R l  R 4 

R 3 

1t 2 

(3) 

Oxidat ion o f  v iny la l lenes  was  c a r r i e d  out at 10~ in CH2CI 2 with a 1 .5- fo ld  e x c e s s  of MCPBA o r  at 20~ 
with a 1 .5-2  fold exces s  of  e t h e r e a l  P P A .  In the case  of  a l lenes  with an unsubs t i tu ted  vinyl  group (II)-(V) the 
ma in  oxidat ion p r o d u c t s  a r e  2 ,5 - subs t i t u t ed  cyc lopen tenones .  However  the r eac t i on  is compl i ca t ed  by f o r m a t i o n  
of ke tobenzoa tes  o r  ac id  ph tha la t e s .  F o r m a t i o n  of  a m ix tu r e  of  ke tobenzoa te  i s o m e r s  dur ing  p e r a c i d  oxidat ion 
of  v iny la l l enes  was  o b s e r v e d  e a r l i e r  in [6, 7]. Acid  ke tophtha la tes  f o r m e d  upon oxidat ion by P P A  sepa ra t e  dur ing 
the fol lowing alkal ine t r e a t m e n t ,  which  makes  the pu r i f i ca t i on  of the eye lopentenones  s igni f icant ly  e a s i e r .  Upon 
oxidat ion  by MCPBA iso la t ion  of  the subs t i tu ted  cyc lopen tenones  was  ef fee ted  by c h r o m a t o g r a p h y .  The yie lds  
of  the obta ined  compounds  a r e  shown in Table  1. C h a r a c t e r i s t i c  abso rp t ion  bands in the IR s p e c t r a  at 1710 and 
1640 c m  - i  and the UV abso rp t ion  m a x i m a  at 229-230 nm,  e =(9-11)  �9 103 c o n f i r m  the f o r m a t i o n  of  coupled c y c l o -  
pen tenones .  F o r  a l lene (IX) having a subs t i tu ted  vinyl  group (i.e. nuc leophi l ic  double bond), the p robab i l i ty  of 
f o r m a t i o n  of  epoxide (XIV) i n c r e a s e s .  This  can b e c o m e  the p r e d o m i n a n t  r eac t i on  [7] 

Me 

Me CH=CH--C6H~3 I ~  

\ C = C = C  / [o] 
/ \ 

Et H 
(iX) 

CI-I--CH--CAH~ 
\ / \ \ /  

C=C=C 0 
/ 

Et (XlV) 
Me 0 CH =CH--CeI-I13 Me 0 

Et ~ (xv) :.--/H-- C~ la 

(4) 
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TABLE 2. 
stituted Cyclopentenones 

oint, C- ~2o 
Compound [p, mm 

~,~) " 

2-Ethyl-5,g-di- 1 45-46(5) [,4596 ~ 
mettSylcyclop ent -] 
2-en-l-one (X) / 

/ 
2- - ' -" - '1 62-63 L459C 

~xHeii:hY:l @;1 id ion e (0,5> 

1,5228 2-(3 -Phenylpro- 
pyl)-5,5-ffi~ ' 
rn~thylcyclo - 
pent-2.en-l-On~ 
{XII~ 

2 =Methyl-5-iso- 
butylcyclopent- 
2-en-I-one 
(XIII) 

Cv clohexasDir o 
~'-(2'-ox6-3', - 
4' -diethyl-~q' - 
c)clopenten)-5'- 
spit ooxirampir,o - 
cyclohexang 
(XVtII) 

P h y s i c a l  Constants and Spectral  Character i s t i c s  of  Sub- 

74-75(t0' 1,46401 

M.p. 
47-49 

:R 
ipectrtrn, 
}, err]-i 

t710 
t640 
3040 
840 

t715 
t64C 
305( 
84( 

t71( 
164( 
160~ 
303( 
307( 
309( 
84( 
70~ 

t710 
t640 
3040 
840 

1690 
t640 
3058 
t450 
t380 
i 186 
1058 

NMR spectrum ~H ectrum, 
and ~C,5; ppm [)'max, 

hm r 
~H: t,02's (6H, CH3), 
t,05 t (3H, CH3, 
/=THz ), 2,03 m and 
2,34m (4H, CH2C=C), 
7,05m (tH, CH=C) 
~H: 0,87t (3H, CH~, 
/=6Hz), t,02s (6H, 
CH3), i,28 s (SH, CH2), 
2,03 m; 2,34 m (4H, 
CHiC=C), 7,06m (tH, 
CH=C) 
~H: t,00~ (6H, CH~), 
t,t4s (2H, CH~), 1,55m 
(2H, CH2), 2,26m (2H, 
CH2C=C), 2,46t (2H,~ 
CH2C=C, 7=7 Hz ), 
8,90 (ill, CH=C), 
7,05s (5H, Ph) 

IH: 0,90 d (6H, CH~, 
/=6Hz), 1,44-1,87 m 
(3H, CH ; CH2), t,67m 
(3H, CH~), 2,20m (2H, 
CH2C=C), 2,50m (1H 
CHC0), 7,12m (IH, 
CH=C) 
IH: LOOt (3H, CHa 
]=7 Hz ), t~Q5 t (3H, 
CH~, 1=7,51~z), 1,60m 
(t6H, CH2 ; 4H, 
CH2C0), 2,24 q (2H, 
CH2, I=THz), 2,34q 
(2H, CH~, J=7 ttz), 
i~C: t2,99 q (C7'), 
t3,32 q (C ~ ),  29,28t 
(CS'), 29,70t (C6'), 
i6,9tt, 21,28t, 2i,67t, 
21,74t, 24,8it, 25,16t, 
25,29 t, 25,78t, 31,30t, 
33,91 t' (C2-C6), 
(C 2' '-C6"), 47,88s 
(C t") 69,65 s (C v'), 
77,7t s, (C 5') i45,63 S 
(C ~') 166 36 s (O'), 
209,73s (C 2') 

~][ass 
;oect[um, 

138 

I94 

228 

t52: 

302: 

Upon oxidation of al lene (IX) by MCPBA eyelopentenone (XV) is i so la ted  in a yield of 15% and PPA (XV) general ly  
is  not formed.  Probably  the react ion proceeds  with format ion  of unstable epoxide (XIV) which is  opened by 
acids  with format ion  of hydroxy benzoates  or  hydroxyphthalate.  Also  the oxidation of v iny la l l enes  by tert -butyl  
hydroperoxide (TBHP) was  carr ied  out in the p r e s e n c e  of  Mo(CO)~ and from aIIenes (II) and (KI) the c o r r e s p o n d -  
ing cyc lopentenones  w e r e  obtained with 25-30% yield.  In this case  the react ion is  compl ica ted  by format ion  of a 
s ignif icant  amount of  p o l y m e r i c  products .  

The oxidation of  diat lenes ,  the synthes i s  of  which is presented  in [3], by an equimolar  amount of  PPA in 
ether proceeds  s igni f icant ly  fas ter  than that of v inylaI lenes  and is  comple te  at 20~ after 2-5  h. Oxidation of 
3 , 8 - d i m e  thyl-5,6-diethyl-3,4,g,7-deeatetraene, as in the c a s e  of  al lene (IX) produced a mixture  of products  in 
which cye lopentenone  w a s  not found. Upon oxidation of  1 , 1 , 6 , 6 - d i p e n t a m e t h y l e n e - 3 , 4 - d i e t h y l - l , 2 , 4 , 5 - h e x a -  
te traene  (XVI) a mixture  of  ketone (XVID and epoxyketone (XVIII) was  formed.  The react ion  mixture  was  oxidized 
by an e x c e s s  of  PPA,  which resul ted in epoxyketone (XVIII) with 28% yield.  

(xvI) 

4 4 

[o1 > 8 f 6 f 

4" 4" 

(XVI 1) (XVI II) 

The c h a r a c t e r i s t i c s  of  the substituted cyc lopentenones  are shown in Table 2. 

(5) 
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E X P E R I M E N T  AL 

UV and IR spec t ra  were  recorded  on a Specord UV-VI S (solution in ethanol) and a UR-20 (in thin layer) 
spec t rome te r s .  PMR spec t ra  were  obtained with Tes la  ins t ruments  (60 and 100 MHz) on solutions in CCI 4 
re la t ive  to TMS. Mass spec t ra  were  obtained on a MX-1306 sp ec t ro m e te r  at 70 eV. Tempera tu re  of ioniza- 
tion chamber  was 150~ 13C NMR spec t ra  were  recorded  on solutions in CDCl 3 with a Jeol  FX-90 Q radio-  
spec t rome te r  (22.63 MHz). G a s - l i q u i d  chromatography was ca r r i ed  out on a Chrom-5 ins t rument  on 1.3 mx 3 
mm and 2.4 • 3 mm columns containing 5% SE-30 on N-AW-CMCS Chromaton, with He c a r r i e r  gas (50 ml/min) .  

Synthesis of vinylal lenes was c a r r i e d  out by the method of [2]. Allenes (IV) and (IX) were  isolated by 
chromatography on si l ica gel using pentane eluant. Phys ica l  constants and spec t ra l  cha rac te r i s t i c s  for  allenes 
(II) and (III) a re  p re sen ted  in [2], and for  (II) in [3]. 

2 -Methyl -4-v inyl -7-phenyl -2 ,3-heptadiene  (IV): yield 34%, riD2~ 1.5375. IR spec t rum (v, cm-1): 3090, 
3070, 3030, 1940, 1610, 1585, 995, 900, 750, 705. PMR spect rum (5, ppm): 1.72 s (6H, CH3) , 2.07 m (2H, CH2) , 
2.56 m (4H, CH2Ph and CH2C --C), 4.92 m and 6.15 m (3H, CH----CH2) , 7.15 m (5H, Ph).  m / z  212. 

3 ,7-Dimethyl-3 ,4-octadiene  (VIII). IR spec t rum (v, cm-1): 1960. PMR spec t rum (5, ppm): 0,92 d (6H, 
CH3, J = 7  Hz), 0.99 t (3H, CH3, J =6 Hz), 1.33 m (1H, CH), 1.63 d (3H, CH3, J =3 Hz), 1.91 m (4H, CH2-C--C) ,  
4.90 m (1H, C H = C  =C) .  m / z  138. 

3 -Methy l -3 ,4 ,6 - t r ideca t r i ene  (IX): b.p. 74-75~ (0.5 ram), nD2~ 1.4885. IR spec t rum (v, cm-1): 1950, 
3020, 1650, 970. PMR spec t rum (5, ppm): 0.83 t (3H, CH3, J =7 Hz), 1.25 m (8H, CH2) , 1.62 d (3H, CH3, J =  1.5 
Hz), 1.98 m (4H, CH2C=C) , 5 . 5 0 m  (1H, CH~-C=C) ,  5.63 m (2 H ,  CH=CH).  UV spectrum: Xma X 2 2 1 n m ,  g 
14650, m/z 192. 

Oxidation of vinylal lenes by perphthal ic  and p-methoxycarbonylperbenzoic  acids.  To vinylallene (5 mmole) 
an e ther  solution of PPA (7.5-10 mmole) was added at 0~ and maintained at 20~ for  24 h, or  to a solution of 
vinylal lene (5 mmole) in 15 ml CH2C12 MCPBA (7.5 mmole) was added at 0~ and maintained at 10~ for  48 h. 
The reac t ion  mixture  in both cases  was f i l te red  and the res idue was washed with e ther .  The solutions were  
washed with 5% NaOH and water ,  dr ied with MgSO4, evaporated,  and disti l led (PPA oxidation) or  separated on 
a column with s i l ica gel (MCPBA oxidation). F o r  cyclopentones the eluant was pen tane -e th  er  (5 : 1) and for  
ketobenzoates it was p e n t a n e - e t h e r  (3 : 17. The mixtures  of ketobenzoate i somers  were  not separated.  In IR 
speot ra  of the mixtures  intense absorption bands were  observed  at 1730, 740, and 3030-3100 cm -l ,  which co r -  
responds with the complex e ther  group and the aromat ic  f ragment .  PMR spec t ra  of the mixtures  contain a 
singlet at 3.81 ppm (COOCH 3) and a multiplet at 8.01 ppm (Ph). The IR spec t rum of the allene (IX) oxidation 
products  (by MCPBA) besides the above absorption f requencies  also contain a band at 3500 cm -I (OH group), 
which indicates format ion  of oxybenzoates.  

4 -Hexy l -5 -me thy l -5 - e thy l cyc lopen t -2 - en - l -one  (XV). IR spec t rum (v, cm-1): 3050, 1715, 1635, 1600, 
1470, 730. PMR spec t rum (6, ppm): 0.82 t (6H, CH3, J = 7  Hz), 1.11 s (3H, CH3), 1.25 m (12H, CH2) , 1.84 m 
(1H, CH), 5.83 m (1H, CH=C) ,  7.33 m (1H, C=CH) .  m / z  208. 

Oxidation of diallene (XVI) by PPA.  The p re sence  of a mixture  of cyc lohexansp i ro - l ' - ( 2 ' - oxo -3 ' ,  4 ' - d i -  
e thy l -5 ' - cyc lohexyl iden-3 ' -cyc lopen tene  (XVII) and (XVIII) in a 3 : 2 rat io was indicated by the 13C NMR spec-" 
t rum and by UV and mass  spec t ra .  13C NMR spec t rum (5, ppm) for  ketone (XVII): 13.46 q (C7'), 13.74 q (C9'), 
29.11 t (C8'), 29.73 t (CG'), 16.29 t, 21.67 t (2C), 23.04 t, 26.61 t, 28.43 t, 29.73 t (2C), 32.90 (C2-C G and C 2" -  
C6"), 48.83 s (CI'), 137.64 s (Cl"), 139.17 s (Ca'), 140.48 s (C3~), 165.71 s (C4'), 211.07 s (C2'). UV spect rum 
for  (XVII): Xma x 213, 305 nm. m / z  286. 

Oxidation of vinylal lenes by t e r t -bu ty l  hydroperoxide .  To vinylallene (4 mmole) in 5 ml of dry  benzene 
2.2 "10 -2 mmole  Mo(CO) 6 was added and 98% TBHP (6 mmole) in 2 ml benzene was added dropwise,  The mix-  
ture  was boiled for  5-6 h, cooled, washed with 5% Na2CO 3 and water ,  dr ied with MgSO o and evaporated.  The 
obtained cyclopentenones were  pur i f ied  by chromatography on a column with A1203 by elution with p e n t a n e -  
e ther  (5 : 1). 

CONCLUSIONS 

Oxidation of coupled vinylallenes and diallenes by perphthalic and methoxycarbonylperbenzoic acids is a 
method of synthesis of substituted cyclopentanones. 
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CLAISEN REARRANGEMENT OF STERICALLY HINDERED 

N-ALKENYLINDOLINES 

I .  B.  A b d r a k h m a n o v ,  A. G. M u s t a f i n ,  
G. A. T o l s t i k o v ,  L .  V. S p i r i k h i n ,  
a n d  L .  M. K h a l i k o v  

UDC 542.951.1 : 547.754 : 541.63 

Despite the development of several  methods for carrying out the amino-Claisen rearrangement  [1, 2], this 
reaction remains insufficiently studied, especially for the series  of nitrogen-containing heterocyclic compounds. 
In the present  paper our goal was to investigate the Claisen rearrangement in a ser ies  of s ter ical ly hindered 
2-methyl-2-ethyl-  (Ia) and 2,5-dimethyl-2-ethylindolines (Ib) in order  to elucidate its feasibility for the syn- 
thesis of complex heterocyclic derivatives. 

In most cases, N-alkenylated materials are required for carrying out Claisen rearrangements .  Indolines 
(Ia, b) are N-alkenylated under harsher  conditions than necessary  for aromatic amines [3]. 

/ 

/ \  NH x . ~ ( \ R 3  R1 _ _  1 f f ~  N / \  N H  

I I I 
R R ~ R 4 

(Ia, b) (I la--d) (IIIa--c) 
R = H(a), CHs(b); X = C1 or Br R 1 = R  3~CH3, R 2 = R ~ = H ( a ) ,  R I = R  3 : R  4 =  

= CH3, R~ -- H(b), RI -- 112 = R3 = R~ = H(a) 

R I=R 3 : R ~ H ,  R~CH3(d) 

Thus, (fin-d) were prepared by heating indolines (Ia, b) with alkenyl halides, specifically, allyl bromide, 
methaIlyl chloride, and 4-chloro-2-pentene, at 150~ in an autoclave. Compounds (IIa and b) underwent re-  
arrangement at rearrangement  at room temperature in the presence of mineral acids to give 2-methyl-2-ethyl- 
7-(1 '-methyl-2 '-butenyl)-  (IIIa) and 2,5-dimethyl-2-ethyl-7-(1'-methyl-2'-butenyl)indoline (KIb) in 90% yields 
[4]; in contrast,  N-allylanilines rearrange at significant rates only upon heating above 100~ [5, 6]. 

The ease of this isomerization process was further demonstrated by the rearrangement of the hydro- 
chloride salt of (IIc) to give (IIIc) at 150~ the hydrochloride salt of N-allylaniline does not rearrange under 
these conditions. Heating ally1 bromide with excess indoline (Ia) also led to rearrangement to give (IIIc) i Mon- 
itoring this reaction by GLC revealed the stable presence of (Kc) in the reaction mixture. Apparently, the limit- 
ing step of this process  is the rearrangement step, since treatment of 4-chIoro-2-pentene with (Ia, b) led to the 
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