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Acyloxiranes react  with cyclopentanone and cyclohexanone in the presence  of catalytic 
amounts of boron tr if luoride etherate to give the corresponding 2-acyl- l ,4-dioxaspiro[4,41-  
nonanes and 2-acyl- l ,4-dioxaspiro[4,5ldecanes.  The corresponding cis-2,3-dimethyl-2 acetyl-  
1,4-dioxaspiroalkanes are formed f rom t rans -2 ,3-d imethy l -2-ace ty lox i rane .  

Up until now the reaction of acyloxiranes  with ketones has not been investigated. We have studied the 
reaction of 2-acyloxiranes (Ia-e) with cyclopentanone and cyclohexanone in the presence  of catalytic amounts 
of boron tr if luoride ethe rate; the react ion gives the corresponding 2- acyl-  1,4-dioxaspiro[4,41nonanes (II- V) 
and 2-acyl- l ,4-dioxaspiro[4,51decanes (VI-X). 
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Ia, II, VI RZ=R2=R3=H; R4=CH3; lb, III, VII RI=R2=H; R3=R4=CHs; IC, IV, Vlll 
Rt=R2=R4=CH3; R3=H; ld, V, IX RZ=R3=R4=CH3; R~=H; Ie, X RI=R2=R3=H; 
R4=Ph; I1--V n=0; VI--X n= 1 

Aeyloxirane Ib reacts  readily with cyclopentanone, and acyloxiranes Ia, c react  readily with cyclo- 
pentanone and cyclohexanone even at room temperature ,  while heating to 80~ is required in the remaining 
cases .  The s t ruc tures  of II-X were established by hydrolysis  in acetic acid to the corresponding ketoglycols 
and cyclic ketones, which were identified from their  physicochemical  constants and the melting points of 
their  2 ,4-dini t rophenylhydrazones;  the s t ruc tures  were also confirmed by their IR and PMR speetrao 

Absorption bands at 1090, 1115, 1150, and 1200 cm -1, which are charac te r i s t i c  for theCOCOC fragment of 
the 1,3-dioxolane ring [11 are  observed in the IR spectra  of II-X~ The stretching vibrations of the earbonyl 
group in II-IX appear at 1710-1720 cm -1, while the stretching vibrations of the carbonyl group in X appear 
at 1690 cm-~. 

Ring expansion of 2-'acyloxiranes Ia-e  proceeds via a known mechanism [2, 31 with inversion of the 
configuration of one of the r ing-carbon  atoms; this is confirmed oy the eis s t ructure  of spirans V and IX. 
The configurations of spirans V and IX were established by comparison of their PMR spectra  with the spectra  
of authentic t rans-2,3-dimethyl-2-acetyl- l ,4-  dioxaspiro[4,4]nonane (XI) and its cis i somer .  The PMR spectra  
of the cis i somer  and of spiran V are identical and differ f rom the PMR spectrum of XI (Fig. 1) with re-  
spect to the position of the signals of the CH 3 groups. 
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TABLE I. Ketoglycols Obtained by Hydrolysis of II-X 

J 
Ketoglycol I Bp, ~ (ram) nD~ 

! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 ,4 -Dihydroxy-2-bu tanone  [7] 60--68 (0,2) 1,4505 
3 -Methv l -3 ,4 -d ihydroxy-2-bu tanone  [61 101--102 (1t) i !,4490 
Erythro-3 -Methyl-3 ,4-dihydroxy -2-pen t  anone 102--103 (10) ! 1,4520 
4-Met tayl -3 ,4-d ihydroxy-2-pentanone  [5] 100--102 (12) i 1,4524 
1-phenyl-2,3-dihydroxy-l-propanone* mp 78--79 ~ I -- 

i 

Found: C 64~ H 6~ CgH1003. Calculated: C 65~ H 6o1%o 

' 2  ~ ~,'ppm 

Fig. 1. PMR sp.eetra 
of cis- and trans-2,3- 
dimethyl-3-acetyl-l~- 

4-dioxaspiro[4,4lno- 
nanes (V, X-I): I) cis 
isomer (V); 2) trans 
i somer  (XI)~ 

t rans -Spi ran  XI was synthesized f rom cyclopentanone and th reo-3-methy l -  
3,4-dihydroxy-2-pentanone (XII), which was obtained by hydroxylation of t rans-  
3-methyl-3-penten-2-one with potassium permanganate.  

CH3,, ..CH 3 ~=0 
CH3x x /CH3 K h ~ n O  4 " , _ _  , 

H/C=C.,.c..CH3 H"" I ]'~,c.-Ci% . 
" tl o. 6.~ 

O 

XII 

CH 3, CH 3 
�9 / 

OvO 

XI 

Cis i somer  V was s imi la r ly  obtained from eyclopentanone and e r y t h r o - 3 -  
methyl-3,4-dihydroxy-2-pentanone (XIII). The latter was synthesized by acid 
hydrolysis  of oxirane Id~ 

The prac t ica l ly  complete coincidence of the chemical  shifts of the signals 
of the 2- and 3-CH 3 groups in the PMR spectra  of V and IX makes it possible to 
conclude that spiran IX also has the cis configuration. 

EXPERIMENTAL 

The IR spectra of thin layers of the eompounds were recorded with a UR- 
20 spectrometer. The PMR spectra of CCI 4 solutions were recorded with a 

Varian HA-100-15D spec t romete r  with te t ramethyls i lane as the internal standard. Thin- layer  chromatogra-  
phy (TLC) on a loose layer  of activity II aluminum oxide [elution with e t h e r - p e t r o l e u m  ether (1:1); the 
chromatograms  were developed in iodine vapors] was used to evaluate the individuality of the compounds 
obtained. The start ing acyloxiranes (Ia-e) were obtained by the methods described in [4-6]. 

2-Acetyl-l ,4-dioxaspiro[4,4lnonane (II)o A solution of 10 g (0.12 mole) of oxirane Ia in 25 g (0.3 mole) 
of cyclopentanone was added dropwise at 5 ~ to a mixture of 25 g (0~ mole) of cyclopentanone and 0~ ml of 
boron tr if luoride etherate~ Ten minutes af ter  the addition of the oxirane solution the reaction mixture was 
neutralized with methanolic potassium hydroxide and washed with water .  The organic layer  was dried with 
potassium carbonate and fractionated with a Vigreux column at reduced p res su re  to give 8.2 g (43%) of II 
with bp 109-110 ~ (12 mm), nD 2~ 1.4571, and d420 1.0942. Found: C 63.4; H 8.3%; MR D 42.48. C9H1403 . Cal- 
culated: C 63.5; H 8.2%; MR D 42.66. PMR spectrum* : 5 2.16 (s, CH3) , 3.82-4.30 (m, 2~ 1.71-1.86 

ppm [(CH2)41. 

3,3-Dimethyl-2--acetyl- l ,4-dioxaspiro[4,4lnonane (IV). A solution of 10 g (0.09 mole) of oxirane Ic in 
15 g (0.18 mole) of cyclopentanone was added dropwise at 20 ~ to a mixture of 20 g (0.24 mole) of cyclopen- 
tanone and 1 ml of boron tr if luoride etherate.  After 1.5 h, the reaction mixture was worked up as in the 
preceding experiment to give 11.2 g (55%) of IV with bp 97-98 ~ (12 mm), nD 2~ 1.4490, and d42~ 1.0301. 
Found: C 66.7; H 9.2%; MR D 51.61. CilHi803o Calculated: C 66.7; H 9.1%; MR D 51.89. PMR spectrum: 6 

The following abbreviations are used here  and subsequently: s is singlet, d is doublet, q is quartet ,  and 
m is multiplet. 
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1.04 (s, CH3), 1.36 (s, CH3) , 2.19 (s, COCH3), 3.85 (s, 2-H, and 1.68-1.89 ppm [(CH2)4]. 

2-Acetyl-l ,4--dioxaspiro[4,5]deeane (VI). A solution of 10 g (0.12 mole) of oxirane Ia in 30 g (0.3 mole) 
of cyclohexanone was added dropwise to a mixture of 50 g (0.5 mole) of eyclohexanone and 1.5 ml of boron 
trif luoride etherate,  af ter  which the tempera ture  of the mixture was raised to 35 ~ It was then cooled to 
20 ~ and allowed to stand for 12 h. Workup gave 19.3 g (90%7 of VI with bp 114-115 ~ (11 ram), nD 2~ 1.4660, 
and d42~ 1.0798. Found: C 65.5; H 8.8%; MR D 47.26. C~0H1603. Calculated: C 65.2; H 8.7%; MR D 47.26. 
PMR spectrum: 5 2.23 (s, COCH3), 3.80--4.28 (m, 2,3-H3), and 1.25-1.75 ppm [(CH2)~]. 

3,3-Dimethyl-2--acetyl- l ,4-dioxaspiro[4,5]decane (VIII). The procedure  used to obtain VI was used to 
prepare  this compound from 2 mole of cyclohexanone and 0.4 mole of oxirane Ic in the presence  of 1.5 ml 
of boron tr if luoride etherate .  The yield of product  with bp 108-109 ~ (12 mm), nD 2~ 1.4540, and d420 1.0260 
was28%. Found: C67o9;H9.3%;MRD56.04.  C12H2003. Calculated: C 67.9; H 9.4%; MR D 56.49. PMR spec- 
t rum: 5 1.04 (s, CH3), 1.36 (s, CH3), 2.20 (s, COCH3) , 3.97 (s, 2-II), and 1.48-1.56 ppm [(Ci'12)5]. 

2-Methyl-2--acetyl-l,4--dioxaspiro[4,5]decane (VII). A solution of 10 g (0.1 mole) of oxirane Ib in 35 g 
(0.35 mole) of cyclohexanone was added with s t i r r ing  to a mixture of 15 g (0.15 mole) of cyclohexanone and 
1 ml of boron tr if luoride etherate heated to 60 ~ af ter  which the mixture was heated to 80 ~ for 30 rain. 
Workup of the mixture gave 9.6 g (48%) of VII with bp 109-110 ~ (11 mm), nD 2~ 1.4584, and d42~ 1.0474. 
Found: C 66.8; H 9.2%; MR D 51.68. C11H1803. Calculated: C 66~ H 9.1%; MR D 51.88. PMR spectrum: 5 
1.32 (s, CH3), 2.19 (s, COCH3), 3.60 (d, 3-H, J = 8.5 Hz), 4.15 (d, 3-H, J = 8.5 Hz), and 1.30-180 ppm I(CH2)5]. 

c is-2 ,3-Dimethyl-2-acetyl- l ,4-dioxaspiro[4,5]decane (IX). The procedure  used to synthesize VII was 
used to prepare  this compound. Workup gave 61% of a product  with bp 116-117 ~ (12 mm), nD 2~ 1.4620, and 
d42~ 1.0383. Found: C 68.0; H 9.5%; MR D 56.21. C12H2003. Calculated: C 67.9; H 9.4%; MR D 56.49. PMR 
spectrum: 5 1.09 (d, 3-CH3, J = 6.5 Hz), 1.28 (s, 2-CH3) , 2.16 (s, COCH3), 3.99 (q, 3-H, J = 6.5 Hz), and 1.30- 
1.80 ppm [(CH2)5]. 

2-Benzoyl- l ,4-dioxaspiroI4 ,5]decane (X). The procedure  used to synthesize VII was used to obtain 
this compound f rom oxirane Ie and cyclohexanone by heating at 80 ~ for 3 h. Workup gave 69% of a product 
with bp 126-127 ~ (0.4 mm), nD 2~ 1.5362, and d42~ 1.1201. Found: C 73.4; H 7.4%; MR D 68.52. C15H1803. Cal- 
culated: C 73.1; H 7.4%; MR D 67.77. 

2-Methyl-2-acetyl- l ,4-dioxaspiro[4,4lnonane (III). The procedure  used to synthesize IV was used to 
obtain this compound from 0.5 mole of cyclopentanone and 0.1 mole of oxirane Ib. The mixture was heated 
at 20 ~ for 2 h. Workup gave 59% of a compound with bp 97-98 ~ (12 mm), nD 2~ 1.4490, and d42~ 1.0527. Found: 
C 65~ H 8.8%; MRD 46.99. Ci0HI603. Calculated: C 65.2; H 8.7%; MR D 47.26. PMR spectrum: 5 1.33 (s, 
CH3), 2.19 (s, COCH3), 3.59 (d, 3-H, J = 8.5 Hz), 4.16 (d, 3-H, J = 8.5 Hz), and 1.30-1.80 ppm [(CH2)41o 

cis-2,3-Dimethyl-2--acetyl-l ,4-dioxaspiro[4,4]nonane (V). The procedure  used to synthesize III was 
used to obtain this compound. Workup gave 57% of a product  with bp 102-103 ~ (11 mm), nD 2~ 1.4522, and 
d42~ 1.0375. Found: C 66.4; H 9.2%; MR D 51.58. CIlHi803o Calculated: C 66.7; H 9.1%; MR D 51.89. PMR 
spectrum: 5 1.12 (d, 3-CH3, J =6.4 Hz), 1.28 (s, 2-CH3), 2.16 (s, COCH3), 3.82 (q, 3-H, J = 6.4 Hz), and 
1.72-2o05 ppm I (CHH2)4]. 

Hydrolysis  of II-X. Acetic acid was added to a mixture of 0.03 mole of the spiran and 2.5 ml of water  
until the spiran had dissolved completely,  af ter  which the solution was refluxed for 3--5 h and fractionated 
with a Vigreux column at reduced p re s su re .  The physicochemical  constants of the ketoglycols obtained are  
presented in Table 1. The 2,4-dinitrophenylhydrazones of the isolated cyclopentanone and cyclohexanone 
melted at 145 and 161 ~ (from methanol), respect ively.  No melting-point depression was observed for mix- 
tures of these hydrazones  with genuine samples .  

threo-3-Methyl-3,4-dihydroxy-2-pentanone {XII). A solution of 43 g (0.27 mole) of potass ium perman-  
ganate in 1500 ml of acetone and 80 ml of water  was added dropwise with s t i r r ing  to a cooled (to - t 0  ~ mix- 
ture of 20 g (0.2 mole) of t r ans -3 -methy l -3 -pen ten-2-one  [41 in 40 ml of acetone, af ter  which the mixture 
was fi l tered,  and the acetone was removed f rom the filtrate at reduced p re s su re .  The residue was satu-  
r a t edwi thpo tass ium carbonate and extracted repeatedly with ether.  The ether extracts  were dried with 
potass ium carbonate,  the ether  was removed,  and the residue was distilled at reduced p r e s s u r e  to give 24% 
of the ketodiol with bp 78-80 ~ (1 mm), nD2~ 1.4515, and d420 1.0901. Found: C 54.7; H 9.0%; MR D 32.69. 
C6H1203. Calculated: C 54.5; H 9.1%; MR D 32.97. 

Ery thro-3-Methyl -3 ,4 -d ihydroxy-2-pen tanone  (XIII).A mixture of 29 g (0.25 mole) of oxirane Id and 
200 ml of 5% perchlor ic  acid was s t i r red  at 60 ~ for 5 h. The mixture was then cooled, neutral ized with 
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potassium carbonate,  and vacuum evaporated to 50 ml. This mater ia l  was extracted with ether,  and the ex- 
t rac ts  were dried with potassium carbonate.  The ether  was removed, and the residue was distilled at re-  
duced p res su re  to give 31% of the ketodiol with bp 77-79 ~ (1 mm), nD 2~ 1.4520, and d42~ 1.0912. Found: C 
54.6; H 9.0%; MR D 32.65. C6H1203o Calculated: C 54.5; H 9,1%; MR D 32.97. 

t rans-2 ,3-Dimethyl-2-acetyl - l ,4-dioxaspiro[4 ,4]nonane (XI). A 1-ml sample of boron trif luoride eth- 
crate  was added to a mixture of 13.2 g (0.1 mole) of ketodiol XII, 63 g (0.75 mole) of cyelopentanone, and 2 
g of anhydrous copper  sulfate, after  which the mixture was allowed to stand at room tempera ture  for 3 days. 
It was then fil tered, and the filtrate was neutral ized with methanolie potassium hydroxide, diluted with ether,  
washed with water,  and dried with sodium sulfate~ The solvent was removed,  and the residue was distilled 
at reduced p re s su re .  The product was dissolved in e t he r -hexane  (1:3), and the solution was filtered through 
a layer  of aluminum oxide to give XI with bp 62-63 ~ (0.3 mm), nD 2~ 1.4515, and d42~ 1.0316 in 30-35% yield~ 
Found: C 66.6; H 8~ MR D 51o79o C/iH/803o Calculated: C 66~ H 9o1%; MR D 51.89. PMR spectrum: 5 
1.12 (s, 2--CH3), 1.20 (d, 3-CH3, J = 6~ Hz), 2o18 (s, COCH3), 3~ (q, 3-H, J = 6~ Hz), and 1.60-1o95 ppm 
[(C H2)4] o 

The cis i somer ,  with bp 103-104 ~ (12 mm) and nD 2~ 1.4520, which was identical to spiran V, was s im-  
i lar ly obtained from ketodiol XIII. 
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