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The reac t ion  of 3 -ace ty l -2 ,2 -d ime thy lox i rane  with phenol and p - c r e s o !  in the p r e sence  of 
sulfur ic  acid at 70-90~ fo rms  de r iva t ives  of 3a ,9b-d ihydro-4H-1 ,3-d ioxolo[4 ,5-c ]chromene ,  
and a lso  2 ,2 ,4 - t r ime thy l -  and 2 , 2 , 4 , 6 - t e t r a m e t h y l e h r o m a n - 3 - o n e s .  

In the p r e sence  of bas ic  ca ta lys t s ,  3 -ace ty l -2 ,2 -d ime thy lox i r ane  (I) r eac t s  with phenols to f o r m  2- 
hyd roxy - l -phenoxy  ketones ,  which decompose  under  the expe r imen ta l  conditions into phenoxyacetones and 
acetone [1]. 

In the p re sen t  work it has been es tab l i shed  that the reac t ion  of the oxirane (I) with phenol and p - c r e s o l  
in the p re sence  of cata lyt ic  amounts  of sulfur ic  acid at 70-90~ takes place with the fo rmat ion  of 1 -hydroxy-  
2-phenoxy ketones  which cycl ize  under  the conditions of the exper imen t  to the cor responding  chromandio ls  
which, with the product  of the i somer i za t ion  of the oxirane (I) - the oxo aldehyde (II) [2] - f o r m  the dioxolanes 
(III) and (IV). In addition, very  smal l  amounts  of the cor responding  c h r o m a n - 3 - o n e s  (V) and (VI), and a lso  
methyl  isopropyl  ketone (VII), which is the product  of the ketonic decomposi t ion of the oxo aldehyde (II), 
have been i so la ted .  
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The ketone (iII) was reduced by the K i z h n e r - W o l f  [Wol f -Kishner ]  method to the 1,3-dioxolane (VIII), the 
hydro lys i s  of which led to 2 ,2-dimethylbutanal  (XIID andthe  chromanone (V). In i ts  turn, the s t ruc tu re  of 
the l a t t e r  was shown by independent s y n t h e s i s - b y  the dehydrat ion of c i s - 2 , 2 , 4 - t r i m e t h y l c h r o m a n - 3 , 4 - d i o l  
(X), which was obtained by the hydroxylat ion of 2 , 2 , 4 - t r ime thy l -2H-ch romene  (XI) [4]. 

The hydro lys i s  of the 1,3-dioxolane (III) a lso  gave the chromanone (V) and methyl  i sopropyl  ketone 
(VII). The oxidation of compound (III) with sodium hypobromite  gave the acid (XII), which conf i rms  the 
p r e sence  of an acetyl  group in the molecule  of the 1,3-dioxolane (III). 
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Thus, all these facts pe rmi t  us with complete just if ication to consider  that compounds (III) and (VIII) 
are 1,3-dioxolanes in which the chromandiol  (X) acts as the glycol component and the oxo aldehyde (II) in 
the case of compound (III) or  the aldehyde (XIII) in the case of the 1,3-dioxolane (VIII) acts as the carbonyl 
component and, consequently,  compounds (IlI, VIII, and XII) have the respect ive  s t ruc tu re s  of 2- (2-methyl -  
3-oxo-2-butyl) - ,  2 - t e r t -pen ty l -  and 2- (2-carboxy-2-propyl ) -4 ,4 ,9b- t r imethyl -3a ,9b-d ihydro-  1, 3-dioxolo- 
[4,5- c] chromene s. 

The chemical  s t ruc ture  of compounds (Ill, V, VIII, and XIII) is also completely confi rmed by the i r  IR 
and PMR spect ra .  The s t ruc tures  of the 1,3-dioxolo[4,5-c]chromene (IV) and the chromanone (VI) were 
determined unambiguously by a compar i son  of the i r  IR and PMR spec t ra  with the spec t ra  of the chroman 
(III) and the chromanone (V). 

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

The PMR spec t ra  were recorded  on an HA -10 0- D-15 spec t rome te r  with TMS as internal  standard.  
The IR spec t ra  of solutions of the substances in carbon te t rachlor ide  were r e c o r d e d  on a UR-20 instrument .  
The end of the react ions  and the individualities of the substances were  determined by TLC in a nonfixed 
l aye r  of alumina of activity grade II. 

2-(2-Methy•-3-•xo-2-buty•)-4'4•9b-trimethy•-3a•9b-dihydro-••3-di•x•••[4•5-c]chr•mene (III). With 
s t i r r ing  and cooling, 0.01 ml of concentra ted sulfuric acid was added to a mixture  of 29 g (0.31 mole) of 
phenol and 11.4 g (0.1 mole) of the oxirane (I) [5]. The t empera tu re  of the mixture  was ra i sed  rapidly to 
70-90~ and was then allowed to fall to that of the room over  2 h. The react ion product  was poured into a 
cooled 15% aqueous solution of caustic potash. The co lor less  c rys ta l s  that deposited were f i l te red  off and 
washed with water  to give 9.1 g (60%) of {III). rap 105-106~ (from methanol).  IR spect ra ,  cm-I :  1718 (CO), 
1134, 1161, 1080 ( - - O - C H - O - ) ,  1230 ( - O - A r ) ,  3050, 1620, 1590, 1490, 760 (o-C6H4). PMR spec t rum* 
(60 MHz, solution in CC14, internal  s tandard HMDS), 5, ppm: 0.98 Is, C (CH3)2], 1.16 (s, CH3), 1.44 (s, CH3), 
1.69 (s, CH~), 1.97 (s, COCH3), 3.5 (s, O - C H - C ) ,  4.54 (s, O - C H - O ) ,  6.8-7.2 (m, o-C6H4). Found: C 70.9; 
71.1; H 8.1; 8.1%; tool. wt. 301; 296 (cryoscopical ly in benzene).  C18H2404. Calculated: C 70.0; H 7.9%; 
mol. wt. 304. 2,4-Dinitrophenylhydrazone (DNPH), rap 149-150~ (from methanol).  Found: N 11.1; 11.4%. 
C24H28N40 7. Calculated: N 11.5%. 

The f i l t ra te  was ext rac ted  repeatedly with pentane, and the ex t rac t s  were washed with water  anddr ied  
with sodium sulfate.  After the removal  of the solvent, disti l lation of the residue gave 1.1 g of methyl iso-  
propyl ketone (VII) (bp 92-94~ n~ 1.3860; DNPH, mp 118-119~ [6]) and 1.6 g of 2 ,2 ,4 - t r imethy lchroman-  
3-one (V) (colorless  liquid with a smell  of camphor,  bp 103-104~ (12 mm); n~ 1.5200; d 2~ 1.0771). IR 
spectrum,  cm- l :  1738 (CO), 1260, 1171 (O-C6H5), 3070, 3050, 1620, 1595, 1490, 950, 770 (o-CGH4). PMR 
spect rum (CC14): 5, ppm: 1.24 (s, CH3), 1.35 (s, CH3), 1.38 (d, CH 3, J = 7  Hz),3.48 (q, CH, J = 7 H z ) , 6 , 8 - 7 . 2  
(In C6H4). Found: C 75.4; 75.7; H 7.5; 7.3%; MR D 53.62. C12H140 2. Calculated: C 75.4; H 7.4%; MRD53.47. 

2- (2-Methyl- 3- oxo- 2-butyl )-4,4, 8 ,9b- te t ramethyl -  3a, 9b- dihydro- 1, 3-dioxolo[4,5-c] chromene (IV) was 
obtained in a s imi la r  manner  to the preceding compound with a yield of 29%. mp 92-93~ {from methanol).  
IR spectrum,  cm- l :  1720 (CO), 1155, 1140, 1101, 1080 ( O - C H - O ) ,  1230 (O-Ar) ,  3030, 1622, 1505 (sub- 
sti tuted aromat ic  nucleus).  PMR spectrum,  6, ppm: 0.96 (s, CH3), 0.98 (s, CH3) , 1.11 (s, CH3), 1.38 (s, 
CH3), 1.62 (s, CH3), 1.97 (s, COCH3), 2.23 (s, CH3-Ar) ,  3.47 (s, O - C H - C ) ,  4.53 (s, O - C H - O ) ,  6.53-7.06 
(m, three  a romat ic  protons).  Found: C 71.6; 71.7; H 8.0; 8.2%. ClsH2604. Calculated: C 71.8; H 8.2%. Also 
isolated was 1.4 g of 2 ,2 ,4 ,6- te t ramethylchroman-3-one  (VI), bp 135-136~ (17 ram); n~ 1.5175; d42~ 1.0582. 
IR spectrum, cm-~: 1738 (CO), 1265, 1173 (O-C6H3), 3040, 1630, 1622, 1501, 953, 840 (substituted aromat ic  
nucleus).  PMR spec t rum (CC14), 5, ppm: 1.20 (s, CH3), 1.36 (s, CH3), 1.40 (d, CH3, J=  7 Hz), 2.26 (s, CH3- 
Ar), 3.46 (q, CH, J = 7  Hz), 6.8 (m, three aromat ic  protons).  Found: C 76.4; 76.3; H 7.8; 7.8%; MRD58.38. 
C13H1602. Calculated: C 76.42; H 7.9%; MR D 58.09. DNPH, mp 175-176~ (from methanol).  Found: N 14.8; 
15.1%. ClgH20N405. Calculated: N 14.8%. 

2 - te r t -Pen ty l -4 ,4 ,9b- t r imethy l -3a ,9b-d ihydro- l ,3 -d ioxo lo[4 ,5 -c ]chromene  (VIII). A mixture  of 30.4g 
of the chromene (III), 15 ml of 85% hydrazine hydrate,  and 22.4 g of finely ground caustic potash in 100 ml 
of diethyleneglycol was boiled for  two hours and then a mixture  of hydrazine and water  was slowly disti l led 
off until the t empera tu re  of the react ion mixture  reached 195~ This t empera tu re  was maintained until 
the evolution of ni t rogen ceased.  Then the react ion mixture  was diluted with water  and ex t rac ted  wi thether ,  

*Abbreviations here  and below: s - singlet; d - doublet; t - t r iplet ;  q - quartet ,  m - multiplet .  
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the e x t r a c t w a s  d r iedwi th  ca lc ium chlor ide , the  so lven twas  dr iven off, and the res idue was r ec ry s t a l l i z ed  to 
give 24.0 g (78%) of (VIII) with mp 63-64~ (from methanol) .  IR spec t rum,  cm- l :  1160, 1172, 1115, 1075 
(O--CH-O) ,  3050, 1618, 1593, 1490, 760 (o-C6H4) , 1230 (O-C6H4). PMR spec t rum (60 MHz, solution in 
CC14) , 6, ppm: 0.76 is, C(CH3)2], 1.15 (s, CH3) , 1.43 (s, CH3), 1.65 (s, CH3) , 0 .71 (t, CH3, J = 6 . 7  Hz), 1.16 
(q, CH2, J =  6.7 Hz), 3.44 (s, O - C H - C ) ,  4.14 (s, O - C H - O ) ,  6.8-7.2 (m, o-C~H4). Found: C 74.3; 74.2; H 
8.9; 8 .8~ .  Ci8H260 3. Calculated:  C 74.5; H 9.0%. 

2- ( 2 -Ca rboxy-2 -p ropy l ) -4 ,4 ,9b - t r ime thy l -3a ,9b -d ihyd ro -  1 ,3-dioxolo[4 ,5-c]chromene (XII). With cool-  
ing to -2~  and s t i r r ing ,  1.7 ml of b romine  and then a solution of 1.02 g of compound (Ill) in 10 ml ofdioxane 
were  added to a solution of 4 g of caust ic  soda in 20 ml  of wa t e r  at such a ra te  that the t e m p e r a t u r e  of the 
reac t ion  mixture  did not exceed 10~ The mix ture  was s t i r r e d  for  another  1 h at room t empera tu r e .  The 
b r o m o f o r m  was dist i l led off with s t e am and the aqueous solution was mixed with a solution of 1 g of sodium 
pyrosulf i te  in 15 ml  of wa t e r  and acidified with hydrochlor ic  acid, which gave 0.78 g (77%) of the acid (XIII), 
mp 198-200~ Found: C 66.4; 66.5; H 7.5; 7.4%; equiv. 306; 305. Ci7HisO 5. Calculated: C 66.5; H 7.2~0; 
equiv. 306. 

Hydrolysis of the Chromene (IH). A mixture of 15.2 g of (Ill) and 23 ml of 80~o formic acid wasboiled 
for 13 h. The solution was diluted with water, neutralized with sodium bicarbonate, and extracted withether, 
the extract was dried with sodium sulfate, the solvent was driven off, and the residue was fractionated 
through a Vigreux column (30 cm), giving 2.3 g of methyl isopropyl ketone and 7.5 g (79~0) of 2,2,4-trimethyl- 

20 1.5195] ch roman-3 -one  (V) [bp 102-104~ (12 mm);  n D 

Hydrolys is  of the 1,3-Dioxolane (VIII). The reac t ion  was p e r f o r m e d  s imi l a r ly  to the preceding  ex-  
pe r imen t  (the reac t ion  mixture  was heated for  1 h 30 rain). F r o m  15 g of (VIII) was obtained 3.8 g (73~ of 
2 ,2-dimethylbutanal  (XIH) (bp 102-104~ n}~ 1.3974; DNPH, mp 144-145~ [3]). PMR spec t rum (CC14) , 6, 
ppm: 0.98 is, C(CH3) 2], 0.50 (t, CH3), 1.61 (q, CH2),9.8 (s, CHO). Also obtained was 7.9 g (80%) of 2,2,4- 
t r i m e t h y l c h r o m a n - 3 - o n e  with bp 102-103~ (11 ram); n~  1.5196; DNPH, mp 163-164~ 

c i s - 2 , 2 - 4 - T r i m e t h y l c h r o m a n - 3 , 4 - d i o l  (X). With cooling t o -  18~ and s t i r r ing ,  a solution of 10.9 g 
(0.07 mole)  of po ta s s ium permangana te  and 9.4 g (0.08 mole) of magnes ium sulfate in 218 ml of wa te r  was 
added by drops  ove r  2 h 30 rain to a solution of 15.1 g (0.09 mole)  of  2 , 2 , 4 - t r i m e t h y l - 2 H - c h r o m e n e  (X-I) obtained 
by the the rma l  decomposi t ion  of 4 - (4 -hydroxypheny l ) -2 ,2 ,4 - t r ime thy lch roman  (rap 165-166~ [7]) in ethanol.  
The manganese  dioxide was f i l te red  off and the res idue was washed with 250 ml of boiling water .  The f i l -  
t ra te  was evapora ted  in vacuum with the aid of a r o t a ry  evapora to r .  The dry res idue  was boiled with 50 ml 
of anhydrous methanol ,  and e l iminat ion of the solvent f r o m  the ex t r ac t  gave 7.4 g (42q0) of the diol {X) with 
mp 136-137~ (from carbon  te t rach lor ide) .  Found: C 68.9; 68.9; H 7.0; 7.1; 1,2-dio199.6,  99.2~0. C12H1603 . 
Calculated:  C 69.2; H 7.1~ 

Dehydrat ion of the Chromandiol  (X). This was p e r f o r m e d  in a s i m i l a r  manne r  to the hydro lys i s  of 
the chromene  (VIII). F r o m  6.4 g of {X) was obtained 4.9 g (84~0) of 2 ,2 ,4 - t r ime thy lch roman-3 -one ,  bp 106- 
107~ (15 ram), n~  1.5197; DNPH, mp 163-164~ (from a mixture  of ch lo ro fo rm and methanol);  a mix ture  
with the DNPH of the chromanone  (V) gave no depress ion  of the mel t ing point. The identity of the c h r o m a -  
none (V) and the sample  obtained by independent synthes is  was a lso  conf i rmed by the complete  coincidence 
of the i r  IR and PMR spec t ra .  
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