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Abstract Reactlon of 2-bromocyclohexanones fused with an aro- 

matrc or heteroaromatic ring (1-3) wlth eplbromohydrln or 3- 

bromo-1,2-propanediol gave two (a and b) or four (a, b, c ,  and 

d) Isomers of the corresponding 2.2-spzro-4-bromomethyl-1,3- 

dzoxolanes 5-8, respectlvely. The stereochemistry of the 

reactions is dzscussed. 

The stereochemistry of 1,3-dioxolane has recently received much attention. 

Yandovskii and ~emnikova' reported that the reactlon of benzaldehyde wlth p- 

substituted p,@-dzmethylstyrene oxlde in the presence of stamic chloride gave a 

m~xture of cls and trans isomers of 4,4-dimethyl-2-phenyl-5-(p-substituted pheny1)- 

l,3-dloxolanes. T~shchenko et a12 reported that the reaction of methyl thlo- 

cyanate in dichloromethane wlth epichlorohydr~n in the presence of boron 

trifluoride afforded 5-chloromethyl-2-methylthlo-2-oxazol~ne in 62 $ yleld. This 

paper deals wlth the reaction of 2-bromocyclohexanone fused with an aromatlc or 

heteroaromat~c ring (1-4) with dl-epibromohydrin, dl-3-bromo-l,2-propanediol, or 

glycerol in the presence of stamic chloride or p-toluenesulfon~c acid, and 

discusses the stereochemlstry of the products. 

dl-5-Bromo-3-methoxycarbonyl-4,5,6,7-tetrahydrobenzo[b]furan-4-one 5 

(3.2 mM) in 1.2-dichloroethane (4 ml) was ketalized with dl-epibromohydrin 

(6.4 mM) in the presence of stamic chloride (0.32 mM) at 26-2X•‹C for 2 h and gave 

a mlxture of stereoisomeric 2,2-splro-4-bromomethyl-1,3-dioxolanes 5 (5'-bromo-4- 

bromomethyl-6',7'-dihydro-3'-methoxycarbonyl-splro[1,3-dioxolane-2,4'-(5'~)-benzo- 

[blfurans]), which was fract~onated by column chromatography lnto two crystalline 

compounds, 2 and 2, in 16 and 18 $yields, respectlvely (Scheme 1). On the 

other hand, azeotroplc distillation of 1 (1.5 mM) In petroleum ether (20 ml) with 



Scheme 1 

Table 1 Preparation and Modlficatlon of Dloxolanes 

- 
Starting 

material 

Reagent 

(Conditions) 

Epibromahydr~n/Sn~l~ 

(in ( c H ~ c ~ ) ~ ,  rt/2 h) 

Bromopropanedlol/~so~ 

(in petr.ether, reflux/l7 b) 

Epibromohydrin/sncl 
4 

(in CH2C12, rt/2.5 h) 

Bromopropaned~ol/~sOH 

(in benzene, reflux/5.5 h) 

Epibromohydr~n/SnC1 4 
(in (CH2C1)2, rt/2 h) 

~pibromohydrln/~ncl 
4 

( ~ n  (CH2C1)2, rt/24 h) 

Bromopropanediol/~s~~ 

(in benzene, reflux/2 d) 

Glycerol/Ts~~ 

(m benzene, reflux/7 d) 

Yleld ($) Total 
yleld 

a b c d (46) ---- - 
16 18 - - 34 

%lo ~sCl/Py (rt/3.5 h) - llc 12 - - 85 - 85 

dl-3-bromo-l,2-propanediol (15 mM) in the presence of p-toluenesulfonic acid 

(0.05 mM) for 17 h gave 5a (5 %) and 2 (10 $) together wzth two other crystall~ne 

compounds, 2 (6 8)  and if! (11 %)9 (Table 1). These four compounds were found to 
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he stereoisomers of the possible conflgurations of the bromine atom at position 

5'. the unsymmetrical l,3-dloxolane ring, and the hromomethyl group at position 

4 ,  according to elemental analysis data and ir, m r ,  and mass spectra9. An 

isomerlzation of the compounds % in d~chloromethane (reflux 24 h) In the presence 

of anhydrous p-toluenesulfanic acid (0.033 M equiv.) gave the Isomer (37 $) 

with recovery of 2 (59 %) by neutralization wlth trlethylamlne, wh~le another 

isomerizatlon of 2 afforded & (25 k) with recovery of (71 qb) under the same 

Conditions. The structures of % and 2 were conclusively determ~ned by X-ray 
11 analysis usmg the corresponding phthallmide derlvatlves. & and a , as 

depicted in Scheme z4. In a, the bonds of C(5')-Br and ~(2)-0(3) are trans and 

the phthalimidomethyl group at positlon 4 has an endo configuration (endo means a 

configuration near the furan plane), while in =, those of C(5')-~r and C(2)-0(3) 
are also trans and the phthalimidomethyl group at posltlon 4 has an exo conflgu- 

ratlon. Accordmgly, the structures of two other phthallmidomethyl compounds. 

1Oc and -I1, are considered to he cis-endo and CIS-ex0 conflgurations, respec- - 
tively (Scheme 2). 

Scheme 2 

10a: trans-endo lob: trans-exo 

10c: CIS-endo - 10d: cis-exo 

It is known that the epoxide r m g  of epichlorohydrln is opened at the a- 

carbon by the attack of a nucleophile in the presence of boron trifluorlde2 or of 

7 an acid wzth or without a base . Activation of dl-epihromohydrin wlth starmic 

chloride would result in a 6+ charge dlstr~bution mainly at the epoxlde's a-carbon 

The carhonyl oxygen of 1 could approach the o-carbon charged vlth 61 in the least 

hlndered d~rection (phase A, Scheme 3). In the following Phase 8, the attraction 



between the carbenlum ion (C 0) and the complex-anion (0:SnCl 0) would afford 
4 

those final products, trans-dloxolanes and 2 (Phase c). On the other hand. 

In the ketallzatlon of the furanone 1 with dl-3-bromo-1,Z-propanedlal, four 

possible stereoisomers of 1.3-dioxolanes (2, a, %, and s) were isolated by 
column chromatography. This result seems reasonable since the ketalization could 

run first with a predominant attack by the primary alcoholic hydroxy group to the 

carbonyl carbon followed by cyclization with water ellminatlon. 

Similar results were obtained rlth the ketallzatlon and mod~fication of 5 -  

bromo-l-p-toluenesulfonyl-4,5,6,7-tetrahydro1ndol-4-one 26 ,  5-bromo-4,5,6,7- 

tetrahydrobenzo[b] thiophen-4-one 27, and 2-bromo-1,2,3,4-tetrahydronaphthalen-1- 
8 one 4 wlth dl-eplbromohydrin, dl-3-hromo-1.2-propanediol, or glycerol and gave 

the corresponding 2.2-splro-4-(substituted methyl)-1,3-d1oxolanes 6-9 (scheme 4 

and Table I). 

Scheme 3 

SnC14 Br 

1 - snc14 &c14 

Scheme 4 
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-1 
Cpd mp ('c) v cm max P-Me ~(3')-H - -  
.% - 3580 (cHc~~) 2.41 ( s )  6.31 (lH, d. 5-3.5) 

10, 133.5-4.5 1712. 1732 (sh) 3.73 (s) 4.51-4.92 (m) 477, 475 - 
lob 139-140 1711 (br) - 3.72 ( s )  4.73-5.08 (m) 477. 475 

1oc - 184-5 1714, 1742 3.79 ( 5 )  4.60-5.04 (m) 477. 475 

10d - 154-5 1709, 1734 (sh) 3.73 ( 5 )  4.90-5.23 (m) 477. 475 

11c 1179, 1374 2.41 (s), 2.44 (s) 4.43-4.73 (m) 6.22 (d. J=3) - 

12a 1.07 (d, 5.6.5) 2.43 ( 5 )  3.93 (dd, J=7.5, 7.5) 6.31 (d, 5=3) - 
12b 1.06 (d, 5=6.5) 2.42 ( 5 )  3.92 (dd, 5=7.5, 7.5) 6.35 (d, 5=3.5) 

12c 1.07 (d, 5~6.5) 2.43 ( s )  3.91 (dd. J=7.5, 7.5) 6.32 (d, ~ = 3 )  - 
126 1.06 (d, 5~6.5) 2.42 ( 5 )  3.91 (dd, 5=8, 8) - 6.35 (d, 5=3.5) 

k n m r  (cDc~,) 6 (Hz) 

CPd -CHMe2 1_H of c(5)-g2 c(3')-g ~(2%)-g - 
1.06 (d, 5=6.5) 4.01 (dd, 5=7.5, 7.5) 7.04 (d, 5=5.5) 7.17 (d, 5=5.5) 

1.07 (d, J=6.5) 4.00 (dd, J=7.5. 7.5) 7.11 (d, 5=5.5) 7.22 (d, 5=5.5) 

15. &: lli-mr (CDC13) 6 (HZ): 1.07 (d, 5=6), 3.90 ( l ~ ,  dd, 5=7.5, 7.5), 4.70 

(lH, dd, J=7.5, 7.5). 
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