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SYNTHETIC UTILITY OF CHIRAL TETRAHYDRDFURANS: 
PREPARATION OF (lR.3R,5S)-l,3-DIMETHYL-2,9-DIOXABICYCLO[3.3.l]NDNANE 

Yvan Gulndon, Yves St. Denls I, Sylvaln Dalgneault ’ and Howard E. Morton * 

Merck Frosst Canada Inc. 
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Abstract: The use of the lodoetherlflcatlon reaction for the selective preparatlon of 
optically active w-2,4-dlsubstltuted tetrahydrofurans and the use of the latter compounds 
as precursors of s-1,3-dlols 1s exempllfled In the synthesis of 
(lR,3R,5S)-~-1,3-Dlmethyl-2,9-Dloxabicyclo [3.3.l]nonane(]). 

Optically active 1,3-dlols are Important and useful synthons In the synthesis of natural 

products.2 The present paper describes an approach to the stereoselectlve synthesis of a 

1.3-dlol equlvalent and Its appllcatlon In the synthesls of optlcally active 

(1R,3R.5S)-~-l,3-dlmethyl-2,9-dloxablcyclo[3.3.l]nonane l_, a blologlcally Interesting 

host-speclflc substance.3 
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Our approach to the synthesis of 1.3-dlols (Scheme I) Is based on the followlng: a) 

transformation of a slmple chlral precursor bearlng one asymmetric hydroxyl group Into a 

stereochemlcally well deflned trans-(or cls-)2.4-dlsubstltuted tetrahydrofuran; b) subsequent -- 

rlng openlng at the least hlndered carbon-atom In the tetrahydrofuran would then result In the 

formatlon of the deslred syn_-(or anti-)1,3-dlol. It should be noted that thls process results 

In the stereocontrolled formatlon of a new chlral center. In order to optlmlze the vlabllity 

of this approach, an efflclent method for the synthesis of 2.4-dlsubstltuted tetrahydrofurans 

was s0ught.l As described previously, exposure of 1 to base (cat. NaOEt, EtOH, reflux) 

afforded a mixture of lsomerlc cyclic ethers 2 and E (87%) In a ratlo of 2:l.5 Under milder 

conditions (O'C, 2.5h) the c&-Isomer @ predominated (9 to TD, 1:1.7). Although 1(1 can be 

recycled to ?a6 a more stereoselectlve preparation of the m-Isomer 9 was deslred. As 
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shown In Scheme II, the kinetically favored cls-lsomer Jj results from nucleophlllc attack on - 

the c-face of 6 (path b). addition to the E-face (path a) affords the thermodynamically more 

stable trans-lsomer 9. Thls suggested that If the same klnetlc face (Q-face) of the Hlchael 

acceptor were to be the slte of attack by an electrophlle (E-X) ln a bimolecular reaction 

process, It could be posslble to control the stereochemlstry of the cycllzatlon reactlon. 

Subsequent Intramolecular nucleophlllc attack of the hydroxyl group In n on the E-face would 

then result In the formatlon of the m-ester 12. 

Scheme II 
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Treatment of 13 wlth Iodine (5.0 equlv.) In the presence of solld NaHC03 (3.0 equlv., 

THF, 0°C.. 6h) gave a 4.8:1 mixture of the a-lodo esters 14 and 15. in excellent yield (87%). 

Even more lmpresslve was the ratio of 14 and j!j (8.5 to 1. respectively) when the reactlon 

(OY, 24h) was performed in ether (73%). These mlxtures were silylated (ABDPSi-Cl. 1Pr2NEt, 

DHAP. CH2C12) and the products then separated by flash chromatography.7 Gratlfylngly, 

treatment of 3 with nBu3SnH (AIBN. hexane, reflux) resulted In clean reduction of the lodlne 

to produce 9 In excellent yleld (93X).' 

Although iodoetherlflcatlon has been used prevlously for the synthesis of substituted 

tetrahydrofurans.' to our knowledge the present work Is the first example In which an 

lodoetherlflcatlon reaction has been used to establish a 2,4_dlsubstltuted tetrahydrofuran with 



1239 

high trans stereoselectlvlty. It should be noted that due to the presence of the fllchael 

acceptor thls reactlon proceeded in a completely regioselectlve fashlon, and none of the 

corresponding tetrahydropyran was obtatned. 
9b.c 

Interestlngly, the geometry of the olefin 

dld not effect the stereochemlcal preference for the ir,.+-tetrahydrofuran. 
9c 

Thus. 

treatment of the less readlly available e-alcohol jlJ wlth iodlne In ether (OY, 24h) 

followed by sllylation of the crude reactlon mlxture gave the a-iodo esters 19 and 20 

(R=tBOPSl) In a ratio of greater than 7 to 1. respectively. Furthermore, compounds l6, lJ. 19 

and 20 were stereochemically homogeneous wlth respect to the newly formed carbon-lodlne 

bond.11'12 
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Having established a useful method for the selective preparatlon of m-2.4-dlsubstltuted 

tetrahydrofurans we proceeded to transform 9 Into the blcycllc ketal 1, l3 (Scheme III). 

Reductton of 2 (OIBAl-H. toluene. -78°C) afforded the aldehyde 21. (72%) along with a small 

amount of the corresponding alcohol. Wlttlg reactlon (Ph3PCHCOCH3, CH2C12, room 

temperature. 1Bh) and subsequent hydrogenation (H2, 10% Pd/C, EtOH) then gave the ketone 22 

(85X), [a]B t20.0" (c 1.1, CHC13). Protection of the ketone as Its dlmethyl acetall 

(dry HCl, HeOH, (Me0)3CH) and desllylatlon (fiBu4NF) cleanly afforded the ketal alcohol 

,,.lS 

Completlon of our synthetic strategy now depended on the crucial ring openlng of the 

tetrahydrofuran moiety. Towards thls end, we have developed a powerful new reagent. 

dlmethylboron bromide, wlth predictable SN2 reactlvlty for the reglocontrolled cleavage of a 

varlety of carbon-oxygen bonds. 
16 

Treatment of 23 wlth dlmethylboron bromlde (4.0 equlv, 

CH2C12. 0°C to room temperature) In the presence of dilsopropylethylamlne (1.1 equiv.) 

effected cleavage of both the dlmethyl ketal and the cyclic ether to directly afford after 

work-up (aqueous NaHC03-Et20) the volatile bromo-blcycllc ketal 21 (53%). Presumably the 

reactlon intermedlate corresponding to 24 underwent ketallzatlon during work-up. Reduction 

(nBu3SnH. AIBN. hexane reflux) then gave the bicycllc ketal 1 (76%),[o] o -35.2".(c 0.3. 

pentane), lit.13a [alo -37.3". 

In sumnary, the lodoetheriflcatlon reactlon has been used for the stereoselective synthesis 

of a m-2,4-dlsubstltuted tetrahydrofuran. The utlllty of the latter compound as a masked 

chlral 1,3-dial was exempllfled In the efflclent synthesis of optically active 

(lR,3R,SS)-m-(l). 
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