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w- ThaIUumlIII) trlnuamacetate has been shown to cleave dithlanes which 

contan hydraxy funcuons that other reagents fail. Hydrolysis of a dlrect precursor of 

yashabushiketol led to tetrahydro-rpymnes. however. 

Many methods far dethiaacetalizauonl have been dweloped indirectly as a result of exploiting reactlvlty 

umpolung based on dlthlane ch&try. How-. mast of these procedures were applied to rather simple 

molecules. in 1972. Jones and Grayshen reported a complete failure of hydrolydng certain steroidal 

dlthlanes with the merculyln) chloride-cadmium carbonate system Later. Carlson et a1.3 encountered serious 

dimculties during debloeldng of dlhydm-y-pymne and furanone dithlanes. Thus. it appears that the presence 

of a hydroql function is unfa~rah le  to the otherwise stralghtfomard reaction. 

We felt thalllum(u1) trinuoroacetate could be used to hydrolyze ketol dlthloacetals advantageously. in view 

of the fast reaction r a t e  and the apparent stablltty of the alcohol gmup toward thalUumlIIl1 species. 

AccordQly. sweral dlthlane d&atives 1 were prepared and submitted to the &dative cleavage. a-Ketols 

(2) have been mwercd in good yields (see Table 11. Howwer. it should be noted that these reations are 

relatlveiy slow as compared to those of slmple dlthloacetals. and in some cases two equivalents of the reagent 

are needed. It Is noted also that h-ne rings are not attacked under such conditions although thallation Ls a 

facile orocess. 

CTLH wlshes to dedicate thls papcr to Professor E.J. Corey on fie occasion of hls 60th birthday. 



To further test the %ope of thls reactton we engaged In a synthesis of yashabushtketol 13) whlch incorporates 

dethloacetallzation of a Wet01 deriuatwe as the W step. Yashabushlktol is a CgCrC6 natural product 

isolated from the male flower of&u&&nlQSIeb.. and Its shucture was elucidated by ~sakawa.~ ?he dlhydro 

derlvatlve of yashsvushlketol has been synthesized from condensation of a 2.4-pentanedione borate complex 

wlth bermaldehyde. followed by hydrogenation. Thls approach evidently cannot be moduled to gam entry into 

3 because of the the lack of mnhol in the mductlon step. 

Condensation of ~Innamaldchyde with 1.3-prapanedithial under standard conditions furnished the dithlane 

4 in 85% yleld. Addltion of n-butylllthlum to a tetrahydrofuran solution of 4 resulted in rapid depmtonatlon 

of the latter compound to give a deep red anion whkh was reacted with epmde 5. The product bas the desired 

structure 8 as IndLcated by 'H mnr I vlnyllc hydrogens as a pair of doublets at S 6.85 and 7.22 (J46 HZ]]. 

Unfortunately. attempts to generate yashabusbiketol from 8 were unsuccessful. Pmtectton of the hydmql 

group in the form of acetate, trifluoroacetate, and trimethykLlyl ether did not lmprwe the sltuatlan. Under 

all experimental conditions we tried a dmterromeric l e u r e  of two tetrahydro- rpyrones was obtained 

(Table 21. More slgnUlcantly, Muoroacetlc acid alone Is capable a h  to induce a partial hydrolysis (an 

equlllbrium between the s M m g  material and the pmduct seemed to have been set up after 2 h at mom 

temperature). wblle ordinary dlthianes such as the 2-phenyl derlvauve are completeiy stable. 
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A plausible mechanism far the reaction is shown in Scheme 1. The f a d e  sclssion of the C-S bond must be due 

to the formation of a stable tertlary carboeation whlch is flanked by a styryl and a sulfeql gmup. Rlng 

formation with hydmxyl partlcipauan follows lagically. Altemathrely, the reaction pathway may Involve 

oxidative cleavage to generate the hydmxy enone which then undergoes the cycllzauon. 

Sch- 1. - - 

Tentatme stcreoehanical assignment af the hvo lsomcm of 7 was based principally on spectral grounds. 

Isomer A absorbs In the infrared at 1725 .whereas isomer B &plays a carbonyl band at 1720cm-< In 

the l ~ - n m r  spectla, Isomer A shows a pseudo stnglet for the aromauc protons at 6 7.10, a broad unresolved 

slgnal centred at 6 4.25 which is a d e d  to the benzyl ether methIne proton M-2). and the rest of the 

spectrum consists of hvo rather symmetrical bands of equal intensity 16 2.4-3.0. 1.6-2.11 and a multiplet at 6 

3.20 for the other ethereal pmtan. On the other hand, isomer B exhibits two slnglets at 6 7.23 and 7.08 lArHl 

a quartet at 64.45 N=9.5 .4 .5 Hz1 due to H-2 whlch must be axially oriented. a multiplet at 6 3.55 for H-6. and 

multlplets of relativeiy sharp signals between 6 1.5 and 2.9 . 



Assurmng that chair eonfomUons prevail in these molecules. the 'H-m data strongly suggest that A Is the 

trans Isomer exlstlng m a  dynamic equfllbnum. and B has a cis stereochemislly. The assignments are 

supported by the higher frequency absorption of the ketonic band of isomer A m the infrared. due to a 

uhlquitous axld substltuent in h By vlrtue of a reflex effect6 which exerts a pinching of the internal bond 

angle of the carbony1 gmup the C=O stretching appears at a hlgher frequency. 

Table 1 .  T F A  Cleavage of a-Ketol Dlthloacetals 
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Table 2. Hydmlpls af 6 to 

Benzoin or- llb). 

To a stirred solution of 2-phenyl-1.3-dithlane (980 mg. 5 mmoll in dry tetrahydrafuran (15 ml) whbh had been 

placed under Ntmgen and cooled to -300 c was added n-butyluthlum (2.3Min h a e .  2.18 ml. 5mmol) via a 

syringe. ARer lh ,  M e h y d e  (636 mg. 6 m o l l  was added, and the mctlrm mixture was left at -1O0to -5% 

far 2.5 h.. when It was quenched with aq. ammonium chlol-lde and &acted wlth chlomform (3x30 mll. 

Evaporation of the &ed extracts ylelded a white solid which was r-talhd from methanol to glve lb (1.23 

g. 81.5%). mp 130.5-131.5 OC: Ir 1CH2Cl21 "3620. I600 an-': l ~ - n r m  1CDCl3) 6 1.622(2H,ml.2.5-2.8 (JH, 

m1, 4.97 (In, s1, 6.7-7.4 (8H, m), 7.5-7.8(ZKml . 
Anal. Calcd for C1.,H18q: C.67.51: H. 6.03. Found: C. 67.53: H. 6.03. 

. . . . a-Phenul 11c1. 

The reaction of 2-phcnyl-1.3-dithme 15 m o l l  wlth cyclopentanone (5.5 m o l l ,  camled out in the same 

manner as the above example, gave. alter dlswlauon at 1400ci(o.2 torr) and rec'ystalllzatlon of the soltdffled 

disWlate h m  ether-petmleum ether. l c  11.28g. 91.5961, mp 84-85.50 C. Ir lCH2C121 v 3600. 1600cm.l: IH- 

nmr I c D c ~ ~ )  61.2-2.4 I11H. ml. 2.5-2.8 (4H, 4.7.2-7.6 (3H, ml. 7.9-8.2 12H. ml. 

Anal. Calcd far C15HZOOSZ: C. 64.24: H. 7.19. Found: C. 64.30: H. 7.15. 

p . . l lal .  

O b m c d  in 83% peld by the standard pmedure. bp 125-13O0 C 10.2 torr) l l ~ t . ~  b.p. 165O C (1.2 torr)]. 



p Ildl. 

Prepared in 77% yield. mp 136-1370C mp 136-136.50Cl. 

r Pr ocedure for 'ITFA HudroIusIs o f  n-Kefol Gene el  

Following the method of Ho and the hydrolysis was performed at roam temperature under conditlans 

specinad inTable 1. The pmduct was extracted with chloroform, purined by preparative tk on silica gel, and 

identified with an authentic sample. 

2 - S t u r u 1 - 1 . 3 - ~  (41. 

A mixture of einnamaldehyde (3.3 g. 25 mmoll. 1.3-pmpanedlthlal 12.97 g. 27 5 m o l l .  and boron tdlluonde 

etherate (1.5 mll in chloroform 1125 mll was s t i l~ed at mom temperature for 15 h. It was washed with 2N 

sodium hydroxide, water, and dried wlth magnesium sulfate. Distlllatlan of the organic extracts furnished 4 

(4.695 g. 85461. hp145-150° C 10.2 tor1 as a thlck oll whlch solidified on standing. Aner reclystalllzation from 

methanol the product melted at 57.5-58°C. Ir ICH2CI21 "1678. 1642. 1MO. 1568 cm-l: 'H-nmr lCDC13) 8 1 6- 

2.2 I2H. ml. 2.7-3.014H.rn1, 4.75 (1H. d. J=7Hz), 6.23 IIH. q. J=16, 7Uz), 6.77 IIH. d. J=16Hz], 7.28 (5H. hr. s). 

Awl. Calcd far C12HI4S2: C. 64.84: H. 6.35. Found C. 64 89: H. 6.30. 

m e  

The deep red lithlodlthlane solution generated from 4 11.22 g. 5.5 mmoll with n-butylllthlum (2.3M. 2.6 ml. 5.9 

mmoll in anhydrous tetrahydmfuran 115 ml) under nitrogen at -30° to -20°C during 0.5 h. Introduction of 

epoxtde 6 I888 mg. 6.0 mmoll to the stirred m o n  solution discharged the color immediately. After another 40 

min the reactlon modure was quenched with aq. ammonlum chloride. A thick oll was obtained after 

chloroform extraction work up and this was purlfilfled by prepantlve Uc on silica gel to give 6 (1.823 g. 89.5%) 

Attempted dlstillatian led to partial decomposition. 1r 1CH2C12) v 3630. 3520. 1600 cm-l:  ' ~ - n m r  ICDCl3) 

61.5-2.316H.m).24-3.217H.m1.4.05l1H,m1,6.2211H,d,J=16Hz1. 6.8511H,d.J=16Hz),7 1315H,sl,7.3-7.515~, 

m): MS 170 evl m/z 370 (Mt. ). 

H!~droI-rlc C h l a l t d e - T r l t l u a r o ~  

Dithlane 6 I481 mg. 1.03 mmoll was dissolved in chlomform 18 ml) and treated with cuprtc chloride dlhydrate 

1375 mgl. trifluomacetic acid 10.5 mll and one drop ofwater for 16 h a t  mom temperature. The reaction mixture 

was fotered and the flltrate diluted wlth chomfarm and washed with water. The crude product obtained from 

the chloroform &act was chmmatographed an  preparative sllica gel plates using 1: 1 benzene-chloroform 

as eluent : two comoounds were isolated. 



7A [loo mg. 28% q0.311. Ir[CH2Cl2) "1725. 1600 an-I :  ' ~ - n m r  ICDCId 81.62.1 (4H. m). 2.4-3.0 14H, m). 3.20 

IlH, ml, 4.25 (1H.m). 7.10(10H. sl..Anal. a. forClgH20Q: C, 81.40: H. 7.19. FaundC, 81.19; H 7.28 

7B (135 mg. 3796: Fq0.551. Ir (CHzC12) ~1720 .  1600 a - l :  '~ -mrt  CCDCl$61.5-2.9 (8H. m). 3.55 flH, m). 4.45 (1H. 

q. J=9.5.4.5HzI2), 7.08 15H, sl. 7.23 (5H. 4. Anal. Calcd.forC1gH20Q: C. 81.40: H. 7.19. Found: C. 81.32. H. 7.25, 

I 7he expenmental portion ls taken from part of the MSc. mesl.? submitted by RJH to the Department of 

Chemistry. UNversity of Manitoba in 1973.1 
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