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k p a r k s n t  of h i s t r y ,  Bnmel b ive r s i ty ,  Uxbridge, Yiddl-, UE8 3R1, U. K. 

Ahitrpct - &ten f m  8 l h r t i t u t d  reaorcinols t o  mi-sutstituted d i h ~ t p r u o f u r a n s  are 

described. Wi l s t  me of ac idsa ta lysd  -tiom bet- a -mino1 and an 

aldehyde only gave las  yields of dihydroberuofwans and lacked r e g i m n t m l ,  use of a. 

nucleDphilic -tic substitution amroach was -fd. 

Ihe interesting -1-t inhibitor, K-76 (1) and i t s  eongwers,' have h e w  the subject of t m  

elegant synthetic studies.".- 

CHO 

A m l  feature of th i s  molecule i s  the spin-substituted bawDfuran moiety (2) and in order t o  

find a simple m t e  t o  s ~ m e  -1- of K-16 kme 6 1  studies m the f-tim of th i s  ayatm 

have k c m i e d  cut. Crm pau ib i l i t y  inwlver the d i d  ardervlatim of aldehydes with 

amrotxiataly substituted r e 5 c o r i ~ l s . ~  7%- -ticn of methyl 3.5-dih-te with 

cuclohexanecarbxaldehyde i s  toluene, using suldmric acid as catalyst & OeM and Stark 

d i t i o n s .  aff- a c m ~ l e x  mixture of products f m  which only aus -1d be readily 

isolated (162 ) .  %is Fowrd t o  be a nymnetrical 1:2 -, identified as ths  2.6-disuhstitutd 

reporciml ether ( 3 ) .  



Ibing a variety of alternative acid catalysts neither improw3 the yield of the adduct (3 )  mr 

w i d e 3  any di-te -tituted PFCdYCts. ?he orientation of suhrtitution in caapxvd (3) 

is in agreanwt with the empirical 'ortbeffed' rule.' We initially assumed that the 

andtnsation had pnreeded via the al-1 intediate (4). (S2hem1, folla*ed by dehydration 

to the olefin ( 5 )  end intr-1-lar additim of the pheml after -ti- of the latter, 

a l W  later m l t s  indicated that a hydride shift may -, vide infra. 

since m 4 - m i t u t e d  rssmrilvlls of the desired typt, Ff. (2).  ere isolated, a dified 

wmach was utilised in which the protected b i s - ~ t ~ a l d e h y a e  (6) wap first 

lithiated, this arurring sdedively at the required pasition 4, and the anion reacted with 

cyclohexanecprtcMldehyds to give the alcohol ( I ) ,  followed by the -a1 of the m e d i n g  

srou~s to lnduza the trihydmxybslualdeh- ( 1 0 ) .  heatmt of this alcohol with a wiety of 

dehydrating agwta gave -lax mixtures but u s e  of -ic acid in toluene did pond- - of 
the mired bsl lzofur~  ($11 ,  lnxe clcrsely related to the -tun1 target (2) brt again only in 

low yield. 
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?he aniespcnding dime-ldshyde (12) war alm prepared, via ecmprmd. (8) and (9 ) ,  and 

the behavim of this to the acid dehyrlraticm diti- eramind. Ihe iwlatrd p r d x t  was mt 

the anticipated st- (13) kut instead the endonlclic olefin (14). Remmhly ateric hi&- 

by the ortho-xmtbxy - disfa~va the f m :  the *lit olefin is fa- with 

repggt to the aliolclic ring &em.' Forrnatim of this olefin mrst libly -ed by a 

hydride Bhift rather than intemdiate f-ticn of the (&able) styrene internsdiate. A 

similar proceaa might o3ur in the dihydzmxy series deorribed above. A further indicatim of 

steric hi*- to mtyrene fon~tim wss obtaid when a t t d a  to pxduze olefina of the type 

(13) by Wittig ccndensatim of the ccmxments failed to give any of the desired *. 

As an alt-tiw to the f-ing, inefficient rmter the passibility of mrleDphilic m t i c  

nutstitutim ws explod. Ihe m i v e d  advantage of this rmte war to amid the tim-ing 

selective pmtecticm and depmtdian md.4 to distinguish betmen the t m  renorim1 

~vygws ueed in the m i -  eynthsse..".- 



M e O t  Me0 d : i e  O OMe 6 Meo$! 

16 17 

15 
18 X =double bond 

Ihe olefin (151, propored by reactim of the protected 2.4-din.lethxybwza1dehyde (161 with the 

b i d e  (17). -Id be a i d i d  to the acid 4 pootected a. the -line -t 

ep~xidaticn gave the epide (19). Rehrtim of the latter with cne equivalent of lithium 

aluminium hydride gave the required alcdnl 120), al- the use of en - of the hydride 
rrragwt gave both reduction of the w i d e  -and rsdvcti~ elirninatim of the 2-nethoxy 

subtit-t to give the wduA (21): the -line - is stable to lithium aluminium 
hmide.. -tion of the over-rdmtim prcdu~t (21) gave an idicatim of the greater 

susceptibility of the 2-pcsitim to mrleDphilic attack ard rr, -a1 of the 4-nethcm/l gmup 

was ahserved. 

m t m t  of the alcdnl (20) with dim hydride in THF'O b e d  mrlc&ilic displ-t of 

the mtbxyl grarp to give a 69a yield of the spim2.3-dihydmbenzofuran (22). Ihis - ideally 
suited fm intlrductipl of the final -tic ring suhstituemt by d i e d  anmatic 

htituticn." l b s  treat-t with butyllithiun in THF at -304: f o l l d  by cpemhing with 

dimthylfommide gave the aldehyde (23); the diffmtiatim b e t s  the aldehyde end 

20 R =OMe 22 R = H  

21 R = H  23 R = CHO 
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carhxwlic autstituenta potentially all- for further selective traruf-ti- of thsse 

9Tama. 

In aubequmt !atdie m fand that we oarld dispws. with the -line m e d i n g  m. 'RIw 

readim of the anim f- (16) with t h ~  -ide (24) and -1 of the aoetal protecting 

f m  the intdiate (25) gave the alcahDl (26) in overall 501 yield. Tmatn!ent of this 

aloYID1 with an equivalent of d i m  hydride in 'EP afforded the spil- (27) in 942 

yield. 

Ihe rrse of thia stratw is currently being amlid to a -thesis of the natural d u c t  K-76 

and its -. 

- 
K p  were determined ell a Kof ler hot-atage -at- and are m e d .  Ir spectra were 

obtained f m  chloroform soluti- on a -kin Elmsr 1420 m e t d e r .  'H NFV 

s d r a  were r- using a Varian W 6 0 A  (6OMHz) epedncneter, a Jml FX9W (90 MWz) 

epedmneter. or a Bruker M O O  (400K-k) spectrcmeter wing deuteric&lo~ofoom as m l m t  and 

tetramethylsilane as int-1 ref-. "C m r  e r a  ~ ~ l e  determid either m the J-1 

EX9W (22.5 IW) using deutericchlorofcon as -1-t and tetramethylsilane as int-1 

refererre. 

b a t e  ~ t a  lsre detslminsd wing an AEI-Kratcs !59/50 spect-er. Elenwtal 



anal- were detennid by the Microanalytical Lebxatory, Sdml of CAeXistry, Gniversity of 

W. 

R.adi- ware mitored by thin layer ehramt0grqi-1~ (tlc) using gl- plat- m t e d  with 

Wmk Kimwlpel 60 ma... M i m  plrduct mixtures mre usually processrd by chramtmaphy 

thragh Wmk silica gel (6W) rnder slight m: srrlvent mixt- are cited in ratia of 

-1- before miring. Camrally reactim solvwts were d, after drying over anhydmrs 

dim sulphate, mder reduced preasurr, wing a rotary -ab. SDlvwta wre dried and 

distilled follcwing etadard procemver before use." Light ptrolem ref- to the fractim of 

toiling range 30-4G-G ether ref- to diethyl ether. All rematima irl~lvi& air--itiw 

materials were d e d  urder an at- of dry, --free nit-. Tne term brine ref- 

to ~turoted  aquernra d i m  ohlorid. aolutim. saall -1e distillati- were U e d  using a 

bulb-to-tulb distillatim own rmder reduced prmswe. 

4-Het~ar~l-2,J.5.6-tetrohvdrobsluo~1.2-b:5,4-b'IdifurM-2,6-bi~im1ohexMs (3).- 

Methyl 3.5-dih-te (0.5 g, 3 m l )  and n~l&ame=arbaxaldehyde (0.5 g, 4.5 m l )  

were heated in refluxing tol- (50 ml) in t h e w  of car. Ha. 10.5 nl) using a Dean and 

Stark w a t w  to renare water. After 4 h the readim mixture was -led, weshed with water and 

the -1-t d befcce ChraM-aphing the residue, using ether - light petrol- (1:l I es 

eluant. T b  major fraction ~ a a  the title onpnud, isolated as a crystalline solid (0.17 g, 162), 

w (f- MeM) 131-132~~:3, 1108, 1591 and 1450 an--: 6 ('H.90 M i z )  1.2 - 2.0 (20 H, m, ma), 

3.16 (4 H, s, ArM1), 3.86 (38, 5, Me), 6.31 (1 H, a, ArH): 6 ('% 22.5 Mkk) 22.91 (a=), 25.19 

(a,), 37.27 (a,), 42.36 (a=), 51.47 (Me), 89.17 (C), 96.81 (arcmatic m), 119.83 (C-O), 123.14 

(C), 159.65 (C-0).  161.01 (m). (Ebm& C, 13.9; H, 7.8; C..H..O, -ires C, 14.1; H, 1.91.) 

4 - ( C v c l o h s n r v l ~ ~ l ) - 3 . 5 - b i s I m ~ t k a v ~ - l - ( d i ~ h v l ) ~  (I).- Butyllithim 

(8.8 ml, 1.5 M wlutim in hauane, 13.2 ml) nas n&+d -is8 to a wlutim of the acetal 

(6)" (3.0 g, 11 m l )  in dry C-F (60 ml) at -309:. lb solutim was lsrmed to -209: ewer 40 min 

ard then to 04: eyer 20 min before remoling, to -1- and adding cycldmxammrb=xaldehyde (1.6 

nl, 13 m l )  m i - .  Ihe tmverature of the readicn wa. maintaind at -189: for 1 h before 
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allowing it to ~arrn to rmr. temperature and m i n g  with saturated amncn~m chloride slutim 

(200 m1) and extracted with chl-£om (4 x 70 ml). The d i n e d  extracts m e  dried (-1 and 

ev-ated. the resib was chraaatcgraphd, wing ether - light petrol- (2:3) as eluant. to 

yield the title - as a pale yellow oil (3.24 g, 76a). 4 185W0.3 m Hg; 3 ,  (film) 

3510, 1611, 1581, 1155 and 1045 m-'; S ('H, 90MW) 0.8 - 2.0 (11 H, m, CH and M,), 2.3 (1 H, 

n, M), 3.32 (6 H, e, 2 x M801, 3.48 (6 H, 2 x Ha)), 4.82 (1 H, bzcd t, J 8 Hz, mllapses to d 

with D,O,-), 5.21 (4 H, a, 2 x m a ) ,  5.29 [I H, s, m(eg).l, 6.81 (2 H, s, MI. (Fand: 

C: 62.6; H, 8.42. & 3384.2139. C,&,,O, -ires C, 62.52; H, 8.42, k. 384.2148.) 

4 - ( C v c l ~ l h ~ t h ~ l l - 3 , 5 4 i h ~ l d e h V d e  (10).- Ihe e t a 1  (I) (2.25 g, 5.9 -11 

was di-lved in 1M El in 'IW (1:3, 80 ml) and stirred for 1 h at - tenperat- before 

w i n g  into water (150 ml) and extracting with chl-f- (4 x 70 ml). The d i n e d  chloroform 

extracts rsere dried and the salvent rmnvd to afford an oil (1.93 g, 9821. A lsMlple of thim 

(1.1 g) was inmediately added to a sluticn of 4H squaru sulphuric acid in 'E-F (I:?, 35 nl) 

before heating to reflux for 3 h. The slutim ups -led, neutralisad with a saturated aqugus 

solutian of aim hy- m b m a t e  mlutim and extracted with chloroform (4 x 50 ml). ?he 

d i n e d  organic extracts w e  rsashed with kine (200 ml), dried and the solvent rercrvrd. Ihe 

residue ChmMtcgraphed, using ether - light petrol- (1:3) as eluant, to give the title 

a 1 6 1  (0.59 g, 722) as a crystalline solid, rm 15 - 774: (etbll; 3- 3610, 3330, 1695, 

and 1590 cm-': 6 ( W ,  90 Mlz)(Ca31, - &-mso) 1.0 - 2.0 (11 H, m, M ,  a321,  5.06 I1 H, t, J_  6 

€k, -11- to d on exdmvp with D s ,  -1, 5.32 IlH, bred d, J 5 Hz, exchnngpl by 0-0, 

a), 6.84 I 2  H, s, ArH), 9.21 IZH, bzcd s, axchanged by DB, -1, 9.11 I1  H, s, W). (Famd: 

C, 62.4: H, 1.5: C,.H.DOI.H~ r-ires C, 62.1; H, 7.52.) 

2 , 3 - D ~ 4 - h ~ I b l f u r a - 6 s ~ b y r a l d e h v d e - 2 - 9 ~ i - l a h a x a n e  (1 1) .- 
A -1utim of the a 1 6 1  (10) (100 mg, 0.4 -1) and tosic acid (10 mg) in toluene I5 ml) was 

heated to reflux for 1 h, before wliw and W i n g  with a saturated asugxvl salutim of 

dim hydrogw carbmte (10 ml). The tol- layer nas separated, the squaru layer extracted 

with chlomfon. (4 x 5 ml) and the c a b i d  organic la- dried. Ihe solwnt ups r d  to 

give a residue that was idiately cbmaatcgraphed, using ether - light petrol- I 1:3) as 

eluant. to afford the title 0xson-d I5 mg. 52) as a gma. i), 3590, 3300, 1694, 1593. 1443, 



and 1332 an-': 8 ('H, 90 m) 0.7 - 2.0 (10 H, m, a,), 2.95 (2 H, s, m.), 5.21 (IH, broads. 

exchanged by D&, A K # l ) ,  6.85 (2 H, a, ArH), 9.80 (1 H, a, W). (Found: LC- 232.1098: C,Jhe03 

requires M' 232.1099.) 

1 , 3 - D i m t ~ - 5 - ( d i m t ~ h y l ) ~  (81.- Tmic acid (0.16 g) was addgl to a chilled 

solution of 3.5-dimethoxybenzaldehyde (1.9 g, 11.4 -1) in dry lnsthanol (35 ml). After stirring 

at OOC for 2.5 h a saturatgl aqugw dim h- m b t e  soluticn wos added to the 

reactian mixture, water (80 ml) added and the mixture extracted with ether (4 x 70 mll. 'Ih 

d i n e d  extracts raae dried, filtered and ev-ated. Ihe reaidue up. chr9notograSbd through 

ailica gel, using sthsl - light petroleum (1:3) as the eluant to give the title acetal (81 as an 

m b r  oil (2.32 g, 922), lm 115%/0.3 m Hg: 9 ,  1600, 1463, 1156 ard 1055 cm-': 6 ('H, 60 

MHz) 3.38 16 H, a, (WIWI, 3.84 (6 H, s, RrCMB), 5.36 [I H, a, (MeO).MI, 6.49 (1 H, m, ArH), 

6.68 (2 H, m, RM) .  (Found: C, 62.2: H, 7.5: C,,H,aO, rewires C, 62.2: H, 7.62.1 

4 - ( ~ l o h e x v l h v d m n n a e t h ~ l L - 3 . 5 - d i l a e t h p v - l - ( d i m t ~ h v l ) ~  (91.- Butyllithium (15 ml, 1.5 M 

solutim in hexane, 22.5 -1) was added dropwiae to a soluticn of the acetal (81 (4.0 g, 19 

-1) in dry X-l?' (60 ml) -led to -30%. Ihe t-at- of the s~lution was all& to w- to 

04: over 1 h tef- reomling to -78- and d i n g  c y c l ~ ~ l d e h y d e  (2.8 ml. 23 n n l )  

dropwise. After a further 1 h at -78% the solution was all& to warm to rocrn tenperatwe and 

pnued into a saturated aquew amrs l i l rm chloride solution. Thr, mixture was extractd with 

chloroform (4 x 70 ml), the d i n e 3  extracts dried, filter& and eraprated and the residue 

ChmMtcgraplued thrm& ailica -1. using ethsl - light petroleum l1:2) as eluant, to afford the 

title alcohDl as a czystalli~lp solid (3.79 g, 62%). np 60 - 624: ( f m ,  9th); 9- 3545, 

1590. 1450, 1415, 1353, 1150, 1050and1007cn-'; S('H, 90MHzI 0.8-1.4 (6H.m.M.l. 1.4- 

2.0 (4 H, M, M,), 2.0 - 2.3 (1 H, m, = I ,  3.33 [6 H, s, (@l.Ml, 3.52 lIIH,d,J 11.6 Hz. 

erchanged by Dg, m),  3.83 (6 H. s, ArCWB), 4.79 (1 H, dd, J_ 11.6, 8.7 Hz, mllame= to d. J_ 

8.7 Hz with D.0, qgu). (Fand: C: 66.5, H, 8.7; C,a,.O. mi- C, 66.6; H, 8.71.) 

4 - ( ~ l ~ l h v d m x n r r t t h v 1 ~ - 3 , 5 - d i m t ~ l d e h v d e  (121.- Ihe acetal ( 9 )  (3.88 g, 12 -1) w a s  

dissolved in 1M aqugua El in %-IF (1:3, 30 ml) and the nclutiol stirred at mn temperature for 

1 h. Ihe s~lution then pcured into distilled water (200 ml) and extracted with chlorofom (4 
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x 80 ml), the cpnbined extracts dried, filtered and evaporate3 and the residue aystalliasd fm 

e t h l  to give the title aldehyde (3.23 g, 972). np 132-13493: 9, 3560, 1692, 1583, 

1461, 1420, 1310 and 1112 an-': 6 ('H, 90 DP1E) 0.8 - 2.0 (10 H, m, M.), 2.0 - 2.3 ( 1 H, m. 

CB), 3.46 (1 H, d.Jl1.8Hz. exdwgadbyD,O, C H I ,  3.91 (6H. a, ArOlg), 4.85 (1 H,dd, J_ 

11.8, 8.7 Ek, call- to d, J 8.7 Ek on exchaw8 with D20, m), 7.08 ( 2  H, s, ArW, 9.91 (1 

H, s, C-R). ( F a d :  C, 68.8; H, 8.0: C,&..O, requires C, 69.0; H, 8.02.) 

4 - ( C v c l o h e x - l - - l - y l m t h ~ l ) - 3 , 5 - d i ~ 1 d e h v d e  (14).- Ihe aldehyde (12) (3.2 g, 

11.5 -1) and tcsic acid (51 ng) m e  di-lved in dry toluene (150 ml) and the resulting 

solutian heated to reflux for 24 h. Ihe reactiol mixture was pwed into a saturated aweam 

dim hykqem carhxete mlutim (200 ml) and the organic layer separated. T b  aqugus layer 

was extracted with chloroform (4 x 100 ml), the d i n e d  organic layers washed with brine and 

then dried, filtered and evaporated. Ih. residue was chranatcgrqhd, using ether - light 

petroleum (1:12) as eluant to afford the title olefin (2.09 g, 70%) as a col-lass =lid, mp 

82 - 8393 (f- ether); 9 ,  1688. 1585, 1455, 1420, 1383, 1340, 1190, 1168 and 1040 a-'; 6 

('H, 90 MHz) 1.35 - 1.15 (4 H, m, Mz), 1.75 - 2.05 (4 H, m, M.), 3.31 (2 H, s, m,), 3.86 

(6 H, 8, ArOlg), 5.17 (1 H, m, vinylif H), 7.06 (2 H, s, ArH), 9.91 (1 H, s, alO).(Fnuul: C, 

73.6: H, 8.0: C,&..O. requires C, 73.8: H, 7.72.) 

I,3-Di&hoxv-4-(dimthonmsthvl)~ (16).- e l y a t - 1 5  (H') resin (2.25 g) rss lvlded t o e  

chilled solution of 2,4-dimthqhwaldehyde (9.00 g, 54 -1) and trimthyl orthoformate (28.8 

9. 271 -1) in dry 'IIF (250 ml). Ihe reactian mixture was stirred vigcorualy for 2 h at 0 - 

593, filtad snd the solvent d. The residue was rapidly distilled (hlb oven) to give the 

title acetal (9.54 g, 83%). bp 1304: /0.2 mn Hg; 9 ,  1615, 1593, 1508, 1467, 1160 and 1050 an-'; 

6 ('H, 60 W )  3.34 I6 H, s, (HeD)PII, 3.83 (6 H, s, -1. 5.61 [I H, r, (M801@1, 6.51 (2 H, 

n, ArH), 7.46 (1 H, m, ArH). (M: C, 62.4: H, 7.6: C,,H,.04 require. C, 62.3: H, 7.6t.) 

I-(8rammthyl)cv~lohsx-I-= (17).- Methyl sulphide (6.25 ml, 0.1 m l )   as added dmpsiae to a 

stirred nolutian of N-broneurinimide (14.8 g, 55 m l )  in dichl-thane (750 ml) at -593. 

After 1 h at 04: the -ion was -led to -204: and I-(h-thy1)qclohax-1-eraeneene (6.2 

g, 55 -1) added. Ihe mixture was thw stimd at (PC for 1 h, -4 into brine and the 



aque~us phase extracted with ether (2 x 100 ml) before the organic axtracts were mnbined, &id 

and the solvent carefully remrrved to yield ;he title brmnide a. a pale yellor liauid, 3, 
3010 and 1438 an-'. lhis iss used withcut further puification. 

3 - ( ~ - 1 - ~ - 1 - ~ ) - 2 , 4 - d i m ~ ~ a I d e h v d e  (15).- mtyllithiun (18 ml, 1.54 M 

soluticn in hexane, 27.7 -1) iss addsd dmpwise to a chilled (-4093) solution of the m t a l  

(16) (4.5 9, 21 -1) in dry 'JIF (150 m1) and the tmserature a l l 4  to rise over 1 h to -5% 

and addtd to a -ion of ccpptr (I) W i d e  - dinethyl sulphide cocple* (5.24 g, 25.5 m l )  

in 'IW (150 ml) at - 3 W .  The mixture was allcued to warm to 09: and stirred for 1 h before 

d i n g  the W i d e  (17) (4.5 g, 26 m l ) ,  lreeping the tenperature belor OOC. After a further 1 h 

the mixture ~ k 9  paPed into a saturated aqueous anmmimn chloride -1utisn 1400 ml) and the 

mixture extracted with chloroform (3 r 200 mi). Ihe organic extract was wasbed with brine, dried 

and the e~l-t renwed before clvrmat~ding the residue, using ether - light petroleum (1:3) 
as eluant. ?he title olefin (4.15 g, 1%) was obtained as an oil, bp (bulb m) 15093/0.3 m 

Hg; 9 ,  1677, 1591, 1463, 1280, and 1095 on-': S (9% 90 MHI) 1.4 - 2.1 (8H. m). 3.85 (3% s, 

m), 3.87 ( 3 H , s , m ) ,  5.16 (lH,m,vinylicH), 6.71 (1H,d,J8.7Hz, 54). 7.77 (1H. 

d, J8.7Ib. 4-H), 10.21 (1 H, s, m). (Fand: C, 73.6; H, 7.8. C,&~.O.-irasC, 73.8: H, 

3-(--1~-1-~)-2,4-dinethoxy-1-(4,5-~4',4'-dimethvl~l-2'-~llbwzwe 

(18) .- Ihe aldehyde (15) (1.9 g) rss midisad with silver oxide (8.5 9) in ethanol (75 ml) 

under etardard ~=ditiana'~ to a f f d  the cDlTeapcnding acid (1.56 g, 712). A ample of the acid 

(612 mg, 2.2 m l )  w49 reacted with 2-mi-2-methyl-l-pmpanol (218 mg, 2.4 -1) in the 

of diwlahexylcartcdiinide (504 4, 2.4 -1) and l-h-riazole I330 mg, 2.4 

m l )  in dry W (15 ml) at - trrnperature for 0.5 h before rarkup in the -1 manner," to give 

3-(~ld~%-l-en-l-yl~hyl)-2,4-dimethoay-l-[N-(l ,l-dinethyl-2-hydmxpthyl ) c a r ~ l l -  

benzene (766 mg, 9%). m.p. 96 - 9PC;V- 3360,1633, 1595, 1538, 1274 and 1093 an-'. (Faud: C. 

69.1; H, 8.4; N, 4.3: Cz0H19Ma -ires C, 69.1; H, 8.4; N, 4.01.) 

The mido-alcdnl (766 w, 2.21 m l )  in bmzew (15 mll was treated with thimyl chlorida 

(1.6ml. -) at mcm trrnperature. Ihe sohtion ~ k 9  stirred for 2 h bef01-0 paving into ether 
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- hexam (I:?, 200 ml). ?he mixture W P ~  thm waporated rmder reduced preewe and the reaidual 

oil treatd with 3M NaCH -1utirn. mtil basic, and extradd with ether (4 x 50 ml). 

Ihe organic extra& was dried, f i l t d  and evaporated to give th title--line (646 mg, 89a) 

as an oil, 3,  1645, 1596, 1278, and 1095 m-'. (M: & 329.1988: C,di=,N), 

-ires ET- 329.1991.) 

rrrolidation of the Oxazoline (la).- A aolutim of 341-ic acid (1.76 g,  8.1 -1) in 

dichl-thane (15 ml) was added m i s e  at CT to a solution of the -line (2.68 g, 8.1 

-1) in dichl-thane (100 ml). Ihe solution was stirred at CT for 5 min and then at man 

tenperatwe for 20 min. Ihs rmreacted oxidant was dastroyed with a little aqugus dim 

sulphite nolutim and the mixture rnshed with water (100 ml) and brine (100 ml) before drying, 

filtering and BY-ating. Ihe residue was chnxmtographd, using ether - light petrol- (1:l) 

as eluant, to a f f d  the -ide (19) (2.39 g, 952.) as a yellm oil: 5)- 1644, 1591, 1488, 

1462, 1280. and 1107 m-': 6 ('H, 60Wb). 0.1 - 1.5 (4 H, m. C-I.), 1.39 (6 H, s, He.), 1.5 - 

2.25 (4 H, m, a&), 2.81 ((1 H, d, J 14 ~ z ,  m), 3.19 ( 1  H, d, J 14 Hz, Ar w), 2.99 (1 H, 

m, 2"-H), 3.80 (3H, s, m ) ,  3.84 (3% s, m ) ,  4.10 (ZH, s, 5'-H), 6.19 (1 H, d, J9Hz. 

&-HI, 7.72 (1 H, d, J 9 &, m). (M: & 345.1928; czdl.,m. m i r e e  M-- 345.1940.) 

Beduction of the m i d e  (19).- Lithim alminim hydride (0.14 ml, 1M s~lutim in m, 14 -1) 

a&d mi- to the -i& (212 ns, 0.61 -1) in m (I ml) at ro;m t-at- and the 

mixture stirred for 1.5 h before m i n g  with water and dilute dim h-ide solutlm. The 

mixture w a s  filtered and then extraded with e tbr  (10 ml), h e f m  drying and -1 of solvent 

to leave 3 - ( 1 - ~ 1 ~ - 1 - y l ) m e t h y l - 2 , 4 4 i m s t ~ - 1 - ( 4 , 5 4 i h ~ , 4 4 i l n e t h y 1 - 1 - 2 -  

yl)bwzwe (20) (213 mg, 1002): 3, 3530, 1643, 1600, 1488, 1465, 1280, and 1097 m-': 6 ('H, 

6 0 w )  1.39 (6H, s, He.), 1.53 (10 H, Lwxd s, ~yclohavyl H), 2.95 (2 H, s, AW,), 3.26 (1 H, s, 

CH), 3.82 (3 H, a, AKMe), 3.90 (3 H, a, AKMe), 4.12 (2 H, s, 5'-H), 6.15 (1 H, d, J 9 Hz, R r H ) ,  

7.17 (1 H, d, J_ 9 Hz, Am). (M: m& 347.2081. C.&&3. rrquirea M'- 347.2091.) 

h the rechrticn was carried cut in the pr- of an - of lithim alminim hydride 
(,2.5 es.) a mixture of the &save a l b l  and the over--icn pmduct (21) forred, ratio 



1.4:l r-tively. Ihe cawam3 (21) war isolated as a mlourl- oil (W), 3,  3535, 1645, 

1608. 1505, 1351, 1252, and 910 m-'; 6 ('H. 60 m) 1.37 (6  H, s, Me.), 1.50 (10 H, brc4 a. 

olclohaxyl HI, 2.42 (1 H, e, CHI, 2.85 ( 2  H, s, mz), 3.87 (3 H, s, RICMe), 4.08 ( 2  H, s, 5 ' -  

H), 6.90 (1 H, m, WH), 7.83 ( 2  H, m, M). IRmxI: m& 311.1990; M'. m i r e s  317.1991.) 

2,3-Dihvdro-4-~-7-(4,5-dl4,4-dimethyl-l-2-)beuu[bl furan-6wLoxal&vde-2- 

spi-lchexane (22).- Sodium hydride (28 mg. 1.2 -1) in nlF (10 nl) was stirred with 

the al&l (20) (200 ng, 0.6 -1) in 'IW (10 ml) at reflux for 16 h. mixture was -led 

and w e d  into brine befme extraction with ether (3  x 20 nl). Ihe cdined extracts uere 

dried, filtered, ev-ated and the residue chxxmatwaphed, uing ether -light petmlewn 1 I : l )  

as eluant to give the title 0- (125 mg, Kg:), mp 110-111- ( f m  water-net-1): 3 ,  

1636, 1622, 1505, 1430, 1284, and I102 cm-'; 6 ('H, 400 DW) 1.35 ( 6  H, a. k11, 1.40 - 1.54 ( 4 

H, m, M,), 1.67 - 1.15 ( 2  H, m, a,), 1.75 - 1.85 (2 H, n, M a ) ,  1.84 -1.93 ( 2  H, m, M.), 2.86 

( 2 ~ .  d, J_0.5Hz,  m.), 3.84 (3H.  a, RIOMe), 4.09 ( 2 H .  s, 5'-H), 6.39 ( 1  H, d, 2 8 . 8 H z .  5- 

H). 7.11 (1 H, dt, J 8.8, 0.5 Hz, 4-H). (Fcund: C, 72.2: H, 1.8; N, 4.5: C,.H,&& -mas C, 

72.3: H, 8.0: N, 4.4:.) 

2,3-~ihvdm4-mthDxv-7-(4,5-d~4,4-d~neth~l~l-2-rll~~blfuran-6-c~Loxaldehvde-2- 

~i-lcbxme (231.- Butyllithima (0.6 ml, 1 . W  solutim in hexme, 0.92 -1) was 

added dmprise to a solutim of the apiro-2,3-dihydmbenzofuran (22) (200 mg, 0.63 -11 in 

l W F  ( I  ml) at -400C. After 1 h the s t i d  solution war W to -304: for a further 0.5 h, 

-led to -184: Md dry (0.1 ml, 1.29 -1) added. After 1 h at -784: the reactim mixture 

rw d to mpa t-ature 4 with an Mturated solutim of amrcniw 

chloride (20 ml) and extracted with ether (3 x 20 ml). Ihe COVM~C extract waa dried, filtered 

and evaporated and the residue ~ t ~ ~ ,  using ether - light petroleun, (1: l )  as eluant, 

to give the title aldehyde (112 mg, 51:) as a pale yell- oil, 9, 1690, 1655, 1605, 1323, 

1145 and 910 cm-'; 6 ('H, 60 m) 1.41 (6  H, s, Me.), 1.00 - 2.30 (10 H, cyclchan/l H), 2.93 (2  

H, S, AIM.), 3.90 ( 3  H, s, -1, 4.16 (2 H. s, 5'-H). 7.05 (1 H. s. ArH). 10.33 ( 1  H. s. 

m). (m: & 343.1790. C.OH.~M. m i r e s  M-- 343. 1184.1 

Rsadim of Canmnd (16) with (?A).- Butyllithiln (6.14 nl, 1.54 M solutim in 

haxane, 9.5 m l )  was added dmpriee to a chilled (-4WC) soluticn of the acatal (2.01 g, 9.5 
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-1) in nlF (30 ml) and the sduticn all& to warm to -5- over 1.5 h, before adding =A 

(3.4 ml, 19 -1) and the -ide (24)'- (0.96 g, 8.5 -11. Ihe mixture was ~ t e d  to reflux 

for 2 h, -led and q2erchd with a saturated aque~ua solution of amncnium chloride (30 ml) 

before extraction with chloroform ( 3  x 30 ml). Ihe organic extract was dried, fitered and 

av-at4 anl the residue chlwatcqached, using ether - light petrol- (1:6) as eluant, to 

afford 2 , 6 - d i m e ~ - 3 - ( d i m e t h c o o y m . t h y l - l - 1 - [ ( l - h ~ l ~ l ) m e t h y l l ~  (25)  (1.43 g, 

511) as a v i m  oil, bp (hlb ovw) 175'C/0.1 nm W: 9 - 3505, 1603, 1485, 1462, 1434, 

1365, 1273, and 1095 an-'. (W: C, 66.6: H, 8.7: C,dlzoOs m i r e .  C, 66.6; H, 8.7%.) 

3 - ( 1 - ~ l o h a x - 1 - ~ 1 ) ~ t h v l - 2 , 4 - d i ~  (26).-  Ih. h a 1  (25) (1.19 g, 

3.7 -1) was treated with Adzerlyst 15  (H-) resin (255 lag) in water (0.55 ml) in acetsne (30 

d )  at ram t-r-ture for 45 min, before filterins and =eating the filtrtlte. 'Ib residue 

was chlwatqrophed, using ether as eluant, to give the title aldehyde (0.98 g, 962) as a mle 

yellow oil, 1 ) -  3540, 1675, 1587, 1275, 1255, and 1094 an-': 6 ('H, 90 Ew) 1.49 (10 H, m, 

cyclohexyl H ) ,  2.89 ( 2 H, s, AIM,), 2.89 (1 H, s, exdmwed by LO, OH), 3.88 13 H, s, ArCMe), 

3.91 ( 3  H, s, -1, 6.7 (1 H, d, J 8.8 Hz, 5-HI, 7.75 (1% d, J 8.&, 643). 10.19 (1  H, s, 

-1. (W: C, 68.9; H, 8.0: C , & Z A  requires C, 69.0: H, 8.02.1 

2 , 3 - ~ 4 - ~ ~ I b l f u r a n - 7 s ~ h 1 d e h y d e - 2 - ~ i r ~ ~ ~ ~ 1 o h e x a n e  (27).- Sodium hydride 

(17 ng, 601 in oil, 0.42 -1) was d4d to a olutiol of the aldehyde (26) (52 mg, 0.2 -1) in 

dry rn ( 8  ml) and the mixture heated at 600c for 17 h. ?he readion mixture was then w e d  into 

brine and extracted with &lorofom ( 3  x 15 ml). Ihe d i n e d  extracts were dried, filtered and 

avapxated 4 the rglldue c h l w a t o m a ~ ,  us~ng ether - light petroleurn (1:7) as eluant, to give 

the title ether (44 mg, 941) as a v i m  oil, 9- 1670, 1611, 1586, 1435, 1285, 1257, and 

1096 m-'; 6 ('H, 400 Miz) 1.50 (4 H, m ,  M2) ,  1.68 - 1.73 (2  H, m, M2),  1.77 - 7.82 (2  HI m, Mz) 

1.86 - 1.91 ( 2  H, m, M.), 2.88 (2  H, d, J 0.7 Hz, AIMzI, 3.89 ( 3  H, s, ArOMsI, 6.46 (1  H, dt. J 

8.8. 0.7 Hz. 5-8). 7.64 (1 H, dd, J 8.8, 0.6 HZ, 6-HI. 10.10 (1 H, d,  J 0.6 HZ. -1. (Faod: C. 

73.2; H. 7.4: C,dlroO, requires C, 73.2: H, 7.42.) 
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