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m-7.Methoxychromao (II) uodcrgoes Birch rcductloo to g~vc. among other hydrolysis products. 
C.S.6.7-t~hydrochromnn-?-one (V). which u obtamal also by hydrogcnrtioo of 4-(y-hydroxypropylb 
raorciool (IX) io tbc presence of rbodlum on alumma. 

THE Birch reduction has been employed extensively for the conversion of phenolic 
A-ring steroids into 19-nonteroids.z Recent publication of the reduction of 6- 
oxaestradiol fmethyl etI& prompts us to report our work on a model of this type_ 
namely 7-metboxychroman (II, Scheme 1). 

7Methoxy4chromanone (I)’ was reduced to II with Raney nickel under con- 
ditions similar to those used for the reduction of 7hydroxy4chromanooe. Some 
of the preparations contained as a minor constituent an alcohol, which could be 
separated from II chromatographically and dehydrated with iodine; catalytic 
hydrogenation of the oktIn gave additional II. 7Methoxychroman was obtained by 
alumina chromatography as an oil with an IR absorption spectrum identical to that 
of the distilled analytical sample. 

7-Methoxychroman (II) was reduced with lithium, ammonia and t-butyl aIcohol.6 
The reaction appeared to have proceded to completion as judged by loss of the 1620, 
1585 and 1504 cm - ’ bands characteristic of the aromatic ring,’ but unreduced II 
was clearly evident in the NMR spectrum,. where a OMe signal at b 3.7 ppm 
(completely resolved from the 3.5 pptn OMe of III) represents a mok fraction of 004. 
The dihydro product III could be chromatographed on FlotisiI, but chromatographic 
cuts contained traces of II and on standing in contact with the air they were partially 
oxidizedt to II and partially hydrolyzed to VI. 

When the crude reduction product was hydrolyzed in methanolic HCI, chromate 
graphy on FIorisiI gave II, a ketone tentatively identified as 8a-methoxy+5,6,7,8,8a- 
hexabydrochroman-7-one (IV), 4a,5,6,7-tetrahydrochroman-7-ont 0, and 4-(y- 
hydroxpropyl)cyclohexaoc-1,Miooc (VI in one of its tautomeric fonns).$ 

The structure of V is shown by its infrared and NMR spectra and by its synthesis 
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from VIII. Its conversion to the bisdithioketal VII indicates the ease with which the 
tetrahydropyran ring ruptures. The preparation of V by Birch reduction of 7- 
methoxychroman is analogous to the reduction of resorcinol dimetbyl ether and 
subsequent hydrolysis to cyclohexane-1,3dionc,9’ and is similar to the reduction 
of 2Jdibydro5-metboxybenxofuran to 5-mtthoxy-2,3,4,7-tetrahydrofuran except 
for the use of ethanol as the proton source.” Reductions of III were carried out in 
which methanol, 2-propanol or n-butanol replaced t-butyl alcohol, resulting in 
only minor differences in the relative amounts of products. 
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An alternative synthesis of V and VI began with 4-(2carboxyethyl) rcsorcinol 
VIIIa,‘” which was reduced as the ester VIlIb with LAH. The trio1 could be reduced 
with sodium amalgam. but was reduced in better yield and more conveniently by 
hydrogenation in the presence of rhodium on alumina.’ ’ As in the Birch reduction of 
II. a mixture of V and VI was obtained. 

EXPERIMENTAL 

h4.p YQC taken witb a ummclt apparatus ~IXI m uocorraxed. IR spectra were obtamai oa an lofrr- 

axdon sman or mmcral oil mulls The NMR spatra wax obuiocd with a Vari~ A-60 rpcctromcta 

uatng CDCI, solns and TMS a~ the standard. Analywr were by Galbraith Laboratories, Knoxvilk Tcnn.. 

and by Mid- Miaolab. Indianapolis, Ind 

7-Mtihooxychraon (Ilk A soln of 5078 d I’ in l2Oml EtOH VU tnrtcd with two taupoonfuls of 

Ruxy Ni” and held at 65” for 36 hr. The Ni vu tikrrd am3 wasId thoroughly with hot &OH; the 

combined hltnte and waahiqp were evaporated under vacuum to gin 4.79 g of liquid lack@ CO l bsorp 

tion in the IR. Chromatography oa alumma pl”c Il. clutod by petrol (b.p. 3&#). with IR absorption 

idcotiul to UK armlytial sample ob(rioal by distillation : b.p. 27%276”. )I_ 1620. 1585. 1504 (aromatic 

riop).1l~Il#)~lll2an-‘(OMc).(Fouad:C,73~l5~H.7~~.C,,H,,O,rsquim:C73~l5;H.7~3P~). 

Wbeor24hrracrioolim~~t&ylclddIIwulowcr~clutioodrbccolumavirhbmbmc 

and with &a gave an alcohol which was dehydrated III rcfluxing bmanw cootaioiqt I traa d I, (4 hr). 
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Tbc bcnzac xdn was waxbed with 10% Na,S,O,aq, that witb wrtcr. and dried OVQ Mm,. Evaporation 

pn an oiIy rrridrv rbicb was hydrofnrted (PtO,) in EtOH ; cbrotnatogmphy oo alumina pvc IL 

~S.6.7-Trrra+irochromwt-7-oru (V) and 4~y-hydroxypropyl)cycloluxoru-1.3dioru WI) by Birch 

navnimhmmoair(50ml)wudptilbdllltotbC~~I~L1dcICribQd~~nL”Lirirr(06Plg 
oaap)wnaddalitlpiccuwbiktbcmixt~wurtirred~ AxoIttd7-muboxycbromM 

(4~l02~.002Smdr)io~mldt-BuOH(driedover~,)wu~drop~romapenodof~Omto.~ 

another 5 ml of I-BuOH wax added umilarly to rior tbc addition funocl. The blue mixture we stirred 

4 hr. aflex whkb w8ta (75 ml) w88 a&U autiouaiy. The 4ueotn mixture yu atmcted with 3 potions 
(lX,ml)dccba;LbccCbcmlhya~rrrbsdritb4por(i~(l~0)drrca,cbelo~rubbein~ 

acu~En~tiocldcbcdricd(N~,S03crbarohIcn4~)Ugd~oilrichrvonlIR~rt 1712 

~1670cm-‘,~wi~~~blcddlaaion,~~oflbc1629IS8S~I~an-‘paL,of 

IL chromatey d I portion (tlaI au) of the crude dibydro product oo 40 g d Florixil pvc 673 tng 

d IIL duted by benzmepctrd I : I and by benzem wbou NMR spectrum xbows rignab at r5 19 (C,.C, 

mcthyknal2.7 (C,.C, mctbykaa). 3.5 ((T-CH,L 3.7 (impurity). 40 (MHJ sod 46 pptn (C--CHl 

Achr~togrphiccutwhicbuoodlorr&yQporadtotbe~.~~r&onrodfromtbrNMR 

dct~~crhibitodocrIRba6rt3~l~2ladl608(YI).~lUI~(rhouldcr)~I~an-’(II). 

LnrrimiLrBinbraduaioatbtaudcdib~podua(froml0)4gdIl)rubydrol~by~it, 

~~~MMeOH(18ml)coo~coacH~(l~2ml)~wrtcr(08ml)rtr~tcmpfor3hr.Ethaex~oa 

and drying gave an oil with stroog IR rbaorptiott at 3500.1638 and I600 an- ‘. lu cttroamtogxapby oo 

&tmina gve the following fractions: 1. dutcd by benzttc 009s mly 11; 2 m Ol2& oil with 

v_1~(C--0)an~‘;3.~015giot~rcmixt~;4.McOK(H1~oilrithv,3~(OH~ 

1635~I~(~--C-O~1241,1174cm-‘.V~VI;~.McOH,016~im~VLRbchromrt~phy 

of fractioo 2 00 ahtminx gave IV. an oil with IR e at 1724, 1993 and 1052 cm-’ and with NMR 

ugnals at d 3.2 Retal w,) UKI 36 ppm (0 <H,) (Found: C 6543; H. 897; 0.25.57. C,,H,,O, 

requira: C. 65.19; H. 8.75; 0,26oJ%_L Acid hydrolysis d IV in tbc l baacz d McOH wovcrts it to V 

and VI. Rachroma~ograpby of fmction 4 on Rotiail ga= a frxctmo. dutad by bcnamberbcr I : I ad by 

c&r. wbkb wlidiGai It was e from ctber to give V. m.p. 55-w’. IR and NMR identical 

to that preparrd by hydrogen&m d IX. 

41B-C‘urhomtrhoryrthy~~.~rc~~~~ (Vlllh). Anhyd H<‘I Introduced Into a soln of Villa.” (28.38 g) tn 

McOH (100 ml); afta 24 br at room tanp the solvent was evrporatad under vacuum and tbc reuduc was 

cbromatograpbed oo Rorixil(3OOg~ Elution with ctbcr lpve Gvc fractions (2981 g) which crystallized 

oll~ng~werr~t~plrrforIbc~tctepTwo~liocrr~m~o(f~ool 

gave plxta. m.p. 810820”. v_ 3390 and 3280 (OHL 1690 (c=o). 1630. 1610. 1530. 1308, 1214. 1102 

971.851 an-‘. (Found: C, 6140; H. 612 &H,,O. requires: C.61.22; H, 61P/& 

4+H~xypopyf)ruorchd (IX). A so& d Vlllb (18a@ in anbyd ctbcr (54Oml) *II ddod to a 

nirred “rpcndon d LAH (124IOg) in ctba (45Oml) and tbc mixture rcfluxcd 2Obr Wats (15Oml) and 

cone HISO, were ad&d dropwise+ tbc layers were scpuatal ad tbc rcidic 4 Lyu wax extractal twicz 

with ctber. Drying Md cvaponttng tbc ether soln kfl15.2og d liquid residue WitIt a wuk 169oan- ’ 

band. A portion wxs ctytiliad with difGculty from rc.etonebcnzmc and from ctber; the analytical 

sampk crystallized from ether tolucnc to grvc prtsms, m.p. 940959 . v-3412 (OH), 1612 I512 1563. 

1111. 1057. 972 cm-’ (Found: C. 64.43; H. 7.11. C,H,IO, rqutra: C. 6427; H. 7,19?,,). To obtam 

IX for wbocqucnt reduction it was prdcnbk to cbromtograpb UK crude product oo Florisil and dutc 

with ctbcr-bcnaerw mixrura and with ctba. Tbc~ fractionr with IR spectra identical to tb~t d tbc 

andytial xampk, were suitable aa such or could bc trituntai in ~olucne-c&yl acetate to give Ix with 

m.p. 97-99’. 

4a5.6.7-TerrahydtochrMon-7-oru (V) and 4dy-hydroropropyfkyclohexar-1.3dioru. (VI) by hydro- 
gen&km Rhodium oo alumina (lm.. K & K. 350 mg) was added to a xoltt d IX (5.72 0) in water (7.1 ml) 

cootaining NaOH (164 & Tbc mixtun was hydrogenatal at 50 PSI for 24 br, tbcn GheruL The catalyst 

wax wasbal with H,O. dilutin# tbc Gltrrte to 50 ml. This xoltt wax &diGal with cold coot H,SO, and 

cxtrsctal four tima with ether-EtOAc 1: I. Evaporatiott d the dmd nolo (Na,SOJ kfl464 g of a liquid 

raiduc which wax cbroamtograpbal (aatoncetbcr) oo FlorhiL Efba contain& 1% McOH dutal 

08SgdxmiXtUTr(htirprsbominr~lyIX;ccbaoon~T/.McOHdu~a039gincamodir~ 

frraioa’Ihc~~poducfV1(2.26I),rudutsdby+-~~MMcOHincrber;itirrLiquidwitbv-34~ 

(OH~l6aOud1600(~~~~12~1170crm-‘.Duriagev~ntioad~du~~~romc 

d the VI ix converted into its anbydro derivative V. Consequatly. some d tboc frutionx deposited 

crystals whtch. when colkctai and rccryst~llllad from petrol m. 57-58’; v, 3310 (wk). 1642 1600. 
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l2ZQ 1162 1083. lO50,%5,861,84Oan-‘. 64.1 (O-CH,) 5.4~~ (C==CHL (Found: C. 71.18; H. 809. 
C,H ,,O, rcquira: C 7193 ; H. 7435%L RccrysUhtion from water eve UMXIXT form of V. m.p. 49-w. 
with ideotial IR. (Found: C, 7107; H. 795%) 

~~-AcuoxypmpyQKycb-l.~ blvrhyWifhioCIId (ma). A SoIn d cnlck VI (prepuaJ by 
hy-tion d uchromrto8nphal, 2.35 8). cthocdithiol(8 ml), and BF,&tc (4 ml) in AcOH 
(60 ml) stood at room rcmp overnight. Dilution with water md refrcgerrllon pptd crude Vlla. which m 
108109” rhcr raxyswtion in MeOH (2.718b The tiytial runpIe, out of l etonc-water. m.p. 
107-108”. v_ 1740 (c--O) and 1262 cm-‘. (Found: C 4924; H. 635; $ 3546. C,,HI,OIS, rquira: 
C 4oJl; H. 663; S, 35.18%) Tlx same prod- U obw from a cbrotxutogrspbic frxtioa d V. 

4+Hydroxypopyf)cyclokunc1,3diaw biserhykmfir~d (Vllb). A soln of VIb (267 8). NaOH 
(2.7 r) rod water (3 ml) in McOH (270 ml) YU rcfluxal15 atin. dihtal with vltcr (270 ml) lad r&igcntcd. 
The crude product WI) rcqvU&d in McOH to give Vllb. rnp. 1 ICI 16” (-Iin the mdt lpve I form 
with mp. 12%125’), v_ 3560, 128Q Ial. 1031 UKI 1009 cm-‘. (Found: C, 48.21; H. 673; $ 4OGO. 
C,,HI,OS, nquira: C 4840; H, 687; $3976x1 Tbc MXBC compound in formal directly from VI wbcn 
the &on with chncdithiol in arricd out in *ha rather than uxcic acid. 
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