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A STUDY OP THE ACID CATALYZED UAUAHGBIIDT 

01' 4..0XO-J,l.DIPIM'Hl'L-3,4-DIH%DROPHBNAN'l'HUNB 

IMftODUCTION 

SiX.....beHd 070110 ketonea 0011ta1ning tWO dOUble 

boD4a (dlen.ouea) eltber esoorollc or erdoo7o11c r&al"l"a'Qge 

under ac14 catalyate to tON phenolic derl'Y&t1Tea b7 

algratlot'l of oerta1t'l attached alk)'l groupe alJd wbaequent 

arost1eatlou ot the l'lllg. Malll exaaaplea ot thia 

re&l'l"&Dgeaeut appear 111 the 'literature the •• 

41eu«m.e-phellol waa tire~ appl~ecl to 1t b7 W114s anA 

Ojera••l 111 1946 (32, p.1712). lt ta 1llt•reettug to 

uote tbat there la little or no •v14euoe ill the llte~ture 

oonoerni~ tbe luaoeptlb111tr ot the reacttou to eterlo 

hlndranoe. 

The dieuoue•phellol reaft'eltS•••t haa toulld w14e 

application •• a 8Jllthet1o tool. Aalde troa the o~loua 

u•e tOl' the 8Jl'lthes11 ot 3,4-41a1Jql•pbtbo1a wh1ob 

prooeed ln goocl 71•14•• muoh uluab1e lUI ot th 

rearraage•eTlt haa beeu ~· tn the e;vntheet.• ot atero14a1 

•tertale. These poeeib1lltiee .oo\114 be apprec.t.ablr 
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broadened l.t the reaot1011 were touud to be rea•o•blJ 

S:naeu1t1ve to eter1c tactor•. 

In 1940 it ••• predicted (251 p.450) that 4,5­

dlaet~lpheuautbrene (I) should bi opttca117 actlve 

beoalde or the methJ'l groupe ln the h1a4ere4 po11t1ona. 

Later work with the rela'ecl aold (II) colltlrlaed th1e 

pre41ot1on and X•r&7 ana11111 rev..led that optical 

aot1v1t7 1n the•• h11l4eN4 o011poUldl can arlee troa both 

be1141-ng of the alkyl groupe out ot the plane ot the r1ng 

or b7 bea41~ ot the rlng 1taelt (2), p.4?65). 

X.W.n am co-worker• 1nvelt1gatlng optloally 

aotlve aro-atlo po17Ctc11c oa.pounda have prepared the 

optlca117 aottve hexahello u (III) (2), p.476S). 'l'he 

41euone-pheuo1 rear•l!IC••••t could be uaetul 110t cml7 

for the .,utbeale ot 11a11ar b1D4ered aro.at1o oo.poua4e 

aucb •• (IV) • (V} an4 (VI) aa8Wilng no ater1o 11rlltat1oue 

but ooul4 aleo ..ke poe1lble tbe etudJ ot the &blolute 

oont~ttou ot 1uoh hindered aromatic rlng•. 

It le, therefore, 4ee1rable to atud7 further eoae 

aoleoulea ao coutructecl aa to pen1t aa..aaHnt ot the 

1ntlueaoe of aterlo ettecte on the oX7gen a1grat1oa 

aeobaulam. The d1enone 4-oxo-31 3-dlae h71-J,4-41hJ'dro­

phesnthreue (VII) auppltee the eblpleet case tor euoh a 

etuctr. 
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HIS'l'OlUCAL 

A1tbough numerous examples o~ the 41euone-pbenol 

r..r~nge11eut are to be tound 1n the literature, the 

eal'l.7 work (prlor to 1952) •• adectlate17 surveyed by 

Oelaz1er (16, p.4-11), so that only the work a1nce that 

t111e need be csOTered here. It should be noted that the 

dlenone-pheuol rearraqgeaeut 1s parttoularly useful aa a 

structural 4~at1c w pon aud recently aa a .,nthetlc• 

a11f uaetul prooeaa. 

A ~~letr ot routee are a~11able tor the a711theata 

ot 41e11oua. Wtutelu (3'• p.7S6) bas 8J11thea1tte4 

41enonea ot the aplrau type such ae (I) a'nd (Il) bJ raeau 

of Ar1-partlc1pat1on from the correepon«tng ~-eubst1-

tuted phenox14e. Although the d1euou (Il) waa ot 

tl'llultor, eXllte'DOe, 1ta preaeQOe oould be 4eteote4 

'QeCtrophotometr1call.7. 

Curtin baa postulated the tormatlon ot a dleuone 

1ntenedlate (III) 4ur1ng e para..Clataeu rearra:nge11ent 

ot pb.eur1 ethers (11, .2611). Iu the process ot proY1ng 

hie postulate. he baa developed a 11ethod of •yutheele tor 

dteuonee 'teaed on a "'POrt by Clalaen (20, p.210) blob 

auggeated that the aedtum •lta ot phenols undergo 
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ortho.alk)'latlou. Ut111e1ng thls Pl'OCedure* he baa 

preparecl 41enoues ot type (IV) by reaction or an allyl 

or benql brolllde wlth the aoc11a aalt ot 2, 6..ct1Htb7l• 

phenol (9, P-3156). Ua1ng the lithium salt ot the phenol, 

41euonea lt&Ob aa (V) could be pHpa~ a1noe the reaction 

1a no longe~ restricted to the use ot allyl or beDZfl 

hal14ea {7, p.4)'9 anA 10• p.6016)~ Tbe latter ~e4ure 

bas been augge8tecl bJ CUrtin •• a aetbo4 or obta11l1ng 

pure 41enonaa a1nce the d1euoue produced 41•er1zea to a 

ao11d Which can be pur1t1e4 by OJ.78t&ll1zat1ol1 ald the 

c11euou t'MOYered b1 ftC\ltUI 4iatJ.llatlo~ 

w....lr baa prepa.red d1euonea ot the qu1no1 tne 

bJ oxl4ation ot pb•n.ols w1th leact tetnacetate. A few 

repreaentatt.a exa.plea are illustrated b,r the ox~~1on 

ot the phenols (VI)• (VII) ali4 ~VIII ') to procluce the 

qu.1uol mollO.. ald 41aoetatea ()0• P•69). Work baa been 

done subatltutlug acetyl atld benzoyl peroxides tor lead 

t•treaoetate (31, p.425). 

Alder baa carried out the syllthea a ot dleuonea 

baY1!18 e%0()7011o double boDda b7 reaot1-og orolopentel'l8­

J-ou•l with beualdebJde to produce the dtftoutt (D) 

aud (X) (2, p.17.32) aad baa also prepared the cyc1o­

b.eixad1e110tte ( %) b7 nrob'a1a ~ tulveue oxide (3, p.1709). 

~n aDd others baYe prepared C701obexadlel10M8 baY1ug 
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a tr1oh1orometb7l group auoh aa (XII) b7 reaot1ou ot 

al.Q1 aubetltuted pheuola with carbou tetracblor1de 1u 

the preae~ ot alwall\UII chlor14e (24, p.978). 

Examplea of the usetul~•• of the d1enone.phenol 

rearrauge•eut lu &711thesie are supp11ed b7 P•n.tou et al. , 

al¥1 also b1 BurDell and Ta)Tlor Who ••• ttsecl the reane ·•• 

ent tor the ayutheela ot eu- atld ae-veu-raesabe:re4 rings b7 

the espaua1on ot suitable t1Ye .. aDd au embered rlnga. 

Bxaaples ot e1x-me ~red l'1ng 8JUthea1a are g1veu by 

Penton et a,l. (14, p.S983) and by Burnell aud Taylor 

(8, p.,3486) who ro4ucecl the deell'ed polycyclic c011pound 

by rearrangement or (XIII) a'QI.\ (Xtv) reoect1Tel.7. Seven-

bared r1~ -.,nthesla 1 illustrated b.1 tb ~ authors 

lu the rearr&l)guent o£ the d1enone8 (XV) al'ld (XVl). 

Wilde am DJ raas1 &711tbea1ced the hormoue ol ... 

eatra41ol usltag a procedure wh1oh employed the cl1enone­

phenol rearN'QS8018nt aa one ot the key atepa lu the 

syntheale (32. p.2125). other workers 11kewiee bave 84e 

valuable uae 0t ttila rearre.tlgelleut 111 the qn.tbea1e ot 

teroldal •ter!ala b7 partial &re:JII&il.t1eat1ou or au1table 

sterol del'1Yat1vea ()51 p.494). 

Aa a atruoturel ana11a1e 4evto , the 41enoue­

pheuol rearr&trgelll8nt ba alao t'o\lnd application. It waa 

learned tnat ·tutroduct1on ot a double bond tu a dlenone 
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to ton the oQJ"reqol141tJ8 tt"leltOn.e {XVII) causes mlgl'atton 

f>t the met}Q' S'H'U.P 4\U.'lflg r&&l'l'!\ogeaeut &'athe-r than th& 

sec.ondal"J llql eu.bat1tu;te•t fO'Nlllg (XV%.11). l)J.-&eal 

an4 lloeenkrau (27, p .•896) .p.v adcl~ t'tf"ldenoe tor 

pretvetttlal JDetby1 poq.p dllpa.t~Ol1 1u t~leuouea. 

By aualOQ' the rea..-uc~t JrOd.Uot ot ketone 

(XIX) eau be ntp.ed the etruottare (XX.).. That th~a 

aaaigmllent 1• oo""'"t has O.•n ; oven b7 •yatheetar. 

L1kew1• the ~-••ent t~t . tbe d1enone (XXI} to the 

1'~4etd1subat1tute.A tet,.llu &ncl 1te a.ppl1oat1on to the 

:w:-earraqgea at ot more o.orapl.d etl"tlCt\U"a117 nlated 

DaoleoUJ•• baa 111&de 1,t pote1b1e to •••lgn. atr\lCturea to 

tbe re&ft"EllSge.-nt ~04qots ot oth•~ ooaspl.u ketones b1 

the pri~~Clple ot atJalogy. Gooctwin and Witkop (17 • p.1?9) • 

·1n a &J'tlth~sla bav1-ng applt.oat on 1ll b1olog1cal oxlda'blcm 

raechanlslla, ban uwed ·the: 4l&llOU-Pheuol rearre.~nt ot 

(XXII) to proctu.oe the eorre~!:rsg phenol. 

WQOc.\WUct (34 •. )),.).)) has •ncam. b7 a'tl. elea,allt proof 

that tbe 41eucme (XX.!n) ~nges to the phe110l (XXIV) 

vta a epuan lutenecU.ate. Tbta cou14 ·oocv onl.J' 1t the 

more h1ghly eubatltut,ed oarbOu atom algl'atee . 1u prefer• 

euce to the least •ubst1tute4 one,. lleGentl.71 B100Dl 

(61 p.6aSo) baa proY14ed the tb"st 4eta11e4 ~bleutal 

•vtdeuoe tw the ec111!ttet'l0e ot the Qlran 1ntum.edlate ln 

http:lleGentl.71
http:proctu.oe
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the cu.•acme.-J)h u.o1 ~nge eut as we~11 as ver1f7iue; 

Wood•U'd•s aesl.gtulleut of the oonect stl'Ucture (XXIV) 

'bJ delioutrratlllC bat the 41enone (XXV') rearraagee .. ,to 

.(JCXVI) alld not (XXVII). 

Bloom baa also 4emoutate4 tbat rlng e1ze 1nt1u• 

e® e the courae of the dleuone-pberlOl tte&na1lg.aen,t 

(5• p.4?28). The ~ttgeaen.t ot the ketone (XXVIII) 

baa beetL ahGWil to prootd by the epil'an tt1te~t.ate 

(XXIX). B:to• baa 1hGWn that lt the tt11lg B 1n the ketone 

(XXVIII) la ••U• the atra1n oocu!ng 111 the lP·lran 

t.nteruatc!late 1s 8Uft1c1en,t to preven\ the rea~Tangemeut 

ti'Om tak1t~g th1a oourse atd ~he a~l' na'tb71 group 

tal.Patee lut484 f'or~D1ng the pheul (XXX)·;. 

Abe• et a.l. (1, p.1416) l1a'V'e "'sed the 41enone­

pheno1 rearra~~nt 1u the1r tulles or the Opt~117 

actl'V'e and opt1oal11 1~otlve me•bers at the aautoatn 

eerles. One eJ:alllPle, ·the ~rrange~aent ot raoet~1e 

aautoulu D (XXX:X) w:lll autt.toe. The blaok dote ••PlOJM. 

Show tbat tbe attached group llea •bove the »latt.e ot the 

uaolecule. 

'!here 61'8 · a va~let7 or aotdio IMClt.a to obooQ troa 

tu ~U.gl'Qg dl-en.Ol18a to pheuolt, Drle41ng, et al. 

(U, p • .)l.59) noted tbat the 41e'Q.Om!J (XXXII) prod.uoed 

41tt6rettt ~ngeaeut procluota 4epelld1ng upon vhetn..r 
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the r_...lll•mnt aaed.ta •• a llll&tve ot h74roohlo~to •tid 

sultltt-1c aot4t~ or wbetbeJI" l~ ••• a mUt.ure ot aoetlo, 

a'bb74r14e and eult\U'1c e.o1.4. 

Although Woodwud atid S1ugh ort.s1•117 tONula.tea. 

the dieuue•phen.ol ~---llt . ,aa a11 ao14 oatalraed. 

nact1ou (lS. p.494l, 1~ baa been t"eoelltl¥ ebown that tt 

1s :posalble to pr0111ote 'the 41noue-pheuol reatT81t2gelltl1t 

b.r long perlo4s ot l~~tlon Wlth ultraviolet 11ght. 

Dtttler, et al. (1,3, 1••494) ba"N l'eal'Ta'Q!ed the cU.encme 

(XXXIII) by long ten llTa41ation. Wlth \lltRT10let 

llgbt to a m1:ltnn-. ot 1'01HlW8 (XXXIV) am (XXXV). Short• 

er 1t'rad1at1on. pertode PJ'o4UOe4 ta.-lo tetre.oJol1c ald 

peutaoJClle keto•• wbiqh ... probabl7 lntened.s.ate 

pz'Oduota to the phenol•• 

http:dieuue�phen.ol


14 

_H_C_I_I_H_2._S_O...~..+~• ~o'.GO HO~
XXxll 

00 
OH 

XXX Ill 

+ 

OAc 

XXX\{ 



15 

D'XSOUSS:Z:CN 

'· . ~Dtibatci.O ll:QIUI<h&a . 

Th• details of the qn'tbetls et 4-ose•3t3-41methyl• 

' 14-ilhrltJ-OPll••n'bNM (pag• 16) ha'V• t.en 418Queaea. 

pPEJ.,lOUEJlf (19, P•19) am lt t.s t~e . lt~.teat here to deal 

wtth the rearraage111eut ·.r ~ao•'•'..d1metbfl•.3 •4-dilU'dl-o• 

J>h•r~antlu'ene. Otte •odU'lcat1an Haultlng ln 4ecreaaS.ng 

the llWlbel' at eteps 1n the 8711tht111e was lutroctucea.. It 

has been ahon. that a oarbon-ozrge:a 4oub1• bon! .adjacent 

to an a:ro•ts.c lll.tcleu.e 1a nd.u~eA to a metbflen.e trO\lP 

4\ft't11J& the d•~l'Ogenat1on (26• Jhl·09f) • Thle ..a.e it 

~lalble to so dlrect17 to the acid (!!.) trom. the aetbtl 

ea~er· of ac14 (I). 

fhe aJUtbetle: wohem• erap&o,-etl (paae 17) couU eon­

eflt·l.vabl7 1-.4 to three products; two d.111y4ro:J)henaathrenes 

a'td a 41h~oantm:..,uu!,ne. S1120e eaoh could ~nge vta 

e1the.- ot the two aw.llab1e J*:bha •lat possible products 

wst be ooutctet?ed attu 41•none..phel'lol ~'CIIJ•meat. 

':L'hue 1t can be seeu that ·1t 5~a most Lmportant to 

prcwe the 14ent1.ty ot the ·etas-tins' matw!al before no• 
ceed.1118 w1th the ~ng~lMllt at the 41ettOue proper. 

http:14ent1.ty
http:4ecreaaS.ng
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Kl'ollpteltter and Sohlter report that tet"'1ln Pl'Oduoea 

oet exclue1ve beta aubet1tut1cm. but BOlle alpba sub­

st1tut1ort a.oes occur (211 p•620). However, both actcls 

(II) a'Qd (III) baTe been tJJ11thell&ed by SeDgUpta (28t p.9). 

and tb• ltructures ProTell bJ ox1ctat1ou to e1th~ alpha• 

or beta-sphth04.c ao14. Acool'dlt:tg to &mgupta, t · acld 

(IX) u1t1 at 13.3·135° al14 (III) at 99•101°. The ao14 

obtai~ 111 thte work b.J ooQdeueat1on ot tetra11n with 

d1Jietb71euoo1n1o al'lh7dr14e Dtelt.d at 139.5-140° 1•Y11lg 

110 doubt ot lta being a veey pure -.mple of the de11l'ecl 

acid (II) thu.a el11D1Dat1ng the leome:ra (%V) and (V). 

In Sengupta •e aaethod ot eynthea1e or the ao14a 1 t 

1e poaslble to obtain a 41tt1oult to eparate a1xture ot 

the alpha• a'ad beta•l3&phtho1o ao1de. 'rhle prol:abl.J 

eQla1u wbf his ao ids aelt ewer a w14ez- range than do 

the acids ~thea1zed 1n thil w~k. 

'l'he attthraoene 1aoura (VI) and (VII) oau be 

ellalnat.t alao on the bae1a ot first. the 1ut~ 

speotra1 and eeoo-od on the. basla ot work dOM on the 

8)'nthea1e ot a llWiber ot allqlphellanthl-eMa by Haworth, 

Werner, Xem.rd, and Ba7eon (29 1 p.346) ba'fe reported the 

ln.:trarecl spectra ot a llWiber ot aubat1tuted. -.phtbaleuea 

amo~ thea bel~ the 1,2- and the 21 )- d1aubat1tute4 

aaphtba1enea• Sluce the o;yol1ze4 ketone w111 be 1n 
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eseel10e e1ther a 1,2- or a 2t:3-d1aubet1.tuted naphthal u.e 

depending upon whethw cro11zat1oll le angular or linea~, 

compar1aon ot spectra should provide evidence tor the 

structure at the tr1c7cllc ketone. 

The toll~1ng table showe the ttttre.red abaorpt1on 

mxt• tor the 418ubet1tuted taphthaleus as 11ate4 b1 

Wel"'ler et al. aliA the cycl1ze4 ketone. Tbe ng1ons ot 

abeorpt1on for 41att.ngu1ablng the two 1s0111er1c naphtha­

lenea 11e 1n the 740•770 om•l reg1on aDd the 800-840 cm•1 

region. or th•••, acoordlug to th ·a boTe aent1o11ed 

authors, the tormer 1e the more rel~ble. 

2,,~1substltute4 1t2.01eubatttuted 
DlabSfba:LtMI ••obtbalMt• 

748 cm-1 ~4 o..·l 
743 om•1 
786 om•1 
808 cm-1 
865 om•l 

It can be seen qu1te J'M414' that the lntra.rect IJ*)t~ 

g1Ye Y8't'Y oonv1nc1ttg e'f1dellee tw angular cyo11zat1on.. 

HaWoMb (18, p,.2248) obtal:ned. a number ot •lk71 

substltl.lted pb.enanthl'euea b7 07011zat1ou ot the cone­

spcmdbJg aaphtho71but7t'1o aolds. This parallels our 

route ot eynthe81e 1n. go ng troaa (II) to (VIII). ot 

e1gh~een 07011zat1cme ot t»aphtoylb\ltJI'lo ao14e, ••ven.teeu 

~uoe4 the a11gUlar-o7cllzed product. In tton.e ot theee 

ee•enteen. caae• wa• Haworth able to obtain a ll118U' 
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cyc11ze4 pz'oduct. I11 the one caae where linear oyc11• 

zat1ou oco\U'Ted. the CJOll:tfld prod.uot wu obtained 1n. 15~ 

yleld and here at Plo taoto~• wh1oh 1nh1b1t the tormat1on 

ot the &llgtllar isomer were pres nt. 

It •••• quite appannt then that the tr1oJollo 

k•tone S.e 1'D4eed 4-oxo•,3,)-41Jaetby1-1,2,),4-tet~o­

pheauthre'ne and t!Bt atteutlon m&J' then be dlreoted to 

the 1ntroduct1ou ot the double bond _1u the 1,2-poeltlon. 

The bromide ot 4-oxo-11 3-dlmetn,l-l,Z,3,4,.tetrabJdro• 

pheuantbrel28 aa prepaNcl b;y br0111t~at1on us1ll£ N-bromo­

suoo1n.111l14e, The brom1de produced waa isolated b7 

d1at11lat1o~ 'Lmder- a high .acuwa but uo attempt to obtatn 

a pure 8&liiP1• tll&de. De~obroaa1TJat1ou waa aoo011... 

p11ahed by h•t1ag the brom1de lntel'lllecU.ate in 'Y -col1141• 

at 135·140° tor )0 m1'ftlltee. An 1utrare4 1pectrua ot thls 

dleuone abOW$1 the expected 1660 olD•l carbol:l¥1 trequeno)" .• 

In order to prove that no akeletal rearrangement ooourred 

4ur1ng 1ntroduct10l1 ot the double bond, a aat~Ple ot the 

1.Ula&tur&ted ketcme waa submitted to quant1tat1Ye ~ 

genats.on. It took up 10~ ot the theoretical amount o~ 

hJdrogeu am gave 4.oxo-3,3-4111eth71·1·2·'·4-tetrab1dro­

phenautbrene as proftu by a oomp&l'l1J011 ot the 11'Jtrared 

epectra W1th that ot the orlPnal tetrahfdroketo• · 

pheuantbreue. The 41euoue waa ohrOJDil:tograpbed oYer 

e.lualna betore use. 

http:genats.on
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The dt. ~t.one was utr melf d1tf1cult to p.artlt;y tor­

anal;ytloal purpoaea, the major con.taa.S.nant be1ttg probablJ 

br-omoketone. A dletllled 8&11Ple ot ~~ dlenone waa 

placed on a obroalltaatl'lp. Developaent ot : e ltt-lp• and. 

exa.1nat1on under ultraviolet 11ght revealed a u~ber ot 

tluore10ent areas cwreepoll4112S to 1~~JPUP1tles 1n the 

d1enon.e. caretul om-o-tography over a2.:U.o1o ao1d am 

over alal:aa followed 'b7 can.tul dryS:og under vacuum 

rie14ed a aample ot the 41enoue which attll oduced 

fluorescent areas on the obromaplate under ultraviolet 

light and ta1led to glve an exact ana~e1e. 

T.be attempta to rearrange the d1enone undel' co~ 
' 

41t1ona ca.ol317 aployecl (aoetlo atlh7clr1de am oata17t1o 

amounts ot eulturlc aotd) gav atter 31 hours and atter 

' v eka o'l113 polJ1aerlc - terJ.als al'ld starting •ter!a1. 

Slnoe it e eaed prol:llble tbat the catalyst Ul¥1.er these 

oCmdltlou 1a the ~et)'lla 1ou, the ater1c h1l3drauce 

about tbe OXJsen tunct1oa •lsbt 1Uh1b1t attaok at that 

polnt. To 1n1aatce thla f&et()%i; ~ngemeut was 

atteaapted ln glacial acet1c aold uslttg conceutrat..t 

b7drochlor1o ac1d •• a aata1Jat but without auco•••· 
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.!be 41euon.e waa then. ettoJectM to ~nseaent 

uader tONed oo$\ltiou taa1ttg ~et1c anb74ricle 1n wh.1cb 

was.41sao1ved a larg _ezoe•• .of' 4loMeutra:te4 ault\U"ic 

acw. !l'Ae ~ ••• auowea. tq staM two weeks. '!hough 

tbt.s J*'o4UOe4 oul.y a red ol1wh1ob. ,ooul.( 110t be 1nduce4 to 

crvata111se, ~t was 4etln1t•lJ •~ouragtng because the o11 

ebOJfed .a peak in the 1ntra.rea. at 1759 e111•l·· Exarllnat1on 

ot .the o11 b7 t.he chroDlatagtp~p technique 1n41cated the 

preae!Jde, et eeYeral OOll:POl.UJda• al¥1 suggested the teas1• 

b11tt:v ot aepan.t1q the corraponente on a s.111o1o ao14 

column. fhe atbt~ ~. obl"..,tosra~ed ou e111o1c ac14 

aad th• e1uat.es uamt:n.M. at lnte:nals lu thO: 1500-1800 011•1 

.-eglon. 1\ro aubatano a we obtaS:nea. l'he first .. baV1llg 

car~l absorption. at 1'8' ;cm•1 traa a )'el1ow G!7sta111ne 

material. Mltlng at 9.1•.5-94-.. 0° 'WhJ.oh wae ta•ntU·tea. a• 

1-bJ'oao-4-oxo•J•3.ct.~sethJl-1,2rJ14....tetrahydl'O»he•n.tbrene, 

<'he ••omt -.terlal haV1"£ an ace'bate baltA at 17.59 cna•l• 

attlted at 13G-l.J2°• No othe:r acetates wex-e totm4. 

There )l-emalu tn. probl• ot aacenaill1l16 whethev 

tb.e acetate 1•olated has the stru.oture (XX) cw (X). t'h1c 

probleJa was cOlilPle:C,ed bF the 1eolat1on ot'Jl.J' )54 mg. of 

http:e1uat.es
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•terlal •nd the 41tt1cult1es attendant upon prov141ng 

a larger sample. 

A porttou ot the aaeteaote was b)r4roltJe4 by the 

prooed.UN •~ L. P&.eaezt (15 • p.2468) to a -phenol whloh 

melted at 178-179° d .. An 1ntr&re4 apectrwa showed the 

expeot;ed h14rOX71 .xbll at about 3.370 cm~1• A seconl 

port1ou ot the acetate was ox14Ued to au aoetoXJ-. 

pbe•ntm.qt:tlllone ad by4ro1y•ed to the eowespoldtng 
j. 

hfclroqq,uluoue. Ulltortu..-te1y the overall yte14 was too 

low to provUe. taate•lal to!' an ••17t1oal eample. 

Xt should proTe po8a1ble to JUdge trhetbw (IX) or 

(X) le obtained on the bas1s of the varlA~e tn thetr 

b7c11"oe;en:t 'bo'tl4lug behavior and the q~lnon.e• 4et-1Yed fPom 

them. :tt ~· 'bon4il'J8 tuYo1v•• the H o~ a11 o..H 

group, tbe oharaote~letlc . O~H •t7etch1ng f~~uencr ot 

thS..$ group 1.tt the l:attaal:'ed ~~~ low~ •net th• atrOl!J881:' 

the bYcbtogett bot141ng la, the greater ~he '-owerS;og ot the 

tnque1101. ft1e lowes-l"Dg ot the trequene7 w.111 QOcur 

nethw the ~ogeu bonding 18 iatenolec\tlar or 1utra­

llloleou.lal- a134 ill ol'd.aJ' to dl.etl:ogu1ah bet11l$el1 1nter. a'nd 

lnt,...•o1.e'l.tl.al- b;rdrogell baQdl'rl8 a eer-iee ot a:pent8 at 

tl1tt&rel1t oonoeutrettou ~au.-t be obtained (4, p.215)~ 

It 'bhe bJ4roge•. bon41l2S in the molecule is inter• 
., 

molecular, oont1aueA 4Uut1on o:t a conceutratM aotut1011 

ot the •te1al ln queetlou will oauae, the bonded 0-H 

http:lnt,...�o1.e'l.tl
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trequenoJ" to d1-.ppcta" beo•uee 4Uut1ou t•atroya. the 

~en. bonding• On the ·o•h~ be-111, . hdlfe?el', 1t the 

type ot lU'dl'~ bcmd~ ooourr1ug s.s 1atre.mo1eoll-• tto 

anat ot dl~uttou. w!ll cause th• ~- ,0.-H t...,_ue110y 

to dl•ppear. 

It e1the~ ot the -•nols (XX) o~ (X) was obta1l'l64• 

1tttenaoleo.ular ~ll boud.~Ag woul~ be ex~ted to ocolJlt 

act d.1lut1on oeotra aa 4eacr1be4 abo'Ye woul4 show a 

d1.aap~uoe of tbe b0l.lde4 · 0·~ h'equeuc.r "Ubol48br 

pert.pa1 lliahtlf GlOH ra.p1417 in the o&•e ot . th~ ht'fldered 

:phfft1.01 (X)* Howev.- wlth the cor:r.-eapond11lg qu1ttones (XI) 

aud (XU) • oul.J tn the case of CXX) oau 1utruaoleoular 

~u bon411'2g oocQr,. Tbua an examlnat1® of the O.R 

at,u:wetohl:n& ~ln tor the· bfdl'oxyqut.une •houl4 show 

•~gntt1oaut d1ttere110e8 upon 41lU.t1oa alS.d »ett'lllt 

unequ1Yooa1 1deut1f1catlon ot the ~uc • 

Oa the !'oUowlug Ja$0.• aM ebown the 411utton 

spectra or the phellol am the qu1l10t.t.e, It eau be s"n 

by the 411&PJMI8l'allee ot the 337-. coa-l l)el.k al¥1 a1•o the 

appeara110e ot tbe abarp peak at 3600 ora•l s.n tbe caM or 
the phenol. ad the ~1atel'JC.e of th• 3440 em•1 peak ln 

tne can ot the qU1110u tbat the extat~uce ot &1\ 1nt:ra• 

mo1eo\llar ~ogell bon4 ta ehowu. Th1e ooUli cm.l7 be the 

O.$e lt 3t~4-4.1meth;rl!lotl•bJdrQSJPbe¥nthr'eue (D) bad btet'l 

http:phfft1.01
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produced .111 the ~12geuaen.t t aeaQJI1llS that uo •lor- ad 

Ul'lexpected skeletal ~tJgement occurred, 



26 

70 

60 

so 
z 
0 
H 
Cll 
Cl) 
H 4o 
:IE: 
Cl) 
z 
~ 
8 

30 
~ 
r.x:l 
0p:: 

re 
20 

10 

DILUTION SPECTRA OF 

1-HYDROXY-3,4-DIMETHYLPHENANTHRENE 

----- 9.0 X 10-~ molar 
-·-·-3.6 X 10- molar 
--··-1.8 X lo-5 molar 

./" .,.,.. 
.,/··;; --·· 

,.,-·......­

3700 3SOO 3300 3100 2eJOO 2700 



27 

60 

so 

----,'- "'"\ 
,..-'"'

/' '·/ 

"""'\ \ 
· ·-··-· ·­ .. ". .

.\ .

--··"'\\;· 

I1,. 
I.,'/ 

j 
_.,...,. ..­

DILUTION SPECTRA OF 1-HYDROXY­

J,4-DIMETHYL-9,10-PHENANTHBAQUINONE 

5~12 X lO:fr molar 
- ·- ·- 2.56 X 10 molar 
-------- 1.28 X 1ojt molar 
- .. - .. - 0.64 X 10 molar _,./,­

,"' ..,.,..
70 ,/ 

·-""' 
. 

/f 
I 

\ 

\ 
\ ,.

,vi 
\ I

\ \ l I I. 

··\I. 
\ 

v . I 
: 1 r\. . 
:1 J 

zo 

10 

\\ i\. . 
:Vi
\ : 

\J 

3700 3 soo 3300 3100 zgoo 2700 

FREQUENCY (om-1) 



28 

Y . -{2~~;htbJ:l) o<. a:s_-41methJl)!utn:lP ac14 
A 111XttU-e oonta.lnl~ 12~8 C• (O.o49 UJole) ot Y • 

(S,6• 7 ,S•tetra~o...l•naplitborl) o<.1 o<. ..cl1~aetbl'l:Pl'OP1on1o 

o14 atld. o·.a g'• ot 10~ Pd...C catalyst was p~pa.~ and 

heated to 2000 utl4er a n1t~en atUlolpbh'e• Stlrr1l)S a 

atartec1 1. the n1trogen tlow 4ecrea.-ed all.Cl the terapel'ature 

was ralaed to ~70° ••t-7 el•l7 ov. r a p&l"1o4 ot 1'U:a.e 

bou.e.. !he btUN wa• QO<J.~ecl, 4Laso1Yed lu methanol al'Jd 

tbe apettt catal.J' t rem:O.V<Gd w f1lt~tJ.on1t 'l'he. product 

Ol'78tal.l1a4 when the Bl9tbal'lo1 · ~olu.ttou wae cooled • 71•14• 

lug 9.0 th (SU) of Wh1te liPSsta1f.l·. naeltl.ng at ~39.,.140° 

(J'eported. 1'3•135°) (28* P•9·l~.)-

4~•~2eJ•cU.tflt\t!!ll_-l ,.l,f...a1&«rozhenauthr•• 

A eolutS.ou of 7.07 g. (0.0;32 moles) ot 4-oso•3 13..­

d111etb71-•1,2•3 ,•4-t.e~ophet~attthreue 1n 200 oc. ot 

cubon t.e•raobl.orta.• wae 'bl'ellted w1tb e..o g.. co·.045 •:tel 
ot N•b»caoe\tQelulm14e al:14 1.04 s • ot drJ· beuo)"l perox1cte,. 

!he mt.xture was bel.d lm&le.P reflux toP 2lr ho\U"s, tb S.n.Dt!'l• 

ub1 1Di1de l'emoved b7 tl1traUon. alld the bromide d1st111ed 

1n vacuoc~ 'b•P· 1.40° c (o.z.so-o.aoo mm.). The o~e 

http:eolutS.ou
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aaterlal reac1117 oeystallized a-ad elted at U.S-US0 c. 
The ~1eld was ?.45 g. or ?~. The product gave a good 

teat tor broal1u (sodium tu.e1an.) but was uot further 

1n• etigated. 

'l'he crude brOIIllde waa dlaaolved 1n 22 oo. or V ­

coll141ue • and heated to 13$-1400 1u au oll bath tor halt 

au hour. The collldlt~.e eydroWoai1de was :re oved trom the 

reaotlou llllXtlll"$ b7 f1ltrat1on ana . the t11tre.te was 

extrected Wlth 5~ sodium htdrox1de 1 water, 5~ bydrooblor1o 

ac1d 1 again with water aM. theu dried over anhydrous 

magneat.um sulf'ate. The dleuone was isolated by d.1st1lla• 

t1ou lmder ~uoed preaeUl'e, ;v1eld1ng 5.39 g. (9~) light 

yellow o11 bo111tl& at 1270 (O.l.$ mm.) and bav1ng u24o 

1.6462. 

The d1enone ·took up 10~ ot the theoret1oal amount 

ot hldrogen when treated w1th bydrogen at a~oapher1c 

pressure over pa.1.1ad1zed carbon, '!'he d1euone waa purlt1e4 

by oht-Olliatogr&phJ 011 alumiua .us1Jl8 petroleum ether as 

eluant. 

Analt Qalc. tor a16a
14

o I C1 86,SO~J H, 6,30% 

Pou.ndt c, 84.o4% t H1 ,6,)8% 

c, S4.4~J H, 6.86~ 

http:magneat.um
http:t11tre.te


to ) ..6 g •. ot the 41enone was add d 200 CO.• et 

acet1c a~1de oonta1ll1118 ) co• o£ :ooucen.trated aulf'~ 

acid. The .Uture ••• •lrled until -the dleuone ba4 

COllplotoly dllttG1Ve4 • the naotlon vessel tluahd w11lb 

l'l1tJ'ocett1 and thelt a11CMed to •tam ln the d.a.:rk. The 

~ll6•toent · Dt~e t\U.'Y.te4 ftl'sb J'eU.w• t llen ~n. 

and tter one week a . dark "d oolor~ ,8~11g88lent waa 

allowect 'o proceta. toJJ two weeks attett Wb1oh t1tae tbe 

te1ut1o-n was poUJ'ecl onto a st1ne4 rnb\1.U18 ot eNCke4 1ce 

and water. A.fte~ h~17s1e • the aqueous phase waa 

extracted. wt.tb ebloMteJ~~B a."Qd. the oh101'otol"Dl lar• wa•bed. 

wtth wat•~ a\24 drlect OVD· a~otlft mae;ne•lum sultate. 

RetaGftl ot the· ehl.ovoton ri•lded a very v1aooua red o11. 

'l'he Me:•te wa.e 1aolate4 fl'attr the o1l. bJ c~._tograpl.O' 

on s1lio.1c aotd. ~e acetat ao obtatl1ed when ~JTStal• 

lilted ~rom ·1oobol melted at l'O•l32o. 

IeB, Hd1• at ?65t 8l6f. 9jJ, 1017• 107.3• 1165, 

1369• 1'so, 1lts1 •. 1620; 1758 oa·l 

u.v.. ~ . at 2oa. 226, !56·, :2,6, ,oa ·mJt 

Analt Calc. tor o1aH;.6o2 1 c, 8l.90~t H. 6~06% 

Po\Jnil·t C, 8l,,S2$J H• 6 .•)4~ 

http:s1lio.1c
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A yellow orystal11ue terial 18o1ated trom the 

o11 was 1dent1t1ed atJ the brollloltetone and elted at 93.5 

9~.0° when o~•ta111ze4 trom alcohol. 

x.a~ ·--~ at 153. 795t 844, 96.S. 1006, 1015, 

1090, 1144, 1174, 11~. 1221. 1274. 1:361, 1)74, 1428, 

14581 1514, 1591. 1630, 167.3, 2954 om•l 

u.v. max1.- at 230. 2ss. 266j aso. 344 ~ 
Anala Cillo'. tor Cl6~)Br0 I 01 6J,80~J B, 4.32~ 

l'ountU c. ''·2~l H, 4.83% 

l•!tt!!::o&-3 14-a.t•t}Q:lteepa.nt~:a_e 

A SO mg. (18 X 10-.S mol ) tample ot 1-aoetoq... 

',4 d1metny1phenauthrene waa placed .1u a small flask a-nd 

2 oo. o.t a'baolUte al.cohol was added ro11owec1 by 1 ce. c4 

6-N aod.ium hydroxide aolutton. The ixtur took ou a 

green.. bue when the sodtum byd.roxlde was added:. N1trogen 

wa• bubbled through the mixture continuously while the 

tlaek was 'W81"DDed 1u a •ter bath to 4s• br1etty until the 

sol14 acetat ha4 d1$solved. The peault1~ eolut1Qn was 

ooo1ed • dt1uted. with 3 co. ot cold 41at111ed. water a'Od 

brOught to a pH or 2 (about 1.5 ml. ot 5~ bybochlorlc 

acid). The gre a color 41•pp$al*ed and a white eo11d 

)4.1 mg. (?8%) preolpltated. It melted at 118•l.79o &. 

atte1* Nerysta111sat1on trom al~ohol. The analya1a •• 

unsat1staot01'7• 
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A .SO mg. (18 X lO•S mole) •mple ot' 1-..cetox,.. 

, ,.,4-41met,hylphell&nthreue was added to 0-6 •1• ot glaolal 

acetic ao1d.. A eo1ut1ou ot 60 nag. (6 X 10·-4 aole) ot 

chr0111o aalqdride 1u glao1al acetlo acld was added am 

the solution beatecl ou a eteaa bath to 70° tor a balt 

hour atter which time 1t was cooled, 411uted wtth water 

aud the resulting quinoneaoetate isolated b7 extraction 

with ether, '!'he ether wae removed by e•pore.tlon al'Jd a 

concentrated solution ot sodium b1eulf1te was added to 

the residue followed bf heating on a steam bath tor one 

hour. The product was 1so1ate4 by au ether extraction 

and af'ter removal ot the ether, w:elghed 6.4 mg. (13~). 
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The destped subat~te to~ th1s atUdy, 4-oxo~l,)• 

41atet~l-' ,4....c11h1cb'opbenaatbreue • wee qntheahed by an 

lmprOYed procedure al¥\ its .-eal:'l'augement stUdied·. several 

attempts Wider stantl.&M o01l4lt1ons l.ed to fa1lu:&"8 and onl,­

1n the pMse11be ot exoeee. •ultur1o acid. J.u acetic a~lde 

was rea:rra"Qgell ut obsened. The lo12gest time prertousl.Y 

x-eported for the :rear~ligeaaeut ot a d1euoue is five 4aJe 

(22 • P•5177) wh1le tb1s 41euoue requu-ed t.o weeks. 

Two products were isolated b7 cbro-.tographJt (1) 

a yellow oeyata1l1ue •terS.l baY1JJg a ketone car'bcm¥1 

:trequencr at 1~8) oa•l, m.p. 93-94°• (2) a white OJ7ata1• 

11ne solid ba'f'1lig au acetate O&'rbol2J'l trequeuay •t 17$9 

om-1• ••P• 1,0•132°. 

The acetate waa tetttat1Tell' 14ettt1t1ed b7 exaraA.'Qa• 

t1011 of the 1ntrared $peotl:'a. at -..rlous 411ut1ou of both 

the correepol141na phet~allthrol and hyc'btoxypheantbrtlqu1noue. 

Th1s data 1n41oated the ~OXJl poup to be 1n the 1.• 

poe1t1on on the phenanthrene nuoleua. 

J'r theae reeu1te1 two o·o'rl01Ua1orur oan be ttra1nu 

(l) 4-oxo•)1 3-41aaeth11-),4-d1h7dropbe-.uthHne ~nges 

oul7 under cUeatlc oo't¥\1tlons sugges-ting tbat the 



,, 
v~emen.t 1s subject to •ter1o bl~no•• (a) the 

rea.rrauge•ettt pz;toduct la l...a.cetoq-3.4-4tmetb71­

phenantia-ette lndioatltl8 a pretereuoe 11:1 thle ••• to'l:' the 

aeebanlem. lav.olv1ng 111p&tiou ot the oXfgen tunctlou. 

''l'h.\\8 4esplte tbe tJteJ"lo tacto,_.s ad the greatv double 

bOllA character, the l'ttaottou e.tl.ll aoea not t•~olv• the 

o-qultto14 1l'ltermt41at,. 
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