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Abstract - lhe reaction of 2,2'-spirobichrm derivatives with either hy- - 
drabranic acid in the acetic acid solution or alunLm chloride in the chlaro- 

benzene solution yielded 1,l'-spirobiindan-4,4'4iol analogues. lhe reaction 

is peculiar as carpared with the reaction of alkyl aryl ethers with the s a w  

reagents in the s m  rredia. 

Introduction. For all the prevalence of the them1 and the acid-catalyzed Claisen rearrangerent 1 

in the synthetic accanplishnts, the conversion of alkyl aryl ethers into their respective alkyl- 

phenols rains to raise mchanistic studies in argunents? D x  evidences were adduced either in 

3 favor of or against the alternative mechanisms of intemlecular or intr-lecular4 rearrangerent. 

In most of the reactions substantiating the effective rearrangerrent to yield o- and palkyl- - 
5 phenols, the alkyl aryl ethers were treated with Lewis acid in the absence of any solvents. In the 

presence of chlorobenzene as solvent, the reactions of alkyl aryl ethers with aluninur chloride iw 

variably yielded alkylchlorobenzene derivatives6 instead of alkylated phenols indicating the fact 

that the alkyl carbenim ions, f o d  by the attack of the Lewis acid on the ethers, react with the 

solvent rather than the armtic nuclei of the phenol mieties of the ethers. 

It is also well ! c a m  that the reaction of alkyl aryl ethers with hydrobrdc acid in the acetic 

acid solutions yields alkyl brddes and phenols. 

A peculiar illustration is the rearrangerent of 2,2'-spirobichrmn derivatives (I) into 1,l '- 

spimbiindan-4,4'-diol analogues (11) which was effected either by heating the fo-rs with hyd- 

7 brdc acid in the acetic acid solution or by the reaction of the fomrs with anhydrous altminun 

chloride in the chlombenzene solution? as prelimiMrily reported. 

lhe rearrangent reactions. Ihe rearrangmnt of I having electron4omting substitents into I1 

was effected with &rate yields by the reaction with hydrobrmic acid-acetic acid at 95'~, while 

6,6'4chlo-2,2'-spirabichrmn (Ib) having substitents specified by their electron-attracting 
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dipoles, on reaction with hydrobranic acid - acet ic  acid a t  9 5 ' ~  for  60 h, kes  recovered unscathed 

h p l i c a t i n g  the e lec tmphi l ic  MtUE of the rearrang-nt reaction. lhe resu l t s  are s m r i z e d  i n  

F i y r e  I and Table I. 

Figure I. ?he reaction of 2 , 2 ' - s p i r o b i c h m  derivatives with hydrobranic acid - acet ic  acid 

I e  I I e  

a :  X = Y = H ;  b : X = C l , Y = H ;  c : X = K e , Y = H ;  d : X = Y = K e ;  e : X = O H , Y = H ;  

f :  X = C M e , Y = H ;  g : X = O H , M l e , Y = H  

Table I. S-r/ of the reaction of 2,2'-spirobichrmn derivatives i n  the acet ic  acid solution. 

Reactant &agent T q .  'C Time h Products ( % I  

95 60 
no appreciable prcdmts 

ref lux 16 

95 60 I I c  (10.81, I I Ic  l6.0),  Ic (58.1) 

ref lux 16 I I c  (15.31, I I I c  (3.01 

95 52 I Id  (62.21 

95 3 I I e  (80.01 

GO 4 I f  (28.81, Ig (25.61, Ie (11.31, IIe (3.51 

80 40 Ie (9.91, I Ie  (40.81 

If HBr 95 14 Ie (2.81, I I e  (64.71 

a .  12 M1 CH3Cmi and 2 rill HBr per 100 mg reactant. b. 4 M I  CH3COOH, 2-3 ml Her and 0.2-0.3 ml HI 

per 100 mg reactant. 

On the inswction of Table I ,  it i s  pointed out that  the reaction of 2,2 ' -spirobichrmw6,6 ' -  

d i d  direthy1 ether  ( I f  with hydrobranic acid - acet ic  acid a t  GO'C resulted i n  s t e w i s e  elimina- 
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tion of two irethyl groups f m  the mthoxyl groups to yield successively the -methyl ether (Ig) 

and the did (Iel rather than the migration of irethyl groups onto the a r m t i c  nuclei. I t  is,there- 

fare, inferred that the fissions of t m  mthyl gmups preceded the rearrangement reaction which pro- 

ceeded very slowly a t  8 0 ' ~  a d  in substantial rate a t  95'~. 

Jacquesy e t  r ep r t ed  that the rearrang-t of pa lkyl  phenetole derivatives i n  superacid 

(HF-SbF5)  dim yielded exclusively balkyl-3ethylphenol derivatives and proved the intemlecular 

mechanism by cross-alkylation - r i m s .  'hey also pmved that the reaction went forward v i a  di- 

rect attack of the carbenim ion toward carbon e to the oxygen &tion rather than the 2,psub- 

stitution followed by migration to the e ps i t ion .  And i n  the related expzrimnts mde by the 

s m  authors, branination of palkylphenol a d  palkylanisol derivatives in the s a m  medim yielded 

9,#3 wbranoph-1 derivatives. - 

In contrast to this  conclusion, the reaction which we are dealing with pmceeds intrmlecularly 

because the migrating groups are tied up t o  the phenyl rings i n  which they are bxd t o  anchor. L h  

the basis of such foregoing results, it i s  reasonable to consider that the increase of plus charge 

a t  G 2  ( G 2 ' 1 ,  i .e .  the use of stronger kwis  acid as well as the increase of the electron density 

of the a r m t i c  rings particularly a t  G 5  and G 5 ' ,  i .e .  electmn releasing substituents a t  C-6 and 

G 6 ' ,  facil i tate the rearrangerrent reaction. 'I& effects of electmn releasing substi tents were 

already confinred. 'herefore, another choice to be examined may be the use of strong Lewis acid such 

as anhydraus a l m i m  chloride. 

'he rearrangent  of I was effected by a lumim chloride i n  chlombenzene solution as s m r i r e d  

in Figure I1 and Table 11. 

2,2 '-Spimbichrm ( Ia )  and Ib which could not effectively be rearranged by the hydrobranic acid 

- acetic acid irethad, yielded 1,l'-spirobiindan-4,4'4iol ( I I a )  and 7,7'4ichlorwl,l'-spimbi- 

i&4,4'4iol  ( I Ib)  in 35.5 and 38.5 %yield ,  respectively. IIa crystallized f r m  benzene-heptane 

(1 : 11 as a ( 2  : 1) clathrate c& with benzene having rrp 105'~, which wes debenzenized a t  110'~ 

lnder vacinm (25 mn Hg) to yield crystals having mp 129-30°C. 1-[2-(2-~droxyphe"yl)ethyll-4-indan- 

01 ( I V )  was also isolated as a clathrate c a n p o d  with heptane having rrp 108'C h i c h  on deheptaniz- 

ation a t  110'~ d e r  vac- yielded crystals having mp 138'~. 

Although higher tempratme assured the energy to pass over the transition state, carpeting &- 

#3. Jacquesy e t  a l .  seem to suggest irrplicitly the =directing influence of p m t m t e d  oxygen 

functions although it also s e a  likely that pheml oxygen a t m  as well as that of i t s  methyl 

2 ether, even when p m t m t e d  a t  i t s  oxygen &tion, s t i l l  retains i n  its P orbital of sp hy- 

bridized oxygen a t m  a pair of mshared electmns available to the m s m r i c  displac-nt to- 

ward the benzene nucleus to effect a weak ? , e r e c t i n g  influence. Orbital overlap betwen o ~ -  

gen and benzene ring of the alkyl (except E - h t y l )  aryl ethers was obsewed. 10 



Figure 11. 'he reaction of 2,2'-spimbichmn derivatives with alminm chloride 

h : X = Y = N O  2 IId vl 

Table 11. Surrrary of the reaction of 2,2'-spirobichrarran derivatives in chlorobenzene solution. 

Reactant AlC13/I Temp. Tim h Products (%) 

Ia 2.5 1 W  4 IIIa (25.51, IV (3.41 

Ia 2.3 140 1 IIa (35.51, IIIa (23.81, IV (5.7) 

Ib 2.5 1 W  3 IIb (38.51, IIIb (12.2) 

Ib 2.6 135 1 IIb (22.11, IIIb (38.1) 

Ic 2.5 1 W  2.6 IIc (65.8) 

Id 3 2ob 1.5 IId (67.81, VI (10.1) 

lhC 2.5 135 2 no appreciable products 

a: Bath tenperahxe. b: On the addition of almirusn chloride the temperature of the reaction 

mixture rose to 50%. c: 6,6' ,8,8'-Tetranitr~2,2'-spimbichrmn. 13 

hydrogenation reactions1' leading to 3,4-dihy&~Z,Z'-spirobi L2H-chrmneI IIIIal and 6,6'-dichlo- 

m3,bdihy&*2,2'-spiro[2H-chrarpnel (IIIb1 restricted the yields of IIa and IIb in a 1-r lip 

it. However, rmch improverent of the yield was realized of the rearrangement of Ic a d  Id exempli- 

fying the reaction accelerating effect af the Lewis acid. 

Canparing the aptitules toward reamangement due to both reagents, the order of reactivity of the 

substituted 2,2'-spirobichr- derivatives to form 1,l'-spimbiindan-4,4'-diol analogues was, 

6,6'-dihydmxy > 6,6'4imthoxy > 6,6',8,8'-tetr-thy1 > 6,6'-di~thyl > 6,6'-dichloro > 

mubstituted > 6,6',8,8'-tetranitro 

It should be added that alminm chloride-catalyzed rearrangerent substantiated the syntheses of 

12 IIa and IIb which othewise wre difficult to synthesize. 
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*?thesis of 2,2'-spirobichrm derivatives. As represented by the synthesis of 6,6'-&thy1 de- 

rivative (Ic) in Figure 111, 2,2'-spirohichmmn derivatives were prepared by a modification of the 

nechcd which b r a  a d  Szeki reported on their study of di~alic~lideneacetone derivativesU The 

Figure 111. Synthesis of 6 , 6 ' 4 k t h y l - 2 , 2 ' - s p i m b i c h r o i ~ n  

i. kc@, a q  MCH, EtOH ii. Hz, Pd-C iii. H SO -EtW 2 4 

cyclizatim of XI11 into Ic was effected at 0% in the alcoholic sulfuric acid in 2 h. The extrem 

ease with d c h  the cycliation of 1,5-his(2-hydroxyphenyll-3-pentanone derivatives into 2,2'-spir* 

h i c h m  derivatives occurs, m y  be ascribed to the "tied up group" reactivity14 because the re- 

action of pcresol and 2,6xylenol with >pentanone in the same mdia at O'C and 60°C for 6 h re- 

sulted in carplete recovery of the starting mterials. It should also be suggested that the rear- 

rangement of I into 11, which mans s-substitution, m y  also be due to the "tied up group" state. 

We nay add amther instance of the varied reactivity due to "tied up group". As illustrated in Fig- 

ure IV, by azeatmpically distilling rater off frm the benzene solution of 3-(2-hydroxy-knethyl- 

phenyll-1,l-dimthylpropan-1-01 (XVII) using ~toluenesulfonic acid as catalyst, 78 %yield of 3,6 

dihy&*2,2,6-trimthyl-W1-benmpycan (XVIII )I5 was obtained. Rearrangent of XVIII was effected 

by the reaction with a l m i m  chloride in chlarobnvene solution to give 85.6 %yield of 2,3-di- 

h@*l,l,7-trimthyl-Winden-bol ( V ) ,  a p&ct of =-substitution. 

In a ccqxrative experimnt, the reaction of 2,4-xylenol a d  E-htanol (both of 2,Ssecc-species 

out Of XVII) yielded 2,4-d-thyl-6-=-htylpheml (XIXI instead of 2,44imethylphenyl g - b t y l  

ether. In the experimt, refluxing without distilling water off resulted in lou yield of XIX, the 

win product beirg isohtene which was trapped as d i b r m  and tribrmisohtane. lhe water as a 

hard base plays an important role in the dehydratim reactim. 



Figure IV. Reaction of tert-alcohols with phemls. 

XVII iiii XVIII V 

OH 

XIX 

i. &&I, 50 ii. pTsCH, C6H6 iii. A1C13, C6H5C1 iiii. 50 

Structure of 1,l'-spirobiidaw4,4'4iol derivatives. l he  stnrhne of I1 was verified on their 

mn spectra as well as by the synthesisi6 of racemic 7,7'&thyl-1,l'-spimbiirdan-4,4'&0l 

( 1 1 ~ )  and its resolution into optical ismrs as illustrated in Figme V. lhe cyclizatim of 1,s 

Figure V. Synthesis and optical resolution of 7,7'&~irrethyl-l,l'-spirobiirdan-4,4'&01 

Me Me 
OM@ 

Me Me 
i ii 

Me OMe Me0 Me 
XX 

)(XI OMe 

V 

S-Urethane - - 
IMV 40 - S-IIC 

R-IIc 

0 H V - 

R-Urethane - - 
IIc XXVI 

i. 5,  W-C, &U& ii. P0313, SnCL C H reflux iii. HBr, HI, AcOH reflux 4' 6 6 
iv. (+I-1-phenylethyl isocyanate, tol-, pyridille reflux v. KOK-EtMI 
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bis 12+wtbxyknethylphenyl )pentan-3- (XX) into h t h y l  ether of IIc (XXI) could not be ef- 

fected by the mthd by which Nakagawa et alt6a succeeded in cyclizing l,>bis(knethoqhenyl)- 

3-pentanone into l,l'-spirabiindan-5,5'-diol dirrethyl ether, but was achieved in 51.6 % yield by 

the addition of stamic chloride to the phosphorous oxychloride - benzene solution of XX followed 

by 30 h reflrdng. 

Optical resolution of IIc. lhe diastereoismric urethanes were prepared by refluxing the toluene 

solution of racanic IIc with (+)-1-phenylethyl isocyanate and a drop of pyridine for 46 h. On evap- 

oration of the solvent followed by treamnt a£ the residue with benzene, precipitated the urethane 

of ?(+I-IIc having mp 15Z0c, [a]: -26' (EtOH, c = 0.17) while urethane of &(-)-iser having mp 104 

15 
OC, [ o ] ~  -118' (EtOH, c = 0.45) was obtained £ram the benzme solution on chr-tography through 

15 silica gel colm. I((-1-IIc having q 194'~, [a]D -67' (EtOH, c = 0.55) and ?(+I-IIc having mp 194 

OC, [o];~ +6Z0 (EtCH, c = 0.561, obtained by hydralyses of the respective urethanes, were estimated 

tobe of ee 100 and 96 "La, respectively, on the high perfomnce liquid chrmtography through Chi- 

ralpak OT(+) c ~ l w n ~ ~  as illustrated in Figure VI and a calculation based on their [elD values. 

Figure VII. cd Spectra of 5- and 2-IIc Figure VI. High perfomnce liquid 
chrmtography of &- and 5-IIc 

I I I I I 

200 250 300 
wave length m 

Retention tire lndn) , Chiralpak 6- 4.5  x M solutions in dioxane, cell depth 2mn 
It) COlrn, .... S-IIc, - ~ I c  - S-11'2 - - - R-IIc, - 

- - 

a. We also got ee 97 %on the [-ID values -280' (dioxane, c = 0.13) and t263' (diome, c = 0.13). 



Assignrrnt of S- and R-structures was made on their cd spectra shown in F i e  VII as mil as on - - 

their high perfamnce liquid chrmtographic analyses on a colum m t i m d  above through which, it 

18 is !am, S-isarers are eluted in less retention tims than those of the R-ismrs. - - 

EXPERIMENTAL 

Pklting points are mcorrected. 41 nm spectra were recorded in CXl3 solution containing tetra- 
mthylsilane as a standard at ram temperature with a JEOL IWW-100 and FT - 6X-270 instmnts, 

ms and ir spectra were taken on J M L  .BSJ&300 and Hitachi E P I 6 2  instmts, cd and high perfor- 

mance liquid chrmtography were determined on JASCO 5-20 autmtic ord recorder and Trirotar I1 

instmnt, respectively. Analysis of sadiun was made on the £1- photmtric method. Colwns for 

silica gel chmtography were packed with Wakogel G2W. 

2,Z'-Spirobichr- ( I ~ I ? ~  A convenient mthd to prepare Ia is as follows : a solution of 30 g of 

disalicylideneacetane discdim salt heptahydrate (VIII in 200 ml of water was stirred with 2 g of 5 

% palladi-harcoal mder hydrogen atmosphere at 55'C for 12 h to absorb 3 1 of hydrogen. lhe solu- 

tion was filtered and the palladimharcaal was extracted twice with 50 ml of hot water and the 

canbined filtrate was poured into a mixture of 20 ml of conc. hydmchloric acid and 1W ml of ice- 

water, which was extracted twice with 250 ml of benzene-ether (1 :I).  The cdined organic layer was 

shaken with 5 % aq. scdiun carbte solution follmd by brine, dehydrated with anhydrous sodim 

sulfate and evaporated. lhe residue was dissolved in small m m t  of ethanol and the solution was 

poured into stirred ice-cold ethanol (90 ml) containing 12 ml of conc. sulfuric acid. In 30 min 

pinc+olored -1 ensued. Stirring was continued for another 2 h in the ice bath and the g w l  was 

filtered, recrystallized £ran ethanol to yield 9.1-9.5 g pure Ia having mp 107-108~~.  Ihe crystals 

obtained £ran the mother liquor of crystallization, canbined with the crystals obtained f m  the 

ethanol-sulfuric acid filtrate by treatment with water, was chmtagraphed through silica gel col- 

m to yield 0 .g1 .2  g I a  having np 1 0 8 ' ~  as the W e  elute. Total yield 57.1-61.7 %. 

Bis(2methoxybe"zylideneIacetone (VIII). To a reflming solution of 21 g of VII in 250 ml of ethanol 

containing 2.0 g of sodim hydroxide was gradually added 25 g of mthyl iodide and the reflming was 

continued far 5 h. 'he resultant solution was evaporated and the residue was treated with 50 ml of 

10 % aq. sodim hydroade solution and extracted twice with ether-benzme ( 1 : 1 ) .  Ihe combined organic 

layer was washed with water, dehydrated with sodim sulfate, evaporated and the residue was crystal- 

lized from ethanol to give 11.72 g (81.7 %) yellow crystals: rrp 124'~,  ir 1675 &' (C=O). 

l,>Bis(2inethoxyphenyl)-3-pentanone (1x1. A solution of 10g of VIII in 180 ml of acetone was hydro- 

genated over 0.5 g of palladi-harcoal at r m  tenperatme for 24 h to absorb 1.3 1 of hydrogen. 

Ihe solution was filtered and the charcoal was extracted twice with hot acetone. lhe cdined fil- 

trate was evaporated and the residue on chrmtography through silica gel c a l m  yielded white crys- 

tals as the benzene elute which on crystallization f m  m t h m l  weighed 6.52 g (64.4 % ) :  rrp 92'~. 
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h 1 .  F d :  C, 76.51; H, 7.50 %. Calcd. for  C19H2203: C, 76.48; H, 7.43 2; ir 1718 6' (C-O); m r  

s=2.72 (4H, t J=7Hz,CH2i ,  2.79 (4H, t J = 7 H z ,  CH2), 3.80(6H, s , ? ) ,  6 . 8 0 ( W , d J = 8 H z , A r i ,  

6.88 (W, d J=8Hz, Ari, 7.10 (4H, dd J=2 ard 8 Hz, Ar). 

A t t q t e d  cyclization of IX.  By refluzing a salution of 10.4 g of I X ,  44 ml of RXl3 and 8.7 g of 

SdL4 i n  114 ml of heptane or  benzene for  42 h, m substantial m t s  of 2,2'-spirobichrmn deriv- 

atives could be obtained. 

6,6'-Dichloro-2,2'-spirobichrm ( ~ b i ? ~ , ~ ~  To a mchanically s t i r red  mixture of 9.1 g (1/20 mle i  

of &chloro-3 ,6dihydrocau~r in~~ and 40 ml of heptane heated a t  1 ~ 1 1 0 ~ ~ ,  was added a mixhxe of 

12.5 g (1/20 m l e i  of b o r n  tribrcmide and 10 m l  of heptane. F m  the clear yellow solution which 

ensued an the addition, i n  30 min precipitate began t o  separate. lhe precipitate b e c m  a hard mss 

which prevented s t i r r ing ,  i n  &ich event the mss  a t  be crushed by a glass rod to assure effective 

s t i r r ing  to continue for 5 h. lhe reaction mixture, on coaling, was poured into 200 m l  of ice-water 

a d  the precipitate was f i l tered.  lhe aqueous organic f i l t r a t e  was extracted twice with 200 m l  of 

ether-benzene (1:l)  and the canbined extract was mshed with brine, dehydrated with scdim sulfate 

and evaporated. lhe precipitate, together with the residue of the extract, w a s  dissolved in benzene 

and chrmtographed through s i l i c a  gel t o  yield Ib as  the f i r s t  benzene elute. Recrystallization 

fran heptane or ethanol yielded 1.2 g (15.2 %i of h i t e  needles having mp 2 0 7 ~ ~ ?  Anal. Fomd: C,  

63.87; H, 4.54; C 1 ,  21.72 %; M', 306. Calcd. fa r  Cl7HI4O2CL2: C, 63.57; H,  4.39; C I ,  22.08 %; M: 306. 

Bis(2-hydroxy-~hlorobenzylideneiacetone discdim sa l t  heptahydrate ( X i .  To a solution of 29.18 g 

of > c h l a r o s a l i c y l a l d h  and 5.20 g of acetone i n  85 ml of ethanol was added 13.94 g of sodim hy- 

droxide i n  20 ml of water, h e n  yellow precipitate separated. 2he reaction mixture was shaken far 1 

h and l e f t  t o  stand overnight. lhe dadark red mass was f i l t e red  and recrystallized f r m  70 %ethanol 

t o  yield 23.56 g (50.1 %) red crystals with green m t a l l i c  luster. Anal. Found: C,  39.98; H, 5.01; 

Na, 10.23 %. Calcd. for  C17H1003C12Na2.~O: C, 40.40; H, 4.78; Na, 9.10 %. 

Ib via hydrogenation of X. A mixture of 4.99 g of X, 0.7 g of 5 % pa l l ad imharcoa l  and 120 ml of 

acetic acid was s t i r red  i n  the hydrogen amsphere  a t  3 0 ' ~  for  7 h. The solution was f i l t e red  and 

the charcml was extracted twice with 30 ml of acetic acid and the combined f i l t r a t e  m s  poured into 

500 m l  of ice-water, when yellow precipitate separated. The precipitate was f i l tered and recrystal- 

lized fmm ethanol. Yield 0.30 g (9.4 % I :  mp 2 0 5 2 0 6 ~ ~ .  

Hydroge~tion of X i n  the aqueous solution yielded a mixture of Ia and Ib i n  which the former pre- 

M n a t e d .  Separation of Ib f m  Ia was effected by chr-tography through s i l i c a  gel c o l m  of suf- 

f icient  length using benzene-heptane (1 : 1) as solvent. I b  came out f i r s t .  

Chlorination of Ia  was effected i n  the acetic acid solution t o  yield tetrachloro derivative. 

BisI2~tb~-khlorobenzylidene~acetone ( X I ) .  By the procedure described on the synthesis of IX, 

reaction of 24.4 g of X, 25.1 g of mthyl  iodide and 1.0 g of sodium hydroxide i n  the 250 ml of eth- 



m l i c  solution yielded 8.6 g (49.2 %) of XI having iip 15t-158'~. Anal. E d :  C, 62.63; H, 4.39 %. 

Calcd. for C19H1603C12: C, 62.82; H, 4.44 %. 

Bis(2-hydrow-krethylbenzylidene )acetom discdim salt heptahyckate (XI1 1. To a solution of 100 g 

of krethylsalicylaldehyde and 20.5 g of acetone in 340 ml of ethanol was added a solution of 55 g 

of scdim hydrodde in 85 ml of water, when yellow crystals of sodim salt of the aldehyde precip 

itated. Ihe mixtm was shaken for 30 min and left to stard avernight, when the whole mss salidi- 

fied. Ihe precipitate was filtered and recrystallized f m  70 %ethanol to yield 136.1 g (73.8 %) 

of red crystals with green metallic luster. h 1 .  E d :  C, 49.82; H, 6.31; Na, 10.17 %. Calcd. for 

C19~603Na2.7H20: C, 49.13; H, 6.51; Na, 9.90 %. 

l,>Bis(2-hydro~-krethylphenyl)-3-pentarne (XIII). A solution of 35.5 g of XI1 in 650 ml of water 

was treated with 3 g of palladi&noal and hydmgemted at 55% for 18 h. The resultant clear 

solution was filtered and the charcoal was extracted twice with hot water and filtered. Ihe combined 

filtrate was acidified with 30 ml of acetic acid, extracted three tims with 300 ml of ether-benzene 

(1 : 1). lhe combined extract was washed with 5 % aq. scdim cartanate solution followed by water, 

dehydrated with anhydrous s d i m  sulfate and evaporated d e r  reduced pressure to yield 22.3 g of an 

oil, which was dissolved in benzene and chrmtographed through a c o l m  packed with 500 ml of silica 

gel. Every 50 ml elute fraction was tested on thin-layer chmtography and fractions which revealed 

spots of the sam2 Rf values were cmbined and evaporated. 

Fraction 1. Benzene elute 0.16 g, which was crystallized frm heptane to give a mixture containing 

Ic: iip 121-126'~. Fraction 2. Bemne elute 0.48 g (2.2 %), which was recrystallized twice frm hep- 

tane to yield khite crystals having np 165'~. &M2thyl-2-13methyl~4.2.0lbicyclmt-7-yl)-2-chrm- 

d 5 ;  ir 1150 (=Mi), 1225 cK1 (phenyl ether); nm 6=0.89 (3H, d J=7 Hz, CH3), 1.00 (2% broad, 

cyclohtane CH2), 1.08 (3H, broad, 3 cyclobutane CHI, 1.45 (lH, averlapped, CHI, 1.55 l4H, d J=5 Hz, 

2CH2), 1.69 ( W ,  t J=3 Hz, CH2), 1.92 ( 2 H ,  dd J=6 and 2 Hz, 9 1 ,  2.12 IlH, s, O H ) ,  2.24 (3H, s ,  M3), 

2.69 IZH, dd J=6 and 2 Hz, CH2), 6.69 (lH, d J=8 Hz, Ar),  6.89 (lH, s, Ar), 6.92 (1H, d J=8 Hz, Ar).  

Anal. F d :  C, 79.53; H, 9.15 %; M: 286 [fragmmt ions: 286 IM -18): 211 (M - 18 - 571C4Hg)): 171 

IM - 18 - 97(c7q3)): 165 (M - 121(C8HgO)): 158 (M - 18 - ll0(~$1~~)): 147 121 (c8Hg0): 

108 (c~H~o): 91 (c~H~)']. Calcd. for Cl9HZ6O2: C, 79.67; H, 9.15 %; M: 286. Fraction 3, Benzene elute 

#5. A possible mechanism of the formation of this by-product m y  be the rehrtion of one of the phe- 

nol rings of XI11 into cycloh-none systemz2 follomd by the successive reactions of aldol cy- 

clization, dehydration and hydrogemtion as fodated below. 

i. + 2H2 ii. + H.0 iii. Aldol cyclization iv. - H 0 v. + Hz vi. + H~ 2 
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0.42 g (1.9 %yield), which on recrystallization from heptane yielded Ic having op 131-132°C. 

Fraction 4. Ether-benzene (1 : 10) elute 10.54 g (46.3 % yield) d c h  on evaporation was isolated as 

oil and crystallized gradully on standing. Recrystallization £ran benzene-heptane (1:5) yieled 

*ite crystal: mp 87'~. l,SBis(2-hydraq-kiethylphe"yl)-3-pentanane (XIII); ir 1690 &' (C=O); 
m 6=2.10 ( W ,  s, OH), 2.22 (6H, s ,  2CH3), 2.76 (Ell, s,  4CH2), 6.70 (W, d J=8 Hz, Ar), 6.82 (2H, 

s, Ar), 6.90 ( W ,  d J=8 Hz, Ar). Anal. F a d :  C, 76.70; H, 7.42 %. Calcd. for C19H2203: C, 76.48; 

H, 7.43 %. Fraction 5. Ether-benzene (1 : 10) elute 0.69 g, d c h  was recrystallized £ran benzene- 

heptane (1 : 3) to yield crystals having mp 103'~. 2-Hydroq-hthylbenzyl alcohol. h 1 .  F d :  C, 

69.68; H, 7.21 %. Fraction 6. Ether-benzene(2 : 5)elute 0.75 g (3.3 %yield), which m s  recrystal- 

lized f m  benzene-heptane (1 : 1) to yield d t e  crystals having mp 116-118°~. l.SBis(2-hydmq-C 

rrethylpheny1)-Spentanol; nm 6=1.74 (4H, t J=6 Hz broad, 2%), 2.20 (6H, s,  2CH31, 2.67 ( W ,  t 

J=6 Hz, CH2), 2.73 (%I, t J=6 Hz, CH2), 3.56 (1H, broad, CHI, 4.50 (IH, s broad, OH), 6.72 ( W ,  d 

J=8 Hz, Ar), 6.84 (2H, d J=8 Hz, A r ) ,  6.84 ( W ,  s,  Ar), 7.74 (W, s broad, OH). Anal. Found: C; 

75.86; H, 8.02 %. Calcd. for C19H2403: C. 75.97; H, 8.05 %. 

6,6'-Dim2thy1-2,2'-spirobichr-n Ic from XIII. According to the procebe described in the prepara- 

tion of la, 10 g of XI11 on treamt with 60 m l  of ethanol containing 8 ml of conc. sulfuric acid 

yielded 5.93 g (63.1 % I of Ic having nq, 131-132'~; nm 6=1.90 (2H, td J=12, 12 and 6 Hz, CH21, 

2.25 (Ell, 5 ,  2CH3, CH2 overlapped), 2.68 ( W ,  ddd J=12, 6 and 2 Hz, CH2), 3.22 (2H, ddd J=14, 12 and 

6 Hz, CH2), 6.68 (2H, d J=8 Hz, Ar), 6.92 (W, d J=8 Hz, Ar), 6.95 ( W ,  s, Ar). Anal. F d :  C, 

81.45; H, 7.18 %; M: 280. Calcd. for C19H2002: C, 81.39; H, 7.19 %; M: 280. 

Bis(2-hydmq-3,~im?thylbe"zylidene)a~et0~ disodiun salt heptahydrate (XIV). Prepared by the prw 

cedure described for the synthesis of XII. &hen 100 ml of ethanolic solution of 30 g of 3,5-dimethyl- 

23 salicylaldehyde and 6 g of acetone was shaken with 8 g of sodim hydroxide in 15 ml of water for 

1 h, the reaction prrreeded slowly. After t m  days' starding, the color of the precipitate, which 

was bright-orange h e n  filtered, on -sure to the air rapidly turned into dark-red. Ik the basis 

of this observation and analysis the f a d a  containing one mle of oxygen was assiped. Recrystal- 

lization f m  90 % ethanol yielded 32 g (61.1 % yield) of red crystals, ir 1590 cml (conjugated 

=I. Anal. Fad: C, 48.03; H, 6.24; N3, 10.11 %. Calcd. for C21H2003N%2.M20.02: C, 48.09;H, 6.53; 

k, 8.77 %. 

1,5-Bis(2-hydroq-3,Fdirrethylpheql)-%pentame (XVI. Redxtim of 16 g of XIV was effected with 

1.7 g of 5 % palladiunsharcaal in 200 rnl of water under hydrogen amsphere at 50'~ to the absorp 

tion of 600 ml of hydrogen. lhe praduct m s  chrmtagraphed through a colm packed with 300 ml of 

silica gel. As a benzene elute a srrall m t  of Id was detected but not isolated pure. XV was iso- 

lated as ether-benzene (1 : 10) elute and recrystallized £ran benzene-heptane (1 : 3) to yield 1.63 

g (16.6 %yield) d t e  crystals having op 140'~; ir 1703 6' (C=Ol; m 6=2.20 (lW, s,  4CH3), 2.82 



18H, s, 4CH2), 6.52 IW, s , M 1 ) ,  6.79 (PI, s,Ar),6.90(3H, s,Ar).Anal.Fd: C, 77.52;H, 8.08 

%. Calcd. for C21H2603: C, 77.27; H, 8.03 %. 

C a n p o d  XV was also obtained by the reaction of 6,aimthy1-3,6dihydmo-rin with boron tri- 

branide in the heptane solution at l'KK1lOo~ with 15.6 % yield. Crystals of XV obtained by this 

method are golden-yellow colored?,19 

Catalytic reduction of XIV in the acetic acid solution. Reduction of 10 g of XIV with 1.5 g of pal- 

ladimxharcoal in 300 ml of acetic acid d e r  hydrogen, on the absorption of 750 ml of hydrogen, 

yielded 0.32 g 13.4 %yield) Id as a bmzene elute and 1.57 g (15.6 %yield) of l,>bisl2-hydroxi-3,- 

>dim2thylphenyl)-3-pt-l (XVI) as ether-benzene I1 : 5) elute. lhe latter on crystallization 

from benzene-heptane I1 : 3) mlted at 1 5 3 ~ ~ 2 ~  Anal. F d :  C, 76.66; H, 8.63 %. Calcd, for C21H2g 

03: C, 76.79; H, 8.53 %. St-tme of XVI was confinned by its cme~sion into triacetate. By re- 

fluxing 0.74 g of XVI with 0.45 g of b e d  scdim acetate and 50 ml of acetic anhydride for 2.5 h, 

0.68 g (66.7 % yield) of triacetate was obtained. lhe crystals on clystallization f m  heptane melted 

at 71'~; ir 1735 and 1725 K' (ester C3); rmr 6-1.77 IW, t J=6 Hz, CH2), 1.83 IW, t J=6 Hz, CH2), 

2.W (3H, s, CCCH ), 2.03 (6H, 5 ,  2CH3), 2.23 16H, s, 2CH31, 2.40 (4H, t J=6 Hz, CH2), 4.86 (PI, m, 3 
CCH), 6.80 (4H, s, A r ) .  Anal. Fomd: C, 71.18; H, 7.65 %. Calcd. for C27H3406: C, 71.40; H, 7.54 %. 

6,6',8,8'-Tetramethyl-2,2'-spirobichr- (Id1 £ran XV. By the procedure described in the prepara- 

tion of Ia, treatrent of 1 g of XV with 30 ml of ethanol containing 4 ml of conc. sulfuric acid 

yielded 0.78 g (82.1 %yield) of Id having mp 166'~; m r  6=1.91 (5H, s ,  CH3, CH2 overlapped), 2.04 

(3H, s ,  CH3), 2.20 (8H, s ,  2 9 ,  CH2 overlapped), 2.64 (ZH, ddd J=2, 7 and 16 Hz, 9 1 ,  6.67 14H, s ,  

Ar) . Anal. F o d :  C, 81.53; H, 7.84 %. Calcd. for C21H2402: C, 81.78; H, 7.84 %. 

B i s l 2 - h y d m ~ - h e t h o ~ ~ 1 i d e n e I a c e t m e  discdim salt hedydrate (XXII). According to the prc- 

cedure described for the synthesis of XII, 75 m l  of ethanolic solution of 22.2 g of hthoxysali- 

cylaldehydeZ5 and 4.3 g of acetone by treamnt with 11.7 g of sdim hydroxide in 20 ml af water 

yielded, on recrystallization f m  ethaml-water (4 : I), 21.5 g (61.6 %yield) red crystals of X I ;  

ir 1580 cml lC=O). Anal. F d :  C, 68.10; H, 5.76; Na,9.71 %. Calcd. for Cl9Hl6O5N2.6H20: C, 47.70; 

H, 5.90; W ,  9.61 %. 

1,l'-Spirobichr--6,6'4iol dirrethyl ether (If). By the procedure described in the synthesis of Ia, 

catalytic reduction of 200 ml of aqueous solution of 20 g of XXII with 2 g of 5 % palladi-harcoal 

at 5 ~ 5 5 ' ~  in the hydrogen amsphere yielded 9 g of a resinous m t  which was dissolved in 30 ml 

of ethaml and treated with 45 ml of ethanol containing 6 ml of conc. sulfuric acid at O'C for 1 h. 

Chrmtography of the product thragh a c o l m  packed with silica gel yielded 6.63 g 150.8 %yield) of 

white crystals of If having mp 142°C as a b e n m  elute; ~w 6=1.96 ( W ,  td Jd2.9, 12.9 and 6 Hz, 

9 1 ,  2.19 (2H, ddd J=12.9, 6 and 2 Hz, 9 1 ,  2.70 IW, ddd J=16, 6 and 2 Hz, CH.1, 3.25 ( W ,  ddd 

J=16, 12.9and6Hz,%), 3.74(6H, s,CCH3), 6.64 ( 6 H , d J = 1 . 5 H z , A r ) . A n a l . F d : C ,  72.97;H, 
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6.45 %. Calcd. for C19H2004: C, 73.06; H, 6.45 %. 

Rearrangerent of 2,2'-spimbichmrran IIa) into l,l'-~pirobiindan-4,4~-diol (Ila). To a stirred re- 

fllodng (bath tenperatme 140'~) solution of 2.52 g of Ia in 40 ml of chlombenzme was added 3.0 g 

of pdered anhydrous alminm chloride in a lot. Vigorous reaction occurred and in 10 min precipi- 

tates separated. Stirring was continued far 1 h and the reaction mixture was ccaled, treated with 

50 ml of ice-water and extracted twice with ether-benzene (1 : 1). ?he carbined organic layer was 

washed with brine, dehydrated with s d i m  sulfate, evaporated and the residue was chrmtographed 

through a c o l m  packed with 150 m l  of silica gel. lhe first b e m e  elute containing 3,Gdihydro- 

2,2'-spiro[W-chranene] (IIIa) was evaporated and the residue was rechr-tographed through silica 

gel c o l m  using benzene-heptane (1 : 1) as solvent to isolate 0.71 g of crude IIIa which on re- 

crystallization £ram heptane yielded 0.60 g of white crystals having mp 90%; m 6d.95 (H, dd 

J=6 and 14 Hz, 9 1 ,  2.24 (PI, ddd J=2, 6 and 14 Hz, CH2), 2.30 (lH, ddd J=2, 6 and 14 Hz, CH2), 

3.18 (IH, dd J=6 and 14 Hz, CH21, 5.67 (lH, d J=9 Hz, =CHI,  6.60 (lH, d J=9 Hz, 4 x 1 ,  6.80 (8H, m, 

Ar). Anal. Found: C, 81.39; H, 5.78 %. Calcd. for C17H1402: C, 81.58; H, 5.64 %. 

Frcm the s e c d  benzene elute fractions, on evaporation a d  crystallization of the residue £ran 

benzme-hepta~ 11 : 11, 1.03 g (35.5 %yield) of the clathrate canpound of l,lr-spirobiindan-4,4'- 

diol (IIa) with benzene having mp 105'~ was obtained; rsm a=2.26 (4H, t J=7 Hz, CH2), 2.96 (4H, t 

J=7 Hz, %I, 4.78 (2H, s, OH), 6.58 12H, d J=8 Hz, Ar), 6.70 (W, d J=8 Hz, Ar), 7.12 IW, t J=8 

Hz, Ar), 7.40 (3H, s, benzene, this absorption peak was not observed in the spectm of debenzenized 

sample). Anal. F m d :  C, 82.27; H, 6.59 %. Calcd. for C H 0 ,1/2C6H6: C, 82.44; H, 6.57 %. Deben- 17 16 3 

zenization was effected by heating at 110'~ d r  25 n Hg for 3 h to yield rjnite crystals havix mp 

129-130~~. Anal. Fomd: C, 80.82; H, 6.36 %. Calcd. for C17H1602: C, 80.92; H, 6.36 %. 

Fran the rapidly caning fractions of the ether-benzene (1 : 10) elute, on evaporation and crystal- 

lization of the residue f m  benzene-heptane I1 : 31, was obtained ~ t e  needles of 1-[2-(2-hydro~- 

phenyllethyll-birdan01 (IV) having mp 108'C. lhe c-d, however, was proved on the nm spectnm 

to contain heptane hich was raved by heating at 110'~ rder 25 m Hg for 3 h. lhe yield of de- 

heptanized IV having mp 138'~ was 0.13 g 15.7 %yield). nm 6=1.80 (lH, t J=4 Hz, 91, 1.94 (lH, t 

J=8 Hz, C3). 2.34 ( W ,  rn, 9 ) .  2.76 ( W ,  t J=8 Hz, CH2), 2.84 (2H, t J=8 Hz, CH2), 3.20 (H, m, 

CH), 4.70 (lH, s, OH), 4.78 IlH, s ,  OH), 6.90 (7H, rn, Ar). Anal. Found: C, 79.72; H, 7.03 %; M: 254. 

Calcd. for Cl,H1802: C, 80.28; H, 7.13 %; M: 254. 

By the reaction of 2.50 g of Ia with 3.0 g of anhydrou alminun chloride in 50 ml of chlamben- 

zene solution at 100'~ for 4 h, 0.63 g (25.5 % yield) of IIIa and O.W g (3.4 % yield) of IV were 

obtained. 

Rearrangerent of 6,6'4chlarw2,2'-spimbi (Ib) into 7,7'-dichlorw1,1'-spirobiindaw4,4'- 

diol (IIb). By the reaction of 538 mg of Ib with 619 q of anhydrous a l m i m  chloride in 40 ml of 



chlorobenzene solution at 135'~ for 1 h and 1.143 g of Ib with 1.21 g of anhydrous aluninm chloride 

in 20 ml of chlorobenzene solution at 100'~ for 3 h, 129 ng (22.1 % yield) of IIb, 221 mg (38.1 % 

yield) of IIIb and 440 (38.5 %yield) of IIb, 138 ng (12.2 %yield) of IIIb, respectively, =re 

obtained. IIIb was obtained as the benzene elute on the silica gel c o l m  chra~tography of the re- 

action product and was puified by rechrmtography through a c o l m  packed with silica gel using 

benzene-heptane (1 : 1) as solvent f a l l d  by recrystallization £ran heptane. IIb was obtained as 

the ether-benzene (1 : 10) elute and was recrystallized f m  benzene-heptane ( 1 :  3). IIb: white 

crystals having mp 193'~; nm s=2.29 (4H, t J=7 Hz, q), 2.93 ( W ,  t J=7 Hz, 9 1 ,  2.99 ( W ,  t J=7 

Hz,CH2), 6.75 (W,dJ=8Hz,Ar), 7.03 (W,dJ=8Hz,Ar), 8.34 ( W ,  s,OH).Anal. F d : C ,  63.80; 

H, 4.40; C1, 21.46 %. Calcd. for Clj'4402C12: C, 63.57; H, 4.39; C1, 22.08 %. IIIb: white crystals 

having mp 177'~; mr 6=2.02 (lH, dd J=6 a d  14 Hz, CH2), 2.32 (lH, dd J=6 and 2 Hz, 9 1 ,  2.79 (lH, 

dd J=2 and 6 Hz, CH2), 3.25 (lH, dd J=6 and 14 Hz, CH2), 5.77 (lH, d J=8 Hz, =CHI, 6.56 ( W ,  d J=8 

Hz, Ar), 6.72 (IH, d J=8 Hz, a), 7.04 ( W ,  s, Ar), 7.08 ( W ,  d J=8 Hz, Ar). Anal. E d :  C, 63.97; 

H, 3.92 %. Calcd. for C17H1202C12: C, 63.97; H, 3.79 %. 

Rearrangerent of 6,6'4-thyl-2,2'-spimbichr-n (Ic) into 7,7'-diirrthyl-l,lf-spimbiindaw4,4'- 

did (IIc). hhen 2.10 g of Ic was treated with 2.38 g of anhydrous allminun chloride in 30 ml of 

chlorobenzene solution at 100'~ for 2.6 h, on pouring the reaction mixture into ice water precipi- 

tated white amorphous product which was filtered and crystallized f m  benzene-heptane (1 : 1) to 

yield 1.22 g of IIc haviry mp 21g0c, granular crystals of slightly pinkish tint. The aqueous fil- 

trate was extracted twice with ether-benzene (1 : l), frm wbich via routine prmedure 0.16 g of IIc 

was obtained. lhe total yield amxnted to 65.8 %. mu S=2.18 ( W ,  t J=8 Hz, CH2), 2.28 (8H, s, 2 CH3, 

CH2 overlapped), 2.76 ( W ,  t J=8 Hz, CH2), 2.84 ( W ,  t J=8 Hz, CH2), 4.36 ( W ,  s,  O H ) ,  6.08 ( W ,  d 

J=8 Hz, Ar), 6.93 ( W ,  d J=8 Hz, Ar). Anal. F d :  C, 80.47; H, 7.19 %. Calcd. for ClgH2002:C,81.39; 

H, 7.19 %. 

Reamangemnt of 6,6' ,8,8'-tetram2thyl-2,2'-spimbictumn (Id) into 5,5' ,7,7'-tetramethyl-1,l'- 

spimbiindan-4,4'4ioL (IId). To a stirred solution of 0.366 g of Id in 30 ml of chlorobenzene at 

rmm t-rature (20°c), was added 0.48 g of anhydmus aluninun chloride in a lot, when vigorous 

exothermic reaction occurred and the terrperature of the reaction mixture tqmrarily mse to 50'~. 

After stirring at raan temperature for 1.5 h, the mixture was poured into ice water. Via a routine 

pracek, the reaction pmduct which was practically a mixture of t m  c q x u x j s ,  hss chmrato- 

graphed through a c o l m  packed with silica gel. From the benwne elute, 5',6,7',&tetrmthyl- 

spim[chrmn-2,1'-indan]-4'-01 (VI)  was isolated and recrystallized frm benzene-heptane (1 : 5) to 

o 26 give 0.037 g (10.1 %yield) of faintly yell-olored crystals having mp 106 C ; m r  S=1.92 (2H, m, 

CH2), 2.14 (3H, s, CH3), 2.25 (6H, s, 2 9 1 ,  2.29 (5H, s,  CH3, CH2 overlapped), 2.76 ( W ,  t J=8 Hz, 

CH2), 2,84 ( W ,  t J=8 Hz, CH2), 4.44 (lH, s, CHI, 6.85 (1H, s, Ar), 6.89 (2H, s, Ar). Anal. F d :  
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C, 80.92; H, 8.23 %. Calcd. f o r  C21H2402: C,  81.78; H, 7.84 %. 

b the l a s t  benzene e lu te  and ether-benzene (1 : 10) elute ,  I Id  w s  isolated and recrystal l iwd 

£ran benzene-heptane I 1  : 5) a s  0.247 g 167.5 % yield)  of white crystals  having op 185'~; mn 64.70 

(6H, s ,  2 9 1 ,  2.20 11M1, s ,  2CH3, 2CH2 overlap+), 2.96 (W, t J=3 Hz, C H 2 ) ,  3.M) (W, dd J=4and 

12 Hz, 91, 4.50 IW, s ,  O H ) ,  6.90 (W, s,  A r ) .  Anal. F d :  C, 81.20; H, 7.82 %. Calcd. f o r  CZr 

HZ4O2: C, 81.78; H, 7.84 %. 

Reaction of 2,2'-spirobichrmn IIa)  with h y d r o b r d c  acid - acet ic  acid. A solution of 1.01 g of 

Ia  i n  a mixttue of 120 ml of acet ic  acid and 20 d of hydrabromic acid was heated a t  9 5 ' ~  f o r  60 h. 

The mixture was treated with 30 ml of water and evaporated a t  6&70°c mder reduced pressure to  

yield 1.17 g of a r e s i d e  which sol idif ied on standing. lhe residue was t reated with water, f i l t e r -  

ed, dried, dissolved i n  benzene and ch-tographed through a c o l m  packed with s i l i c a  gel. As a 

benzene elute  894 rrg (88.5 %) of Ia  was recovered and 18 % (1.8 % y i e l d )  of I Ia  was obtained as an 

ether-benzene 11 : 10) elute .  

Reaction of 6,6'4chloro-2,2'-spirobichr- IIb) with hydrabrmic acid - acet ic  acid. Ihe reac- 

tion of 0.6 g of Ib  with a mixture of 12 ml of hydmbrmic acid and 72 ml of acet ic  acid a t  9 5 ' ~  

for  60 h as well as a reaction of 0.5 g of Ib  with 15 ml of hydrobmmic acid and 1.5 rn l  of hydro- 

icdic acid i n  20 ml of acet ic  acid a t  1 4 0 " ~  f o r  16 h, resulted i n  carplete recovery of the s tar t -  

ing m t e r i a l .  

k c t i o m  of 6,6'-diwthyl-2,2'-spimbichr-n (Ic) with hydrobmmic acid - acet ic  acid. A mixture 

of 520 of Ic ,  10 ml of hydrobranic acid and 60 ml of acet ic  acid was heated a t  95'C for 60 h. 

lhe  reaction mixture was poured in to  300 ml of water. lhe precipi tate ,  which was f i l t e red ,  weighed 

465 w. Ihe f i l t r a t e  was evaporated t o  yield 76 of a residue. The canbined product was dissolved 

i n  benzene and chr-tographed thraugh a c o l m  packed with s i l i c a  gel .  On rechrcmtography of the 

benzene e lu te ,  302 % 158.1 %) of I c  was recovered as a benzene-heptane (1 : 1) elu te  and follaving 

I c  31 % (6.0 % yield)  of 6,6'&thyl-3,1cdihydm2,2'-spim [ Z k h r e w l  ( I I Ic l  was eluted and 

m s  recrystallized f r m  hexane, q 8 7 ' ~ ;  rmx L2.06 (H, t d  J=6, 14 and 14 Hz, 2.36 (3H, s ,  

CH3), 2.38 13H, s, CH3), 2.66 (IH, ddd J=3, 6 and 14 Hz, 9, partly overlie CH3 s igna l ) ,  2.90 IIH, 

ddd J=3, 6 and 16 Hz, CH2), 3.42 IH, ddd J=6, 14 and 16 Hz, TI, 6.01 ( I H ,  d J=10 Hz, 4x1, 6.86 

IW, d J=8 Hz, Ar), 7.06 (H, d J=10 Hz, &I), 7.21 (W, s,  Ar), 7.22 (W, d J=8 Hz, Ar). Anal. 

F d :  C, 81.92; H, 6.60 %. Calcd. f o r  C19H1802: C, 81.98; H, 6.52 %. A s  the ether-benzene (1 : 10) 

elute, 56 mg 110.8 % yield)  of I I c  was obtained as crystals  having mp 217%. 

Reactim of I c  with hydmbramic acid - hydroicdic acid - acet ic  acid. A mixture of 0.7 g of Ic ,  21 

ml of hydrobranic acid, 2 ml of hydraiadic acid and 42 ml of acet ic  acid,  was refluxed a t  140°C for 

16 h. Tne reaction mixture, on cmling,  was poured in to  3W ml water. The precipi tate  was f i l tered,  

dried, and extracted A u s t i v e l y  with benzene-heptane (1 : 5) t o  yield 260 % of the extract.  



lhe aqueous filtrate was evaporated up to yield 47 rg of a residue which was canbined with 260 ng 

of the extract and ch-tographed to afford 107 rg (15.3 %yield) of IIc and 21 (3 % yield1 of 

Ilk. 

Reaction of 6,6',8,8'-tetranrthyl-2,2'-spirobichrmn (Id) with hydrobranic acid - acetic acid. A 

mixture of 640 ng of Id, 96 ml of acetic acid and 12 ml of hydrobranic acid, was heated at 9S°C for 

52 h. By a pracedure described in the reaction of Ic, 398 mg (62.2 % yield1 of IId having mp 183T 

was obtained. 

Reaction of 2,2'-spirobichra~n-6,6'-diol dimthyl ether (If) with hydmbmmic acid - acetic acid. 

A mixme of 965 rg of If, 12 ml of hydrobmnic acid and 70 rnl of acetic acid was heated at 8O0C 

for 4 h. 2he reaction mixture was treated with 20 ml of water, evaporated to dryness at 60-70°C 

under reduced pressme. The residue was dissolved in benzene and chrmtographed through a c o l m  

packed with silica gel. Fraction I. Fmm benzene elute, 278 ng (28.8 %1 of If was recovered. Frac- 

tion 11. Fran ether-benzene (1 : 10) elute was isolated 2,2'-spirobichr--6,6'-diol marethyl 

ether iIg1, which an recrystallization frm benzene-heptane (1 : 51, mlted at 15ZDc, 236 rg (25.6 

% yield); ram 6=1.93 (2H, td J=6, 13 and 13 Hz, 2.18 ( W ,  dd J=6 and 13 Hz, CH2), 2.68 (IH, 

td J=6.5, 6.5 and 20 Hz, CH2), 2.69 (IH, td J=6.5, 6.5 and 20 Hz, CH2), 3.22 ( W ,  ddd J=6.5, 13 and 

20 Hz, CH2), 3.74 13H, s,  CH3), 4.50 (IH, s, OH), 6.52 (IH, dd J=8.5 and 2.4 H z ,  A r ) ,  6.56 i2H, d 

J=8.5 Hz, Ar), 6.59 ilH, dd J=8.5 and 2.4 Hz, Ar), 6.64 iW, s ,  Ar). Anal. Found: C, 72.25; H, 6.10 

%. Calcd. for CI8Hl8O4: C, 72.46; H, 6.08 %. Fraction 111. R-an ether-benzene (1 : 5) elute was o b  

tained 100 ng (11.3 %yield) of 2,2'-spirobichrm~-6,6'4ol (~e):~ which on recrystallization £ran 

kmne mlted at 224'~; m 6=1.90 ( W ,  td J=6, 13 and 13 Hz, M21, 2.14 ( W ,  ddd J=2.4, 6 and 13 

Hz, CH21, 2.63 (2H, ddd J=2.4, 6 and 16 Hz, CH2), 3.13 (ZH, ddd J=6, 13 and 16 Hz, CH2), 6.48 ( W ,  d 

J=8.4 Hz, Arl, 6.53 ( W ,  dd J=2 and 8.4 Hz, Arl, 6.59 !W, d J=2 Hz, Ar),  7.80 (2H, s,  @I). Anal. 

F d :  C, 71.82; H, 5.59 %. Calcd. for Cl,HI6O4: C, 71.82; H, 5.67 %. Fraction IV. Frm ether-ben- 

m e  (2 : 3) elute wuas isolated 31 rg (3.5 %yield) of 1,l'-spimbiindan-4,4',7,7'-tetrol (IIe), 

which on recrystallization £ran benzene yielded colorless crystals having q 234%; nm I(CD3)2SOi 

6=2.08 i2H, t J=5 Hz, CH21, 2.20 ( W ,  t J=8 Hz, C%), 2,80 ( W ,  t J=8 Hz, CH21, 2.92 ( W ,  t J=5 Hz, 

6.36 i2H, d J=8 Hz, Ar) ,  6.44 ( W ,  d J=8 Hz, Ar), 7.94 12H, s, OH), 8.40 (2H, s,  OH broad); w 

EtOHm (log E ) :  201.5 (5.321, 277 ish 4.60), 291 14.32), 368 (2.721, Anal. F m d :  C, 71.60; H, 5.63 
A ~MX 

%. Calcd. for CI7Hl6O4: C, 71.82; H, 5.67 %. By crystallization of IIe £ran ether-benzene (1 : 5) in 

Et OH the ambient atnosphere, deep blue crystals of its dihydrate having mp 232% were isolated; w A- 

mn !log = ) :  216 (sh 4.421, 259 (3.811, 266 (3.821, 292 i4.07), 361 (2.49), 530 ! reflectance). Anal. 

Fmml: C, 62.65; H, 6.13 %. Calcd. for C1,H1604.2H20: C, 63.74; H, 6.29 %. Dehydration of IIe di- 

hydrate was effected by heating at llO°C mder reduced pressure far 1 h. 

By a reaction of 799 ng of If with 10 ml of hydmbranic acid and 55 rnl of acetic acid at 80'~ for 
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40 h, 72 og (9.9 % yie ld)  of I e  and 297 og (40.8 % yield)  of I I e  were obtained, while by the reac- 

t ion  of 1 g of I f  with 12 ml of hydrobranic acid and 60 ml of acet ic  acid a t  95'C for  14 h, 26 rg 

(2.8 % y i e l d )  of I e ,  144 og (15.8 % y i e l d )  of I Ie  and 5C4 og (48.9 % y i e l d )  of I Ie  dihydrate were 

obtained. In these operations, partions of the pmducts which were insoluble i n  benzene were dis- 

solved i n  e i ther  ether-benzene (1 : 5 )  or (2 : 3 )  and chranatographed. 

3-(2-Qdroq-krethylphenyl)-1,l&thylpmpan-l-al (XVII). A solution of 16.18 g (0.1 MI of 6- 

mthyl-3,4-dihydr~o-rin i n  100 ml of IHF was added t o  250 ml of 'IHF solution containing 0.25 M 

m t h y h g n e s i u n  bromide i n  1 h,  foll-d by reflmxing for  2 h lnder argon atmsphere. ?he reaction 

mixture was cmled,  t reated with 75 ml of 15 %hydrochloric acid,  e a r a c t e d  three times with 150 ml 

of benzene and the canbined organic layer was treated with brine, dehydrated over sodim sulfate 

and evaparated. Tne r e s i b 1  reddish solid was dissolved i n  benzene and chmtographed  through a 

c o l m  packed with s i l i c a  gel. Pbst of the by-praduct (10.4 g )  was eluted with ether-benzene (1 : 5).  

XVII was eluted with ethanol-benzene (1 : 3) and was recrystal l ized f m  b e m n e ,  6.44 g (33.2 % 

yie ld) ,  mp 1 0 & 1 0 2 ~ ~ ;  mr 6=l. 29 (6H, s ,  2CH3), 1.78 ( W, t J=7.3 Hz, C%), 2.22 (IH, s,  OH broad), 

2.24 (3H, s, GI3), 2.68 (W, t J=7.3 Hz, CH2), 6.73 (H, d J=8 Hz, A r ) ,  6.80 (1H,  s ,  OH broad), 6.88 

( M ,  d J=8 Hz, A r ) .  &I. F d :  C, 73.98; H, 9.21 %. Calcd. for  CI2q8O2: C ,  74.19; H, 9.34 %. 

15 3,6Dihflr@2,2,6-trimthyl-Wl1kllzo~an (XVIII). A solution of 5.99 g of XVII and 0.65 g of p 

toluenesulfonic acid i n  150 ml af benzene was r e f 1 4  for  22 h while azeotmpically d i s t i l l i q  

water off f m  the reaction mixture. 'Ihe bolzene solution, on cooling, was washed with water, dried 

aver sod im sulfate ,  evaporated and dis t i l l ed .  XVIII was obtained a s  colorless o i l  (4.64 g; 78 % 

yie ld) ,  bp 8 ~ 8 9 ~ ~ 1 4  m Hg. Satisfactory analytical and mr resu l t s  were obtained. 

Reaction of XVIII with a l u n i m  chloride. To a solution of 1 g of XVIII i n  30 ml of chlombenzene 

being s t i r r e d  a t  55%, was added 1.02 g of anhydrcus a l u n i m  chloride i n  a l o t .  The color of the 

solution changed in to  blue-green which i n  10 min faded and t m e d  t o  red. St i rr ing was continued 

for  1 h a t  the tenperatvxe. By the ordinary procedure, 1.02 g of an a i l ,  which sol idif ied on stand- 

ing, was o b t a i d  and chrmmtographed through a c a l m  packed with s i l i c a  gel.  2, %Dibydm1,1,7- 

trimthyl-l&inden-6ol ( V )  was obtained as bavene elute  and was recrystallized f r m  aqueous mth- 

a w l ,  0.856 g (85.6 % yie ld) ,  mp 76%; m 6d.34 (6H, s ,  2CH3), 1.93 (W, t J=7.3 Hz, 91, 2.31 

(3H, s, T), 2.76 (ZH, t J = 7 . 3 H z ,  CH2), 4.43 (lH, 5 ,  Mi), 6.55 ( l H , d J = 8 H z , A r ) ,  6.81 (lH, d J = 8  

Hz, A r ) .  Anal. F m d :  C, 81.71; H, 9.09 %. Calcd. for  CI2HI60: C,  81.77; H, 9.07 %. As a by-prmbct 

eluted by benzerr-heptane (1 : 31, was obtained 31 og (1.9 % yie ld)  of 6(2-hydroq-Wthylphenyl)-  

2-(lr-chlomphenyl)-Z-thylhtane as a resimus o i l ;  m 6=1.36 (6H, s ,  2CH 1, 1.87 ( l H ,  dd J=2 and 3 

4.8 Hz, 91, 1.90(1H, t J=2 Hz, CH2), 2.22 (m, s, CH3, %overlapped), 4.40 (1H,  s ,  O H ) ,  6.60 (lH, 

d J=8 Hz, Ar), 6.82 (U1, s, Ar), 6.84 (U1, d J=8 Hz, A r ) ,  7.28 (W, d J=8 Hz, A r ) ,  7.31 (W, d J=8 

Hz, Ar). Anal. F d :  C ,  75.47; H, 7.86 %. Calcd. for  C1$121CX1: C, 74.85; H, 7.33 %. 



Reaction of 2,4-xjlenol with tert-butanol. A solution of 14.78 g of 2,4-xylenol, 9.65 g of tert-bu- 

tanol and 1.64 g of p-toluenesulfanic acid i n  150 ml of benzene was r e f l d  for 3 h while azeo- 

tropically dist i l l ing off water f m  the reaction mixture. 'he top of the reflux condenser kas con- 

nected to a series of t m  wash bottles each containing a solution of 10 g of brcmine i n  30 ml of 

chlorofom. lhe reactim mixture was cooled, kashed with mte r ,  dried aver scdiun sulfate, evaporat- 

ed and chmmtographed through a colurm packed with si l ica gel. As benzene elutes, 5.57 g (25.8 % 

yield of 2,Umethyl-Mert-butylphenol  IXXII) having bp 1 0 6 1 0 5 ~ ~ / 1  mn Hg was obtained together 

with 83 mg of hthyl-2-tert-htylphenol having bp 95-100'~ (bath) /2  mn Hg as the sole by-pmduct 

derived f r m  2,4-xjlrnol. Frm the wash bottles, the solvent and bramine were purged off and the 

residue (1.84 gl was dist i l led to yield 0.72 g of 1,2-dibraro-2-thylpmpane (XXIII) having bp 5LL 

55'~/25 mn Hg and 0.49 g of 1,2,kribraro-2-thylpropane (XXIV)  having bp 10>110~~125  mn Hg. 

men a solution of the s a m  ammts  of the reagents described above was refluxed without d is t i l l ing  

water off, 1.02 g (4.7 %yie ld )  of XXII, 4.53 g (16.1 %yie ld )  of XXIII and 3.24 g (8.4 %yie ld )  of 

XXIV w2re obtained. Water f o m d  i n  the reaction accelerates the dehydration reaction. 

Bis(2-thoxj-hthylbenzylidenelaceto (&thy1 ether of XII) .  Prepared by r e f l a ing  a solution 

of 100 g of XII, 2.94 g of s o d i m  hydroxide and 135 g of wthyl iodide i n  1.2 1 of ethanol for 6 h. 

On recrystallization f m  wtbrnl, XI1 &thy1 ether wl ted  a t  119 '~,  yield 61.54 g (88.7 % I ;  ir 

1570 (C=O), 1260 (OX3); mm 6=2,30 (6H, s, CH3), 3.88 (6H, s, OX3), 6.84 (W,  d J=8 Hz, Ar) ,  

7.16(W,dJ=16 Hz, =CHI, 7.18 (W,  dd J=2 and 8 Hz, Ar) ,  7.44 ( W ,  d J=2 Hz, A r ) ,  8.60 (W,  d J=16 

Hz, A r ) .  Anal. Found: C, 78.16; H, 6.93 %. Calcd. for C21%203: C, 78.23; H, 6.88 %. 

1,5-Bis (Z-methoxj-5-methylphenyl )->pentanone ( X X ) .  Hydrogenation of 12 g of d k t h y l  ether of X[I, 

was effected in the acetone solution (150 ml) containing 1 g of 5 % pal ladimharcoal  a t  3 0 ' ~  in 6 

h. On chr-tography of the pmduct thmugh a colum packed with s i l ica  gel, 8.7 g (71.2 %yie ld )  of 

XX was obtained as ether-benzene (1 : 10) elute, and m s  recrystallized f m  methanol, rrp 62 '~ ;  i r  

1710 lC=O); m 6=2.26 (6H, s, 2CH3), 2.74 (WI, t J=6 Hz, CH2), 2.87 (WI, t J=6 Hz, CH.1, 3.80 

(6H, s ,  OX3), 7.04 (W,  d J=8 Hz, A r ) ,  7.00 IW, s, Ar, overlapped), 7.80 (W,  d 5-8 Hz, A r ) .  Anal. 

F d :  C, 77.22; H, 8.05 %. Calcd. far  C21%603: C,  77.27; H, 8.03 %. As a by-product, l ,>bis(2- 

wthaxj-Mthylphenyll-3-pentanol having np 10IDC was obtained, yield 0.31 g (2.5 % ) ;  mr 6=1.78 

(a, dt J=6, 8 and 8 Hz, CH2), 2.28 (6H, s ,  2CH3), 2.75 (4H, t J=8 Hz, CH2), 3.46 (H, quin J=6 Hz, 

CHl, 3.83 (6H, s ,  OX3), 6.70 ( W ,  d J=8 Hz, A r ) ,  6.95 (W,  A r ,  overlapped), 7.W (W, d J=8 Hz, A r ) .  

Anal. E d :  C, 76.64; H, 8.68 %. Calcd. for C21%803: C, 76.79; H, 8.58 %. 

7,7'-Diwthyl-l,l'-spimbii~4,4'-diol dimthy1 ether (XXI).  A solution of 2.7 g of XX in 30 ml 

of benzene was treated with 12 ml of phosphorus oxychloride followed by 4.6 g of s t b c  cbloride 

and refl-d for 10 h. On the addition of amther 1 g of starmic chloride, refluxing m s  continued 

for further 20 h. After the ordinary rarhq, the purple reaction product was chrcmtographed through 
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a c o l m  packed with 150 g of alunina to yield 2.03 g of benzene elute which was rechr-tographed 

through a c o l m  packed with silica gel. Pure XXI was obtained as a h m e  elute and recrystallized 

f m  hexam to yield 1.32 g (51.6 % yield) of hite crystals having q 143%; mn 6=1.76 (6H, s ,  2 

CH3), 2.13 (2H, tJ=9Hz,CH2), 2.19 (W,ddJ=4and9Hz,CH2), 2.92 ( W ,  tJ=9Hz,CH2), 2.98(2 

H, dd 5 4 and 9 Hz, 91, 3.83 (6H, s, 2CCH3), 6.62 (W, d J=8 Hz, Ar), 6.88 (2H, d J=8 Hz, ArI. 

Anal. F d :  C, 81.65; H, 7.811 %. Calcd. for C21H2402: C, 81.78; H, 7.84 %. 

Gnwersion of XXI into IIc. A mixtme of 2.03 g of XXI, 25 ml of hydrobranic acid, 2 ml of hydr* 

icdic acid and 35 ml of acetic acid was refluxed for 30 h. After cwling, the hole mixture was 

polrred into 200 mL of water to yield 1.75 g of precipitate which together with the evaporation res- 

idue of the filtrate was chrmtographed. lhe yield of pure IIc was 1.15 g (62.2 %).  Diacetate of 

1Ic was prepared by heating 163 q of IIc, 3 m l  of pyridine and 1 ml of acetic anhydride at lW°C 

for 4.5 h. h e  yield of white crystals of the diacetate having op 168'~, was 121 q (57.1 %); ir 

1760 6' lC=O). Anal. Fad: C, 75.30; H, 6.70 %; M: 364. Calcd. for CZ3Hz4O4: C, 75.80; H, 6.64 %; 

M: 364. 

Optical resolution of 7,7'&rrethyl-1,l'-spirobiindan4,11t-ylene di-(+I-(Kl-phenylethy1)carbamate. 

A solution of 2 g of IIc, 1 drop of pyridine and 5 ml of (+I-1-phenylethyl isocyanate in 50 rnl of 

toluene was refluxed for 46 h. After evaporation of the solvent, remined resinous mss which on 

trituration with 50 ml of benzene ddified. lhe precipitate was filtered and recrystallized f m  

benzene-heptane (1 : 5) to yield 1.26 g white crystals of FIIc di-(+I-(Wl-phenylethyllcarbarrate 

(XXV) having mp 152%; 101; -26 (ELM, c = 0.55); ir 1720 cK1 (C4); m 6=1.60 (6H, d J=8 Hz, 

2CH3). 1.80 (6H, s, 2CH3), 2.19 (W, t J=10Hz, ?), 2.22 (2H, t J=4Hz, CH2), 2.76 (2H, dd J=4 

and lOHz, CH2), 2.98 (W, dd J 4 a d  lOHz, CH2), 5.W ( W ,  q J=8Hz, CHI, 5.32 (W, s, NU,  6.96 

(4H, s, Ar), 7.44 (IOH, 5, Ar). Anal. F d :  C, 77.49; H, 6.71; N, 5.04 %. Calcd. for C37H3804N2: 

C, 77.32; H, 6.67; N, 4.87 %. h e  knzne filtrate was chrmtogaphed through a c o l m  packed with 

400 m l  of silica gel. Fnm the ether-benzene (1 : 20) elute, 1.43 g 135 % yield1 of E-IIc di-(+i- 

(Wl-pheny1ethyl)carhte (XXVI) was obtained. r)o recrystallization £ran benzene-heptane (1 : 5) 

it rrelted at lW°C. Its ir and m spectra =re identical with those of XXV. [,I: -118' IEtOH, 

c = 0.45). Anal. Fomd: C, 78.17; H, 6.75; N, 4.56 %. Calcd. for C37H3804N2: C, 77.32; H, 6.67; N, 

4.87 %. Fran ether-&- I1 : 10) elute, 0.13 g of XXV was isolated. h e  total yield of XXV a- 

muted to 1.39 g (34 %). 

Isolationof S-IIcby the hydrolysis of c. A solution of 0.5 g of XXV, 1.5 g of potassiun hydrm- 

ide and a drop of water in 15 ml of ethanol was refluxed far 10 h. Mter cmling, the solution was 

decanted frm s d u n  cartonate, acidified with hydmhloric acid and the mixtme containing sane 

crystals was evaporated to yield 176 q of precipitate frm tbich on recrystallization 141 q (57.8 

% yield ) of FIIc having mp 194'~ m s  obtained; +6Z0 (EtOH, c = 0.561, t263' (die-, c = 



0.13); cd 236.5 rn (dioxane, AZ +31.1); high p e r f o m m e  liquid chr-tography, retention tirre 9 min 

(Chiralpak OT(+) c o l m  4.6 x 250 mn, flow r a t e  0.5 mllmin, w detector a t  254 nn) ;  w rm (log E 1, 

206 (4.91, 228 (sh, 4.51, 277 (3.51, 283.5 (3.5) .  Anal. F o d :  C,  80.60; H, 7.22 %. Calcd. for  C19- 

HZ0O2: C,  81.39; H, 7.19 %. 

Isolation of R-IIc by the hydrolysis of XXVI. According t o  the pmedme described above, 0.5 g of 

XXVI yielded 152 mg (62.3 % y i e l d )  of 5-IIc having np 194%; 1-1; -67' (EtCH, c = 0.55), -280' 

(die-, c = 0.13); cd 237 rm (dioxane, AF  -26.7); high perfonmme l iquid chraratography, retention 

tim 9.7 min. Anal. F o d :  C, 80.71; H,  7.23 %. Calcd. for  Cl9HZ0O2: C, 81.39; H, 7.19 %. 
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