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Abstract — The reaction of 2,2'-spirobichroman derivatives with either hy-
drobromic acid in the acetic acid sclution or aluminum chloride in the chloro-
benzene solution yielded 1,1'-spirobiindan-4,4'-dicl analogues. The reaction
is peculiar as compared with the reaction of alkyl aryl ethers with the same

reagents in the same media.

Introduction. For all the prevalence of the thermal and the acid-catalyzed Claisen rearrangementl
in the synthetic accomplishments, the conversion of alkyl aryl ethers into their respective alkyl-
phencls remains to raise mechanistic studies in argunents? Due evidences were adduced either in
favor of or against the alternative mechanisms of intermoleculars or intrarnolec:ula::4 rearrangement.

In most of the reactions substantiating the effective rearrangement to yield o- and p-alkyl-
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 alumimum chloride in-
variably yielded alkylchlorobenzene derivatives® instead of aikylated phenols indicating the fact
that the alkyl carbenium ions, formed by the attack of the Lewis acid on the ethers, react with the
solvent rather than the aromatic mxlei of the phenol moieties of the ethers.

It is also well known that the reaction of alkyl aryl ethers with hydrobromic acid in the acetic
acid solutions yields alkyl bromides and phenols.

A peculiar illustration is the rearrangement of 2,2'-spirchichroman derivatives (I) into 1,1'~
spirobiindan-4,4'-diol analogues (II) which was effected either by heating the formers with hydro-
bromic acid in the acetic acid solution’ or by the reaction of the formers with anhydrous aluminum
chloride in the chlorobenzene solution? as preliminarily reported.

The rearrangement reactions. The rearrangement of I having electron—donating substituents into II

was effected with moderate yields by the reaction with hydrobromic acid - acetic acid at 95°C, while

6,6'-dichlorc-2,2'-spirobichroman (Ib) having substituents specified by their electron-attracting
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dipoles, on reaction with hydrobromic acid - acetic acid at 95°C for 6C h, was recovered unscathed

implicating the electrophilic mature of the rearrangement reaction. The results are summarized in

Figure I and Table I.

Figure 1. The reaction of 2,2'-spirobichroman derivatives with hydrobromic acid - acetic acid
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Table I. Summary of the reaction of 2,2'-spirobichroman derivatives in the acetic acid solution.

Reactant  Reagent  Temp. °C Time h Products (%)
Ia HBz™ 95 60 Ila (1.8), Ia (88.5)
Ib HBr 95 60
b no appreciable products
Ib HBr—-HL reflux 16
Ic HBr 95 60 TIc (10.8), IIIc (6.0}, Ic {58.1}
Ic HBr-HL reflux 16 IIe (15.3), IIIc (3.0)
Id HBx 95 52 11d (62.2)
Ie HBr 95 3 Ile (80.0)
1f HEx 80 4 If (28.8), Ig (25.6), Ie (11.3), ILle (3.5)
If HBr 80 40 Ie (9.9}, IIe (40.8)
1t HBr 95 14 Te (2.8}, I1Ie (64.7)

COOH, 2-3 ml HBr and 0.2-0.3 ml HI

a. 12 Ml CH3C(DH and 2 ml HBr per 100 mg reactant. b. 4 ML CH3

per 100 mg reactant.

On the inspection of Table I, it is pointed out that the reaction of 2,2'-spirobichroman-6,6'-

diol dimethyl ether (If) with hydrobromic acid - acetic acid at 80°C resulted in stepwise elimina-
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ticn of two methyl groups from the methoxyl groups te yield successively the monomethyl ether (Ig)
and the diol (Ie) rather than the migration of methyl groups ontc the aromatic nuclei. It is, there—
fore, inferred that the fissions of two methyl groups preceded the rearrangement reaction which pro—
ceeded very slowly at 80°C and in substantial rate at 95°C.

Jacquesy et al.Zb reported that the rearrangement of p-alkyl phenetole derivatives in superacid
(HF—SbFS) medium yielded exclusively 4-alkyl-3-ethylphencl derivatives and proved the intermolecular
mechanism by cross-alkylation experiments. They also proved that the reaction went forward via di-
rect attack of the carbenium ion toward carbon meta to the oxygen fimction rather than the o,p-sub-
stitution followed by migration to the meta position. And in the related experiments made by the
same authors, bromination of p-alkylphencl and p-alkylanisol derivatives in the same medium yielded
m-bromephencl derivatives2*">

In contrast to this conclusion, the reaction which we are dealing with proceeds intramolecularly
because the migrating groups are tied up to the phenyl rings in which they are bound to anchor. On
the basis of such foregoing results, it is reasonable to consider that the increase of plus charge
at C-2 (C-2'), i.e. the use of stronger Lewis acid as well as the increase of the electron density
of the aromatic rings particularly at C-5 and C-5', i.e. electron releasing substituents at C-6 and
C-6', facilitate the rearrangement reaction. The effects of electron releasing substituents were
already confirmed. Therefore, another choice to be examined may be the use of strong lewis acid such
as anhydrous aluminum chloride.

The rearrangement of I was effected by alumirmum chloride in chlorobenzene solution as summarized
in Figure II and Table II.

2,2'-Spircbichroman {Ia) and Ib which could not effectively be rearranged by the hydrobromic acid
- acetic acid method, yielded 1,1'-spirobiindan-4,4'-diol (IIa) and 7,7'-dichloro-1,1'-spirobi-
indan-4,4'—-diol (IIb) in 35.5 and 38.5 % yield, respectively. Ila crystallized from benzene-heptane
{1:1)as a(2 : 1)clathrate compound with benzene having mp 105°C, which was debenzenized at 110c
under vacuum (25 mm Hg) to yield crystals having mp 129-30°C. 1-[2-(2-Hydroxyphenyl)ethyl]-4—indan-
ol (IV} was also isolated as a clathrate compound with heptane having mp 108°C which on deheptaniz-
ation at 110°C under vacuum yielded crystals having mp 138°C.

Although higher temperature assured the energy to pass over the transition state, competing de-

#3. Jacquesy et al. seem to suggest implicitly the meta—directing influence of protcnated oxygen
functions although it also seems likely that phemol oxygen atom as well as that of its methyl
ether, even when protonated at its oxygen fumction, still retains in its F, orbital of sp2 hy-
bridized oxygen atom a pair of unshared electrons available to the mesomeric displacement to-
ward the benzene nucleus to effect a weak o,p-directing influence. Orbital overlap between oxy—

gen and benzene ring of the alkyl {except tert—butyl) aryl ethers was observed. 1°

— 465~



Figure II. The reaction of 2,2'-spirobichroman derivatives with alumimum chloride

Ia,b,c,h
Me Me na, Me
Me<0r0,0<O-Me 5
C6H5Cl
1d

Table II. Summary of the reaction of 2,2'-spircbichroman derivatives in chlorobenzene solution.

Reactant A1C13/I Temp. °C? Time h Products (%)
Ia 2.3 100 4 ITIa (25.5), IV (3.4}
Ia 2.3 140 1 ITa (35.5), IIla (23.8), IV (5.7)
Ib 2.5 100 3 ITbh (38.5), I1Iib (12.2)
Ib 2.6 l 135 1 ITb (22.1), IIIb (38.1}
I 2.5 100 2.6 IIc (65.8)
1d 3 20° 1.5 I1d (67.8), VI (10.1)
hithd 2.5 135 2 no appreciable products

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

mixture rose to 50°C. c: 6,6',8,8'—’E‘etram'.tm—z,2‘—spJ’.rob]'.chroman.13

hydrogenation reactionsl? leading to 3,4-dihydro-2,2'-spirobi|2H-chromene] (111a) and 6,6'-dichlo-
ro-3,4-dihydro-2,2'-spiro[ 2H-chromene | (IITb) restricted the yields of Ila and IIb in a lower lim-
it. However, much improvement of the yield was realized of the rearrangement of Ic ard Id exempli-
fying the reaction accelerating effect of the Lewis acid.
Comparing the aptritudes toward rearrangement due to both reagents, the order of reactivity of the
substituted 2,2'-spirobichroman derivatives to form 1,1'-spirobiindan-4,4'-diol analogues was,
6,6'dihydroxy > 6,6'-dimethoxy > 6,6',8,8'-tetramethyl > 6,6'-dimethyl > 6,6'-dichloro »
unsubstituted > 6,6',8,8'-tetranitro
It should be added that aluminum chloride-catalyzed rearrangement substantiated the syntheses of

1Ta and IIb which otherwise were difficult to synl:l'lesi.ze%2
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Synthesis of 2,2'-spircbichroman derivatives. As represented by the synthesis of 6,6'-dimethyl de-

rivative (Ic} in Figure ITI, 2,2'-spirobichroman derivatives were prepared by a modification of the

13

merhod which Mora and Szeki reported on their study of disalicylideneacetone derivatives.” The

Figure III. Synthesis of 6,6'-dimethyl-2,2'-spirobichroman
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eyclization of XIIT into Ic was effected at 0°C in the alecholic sulfuric acid in 2 h. The extreme
ease with which the cyclization of 1,5-bis(2-hydroxyphenyl }-3-pentanore derivatives intc 2,2'-spiro-
bichromen derivatives occurs, may be ascribed to the “tied uwp group® reactivitym because the re-
action of p—cresol and 2,4—xylenol‘ with 3-pentancne in the same media at 0°C and 60°%C for 6 h re-
sulted in complete recovery of the starting materials. It should also be suggested that the rear-
rangement of I inte II, which means meta-substitution, may also be due to the "tied up group" state.
We may add another instance of the varied reactivity due to 'tied up group". As illustrated in Fig-
ure IV, by azeotropically distilling water off from the benzeme solution of 3-(2-hydroxy-5-methyl-
phenyl)-1,1-dimethylpropan-1-o0l (XVII) using p-toluenesulfonic acid as catalyst, 78 % yield of 3,4

dihydro-2,2, 6-trimethyl-2H-1-benzopyran (XVITI}12

was obtained. Fearvangement of XVIIT was effected
by the reaction with alumimum chloride in chlorobenzene solution to give 85.6 % yield of 2,3-di-
hydro-1,1, 7-trimethyl-1H-inden-4-¢l (V}, a product of meta-substitution.

In a comparative experiment, the reaction of 2,4-xylenol and tert-butamol (both of 2,3-seco-species
out of XVII} yielded 2,4~dimethyl-6-tert-butylphenol (XIX) instead of 2,4~dimethylphenyl tert-tutyl
ether. In the experiment, refluxing without distilling water off resulted in low yield of XIX, the
main product being isobutene which was trapped as dibromo- and tribromo-isobutane. The water as a

hard base plays an important role in the dehydration reaction.
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Figure IV. Reaction of tert-alcohols with phenols.

H
0.0 ; Me it O Me iii GH
MO — OH > I T e —
Mée M e (c]
e c @
WII $iii XVIIL v
OH Br
Me it H BrBr
Q'+ tefon TAIBG e Wt
Me Me Me e Mg>‘_‘
XIX BrBr
i, MM, H,0 ii. p-TsOH, Cgll, ifi. AICI, CHCL  iiiil. KO

Structure of 1,1'-spirobiindan-4,4'-diol derivatives. The structure of IT was verified on their

mr spectra as well as by the synthesis16 of racemic 7,7'-dimethyl-1,1'-spirobiindan-4,4'-dicl

(IIc) and its resolution into optical isomers as illustrated in Figure V. The cyclization of 1,5

Figure V. Synthesis and optical resolution of 7,7'—dimethyl-1,1"-spircbiindan-4,4'-diocl

Me Me Me Me OMGM
B3, — 0B, 288 =
MO == OMe  MeO OMe Me

X o« OMe

OH —> §-Urg{tvhane —_
O JMe »
Me (IO

OH L, R-Urcthane —>

IIc RV

i. HZ’ Ri-C, MeCOMe  ii. PCClB, SnCll‘, C6H6 reflux iii. HBr, HI, AcCH reflux
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bis (2-methoxy-5>-methylphenyl Jpentan-3-one (XX) into dimethyl ether of Ilc (XXI) could not be ef-
fected by the method by which Nakagawa et aﬂGa succeeded in cyclizing 1,5-bis(3-methoxyphenyl )-
J-pentanone into 1,1'-spirobiindan-5,5'-diol dimethyl ether, but was achieved in 51.6 % yield by
the addition of stamnic chloride to the phosphorous oxychloride —~ benzene solution of XX followed
by 30 h refluxing.

Optical resolution of Ilc. The diastereoisomeric urethanes were prepared by refluxing the toluene

solution of racemic IIc with (+)-1-phenylethyl isocyanate and a drop of pyridine for 46 h. On evap-
oration of the solvent followed by treatment of the residue with benzene, precipitated the urethane
of §(+}-IIc having mp 152°¢, [u]]lj.S -26° (EtOH, c = 0.17) while urethane of R(-)-isomer having wp 104
°c, [m]%5 -118° {(EtOH, ¢ = 0.45} was obtained from the benzene solution on chromatography through
silica gel colum. R(-)-IIc having mp 194°C, [a]}” ~67° (ELOH, c = 0.55) and S(+)-Ic having mp 1%
°C, [a]}> +62° (EtOH, ¢ - 0.56), cbtained by hydrolyses of the respective urethanes, were estimated
tobe of ee 100 and 96 %#ﬁ, respectively, on the high performance liquid chromatography through Chi-
ralpak OT{+) colu‘mu as illustrated in Figure VI and a calculation based on their {a]D values.

Figure VI. High performance liquid Figure VII. ed Spectra of R- and S-IIc
chromatography of R- and S-IIc
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#4. We also got ee 97 % on the [a]p, values -280 ° (dioxane, ¢ = 0.13) and +263° (dioxane, c = 0.13).
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Assignment of 5 and B—structures was made on their cd spectra shown in Figure VIT as well as on

their high performance liquid chromatographic analyses on a colum mentioned above through which, it
is known, S-isomers are eluted in less retention times than those of the E—ismlers%s

FXPERIMENTAL

Melting points are uncorrected. 1H nmr spectra were recorded in CDCL, solution containing tetra-
methylsilane as a standard at room temperature with a JEOL INM-MH-100 and FT roe GX-270 instruments,
ms and ir spectra were taken on JEOL JM5-D-300 and Hitachi EPI-G-2 instruments, cd and high perfor-
mance liquid chromatography were determined on JASCO J-20 automatic ord recorder and Trirotar 11
instrument, respectively. Analysis of sodium was made on the flame photometric method. Columns for
silica gel chromatography were packed with Wakogel C-200.

13

2,2'-Spirobichroman (Ia).” A convenient method to prepare Ia is as follows : a solution of 30 g of

disalicylideneacetone disodium salt heptahydrate {VII) in 200 ml of water was stirred with 2 g of 5
% palladium—~charcoal under hydrogen atmosphere at 55°C for 12 h to absorb 3 1 of hydrogen. The solu-
tion was filtered and the palladium—<charcoal was extracted twice with 530 ml of hot water and the
combined filtrate was poured into a mixture of 20 ml of conc. hydrochloric acid and 100 ml of ice-
water, which was extracted twice with 250 ml of benzene—ether (1 :1). The combined organic layer was
shaken with 5 % ag. sodium carbonate solution followed by brine, dehydrated with anhydrous sodium
sulfate and evaporated. The residue was dissolved in small amount 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—colored gruel ensued. Stirring was continued for another 2 h in the ice bath and the gruel was
filtered, recrystallized from ethanol teo yield 9.1-9.5 g pure Ia having mp 107-108°C. ‘The crystals
obtained from the mother liquor of crystallization, combined with the crystals obtained from the
ethancl-sulfuric acid filtrate by treatment with water, was chromatographed through silica gel col-
um to yield 0.8-1.2 g Ia having mp 108°C as the benzene elute. Total yield 57.1-61.7 %.

Bis (2-methoxybenzylideneJacetone (VIII). To a refluxing solution of 21 g of VII in 250 ml of ethanol

containing 2.0 g of sodium hydroxide was gradually added 25 g of methyl iodide and the refluxing was
contimied for 5 h. The resultant scluticn was evaporated and the residue was treated with 50 ml of
10 % ag. sodium hydroxide solution arxd extracted twice with ether-benzene (1 : 1} The combined organic
layer was washed with water, dehydrated with sodium sulfate, evaporated and the residue was crystal-
lized from ethanol to give 11.72 g (81.7 %) yellow crystals: mp 126°c, ir 1675 et (c=0).

1,5-Bis (Zmethoxyphenyl }-3-pentanone (IX). A solution of 10g of VIII in 180 ml of acetone was hydro-

genated over 0.5 g of palladiuncharcoal at rcom temperature for 24 h to absorb 1.3 1 of hydrogen.
The solution was filtered and the charcoal was extracted twice with hot acetone. The combined fil-
trate was evaporated and the residue on chromatography through silica gel colum yielded white crys—
tals as the benzene elute which on crystallization from methanol weighed 6.52 g (64.4 %): mp 92°C.
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Anal. Found: C, 76.51; H, 7.50 %. Caled. for CygHy04: G, 76.48; H, 7.43 %; ir 1718 cm_l (C=0}; nmr

6=2.72 (4, € J=7 Hz, CH,), 2.79 (4, t J=7 Hz, CH,), 3.80 (6H, s, OCH,), 6.80 (2, d J-8 Hz, Ar),
6.88 (2H, d J=8 Hz, Ar), 7.10 (4H, dd J=2 ard 8 Hz, Ar).

Attempted cyclization of IX. By refluxing a solution of 10.4 g of IX, 44 ml of POCL, and 8.7 g of

SnCI_4 in 114 ml of heptane or benzene for 42 h, no substantial amounts of 2,2'-spirobichroman deriv-

atives could be obtained.

19,7b

6,6'-Dichloro-2,2'-spircbichroman (Ib). To a mechanically stirred mixture of 9.1 g (1/20 mole)

of 6—chloro—3,4—dihydr000\-lmrin20 and 40 ml of heptane heated at 100-110°C, was added a mixture of
12.5 g {1/20 mole) of boron tribromide and 10 ml of heptane. From the clear yellow solution which
ensued on the addition, in 30 min precipitate began to separate. The precipitate became a hard mass
which prevented stirring, in which event the mass must be crushed by a glass rod to assure effective
stirring to contimue for 5 h. The reaction mixtiure, on cooling, was poured into 200 ml of ice-water
and the precipitate was filtered. The aqueous organic filtrate was extracted twice with 200 ml of
ether-benzene (1 : 1) ard the combined extract was washed with brine, dehydrated with sodium sulfate
and evaporated. The precipitate, together with the residue of the extract, was dissolved in benzene
and chromatographed through silica gel to yield Ib as the first benzene elute. Recrystallization
from heptane ot ethanol vielded 1.2 g (15.2 %) of white needles having mp 20700.21 Anal. Found: C,
63.87; H, 4.54; C1, 21.72 %; M", 306. Calcd. for €y M ,0,CL,: G,y 63.57; H, 4.39; Cl, 22.08 %; M! 306.
Bis (2-hydroxy-5—chlorobenzylidene Jacetone disodium salt heptahydrate (X). To a sclution of 29.18 g

of 5-chlorosalicylaldehyde and 5.20 g of acetone in 85 ml of ethanol was added 13.94 g of sodium hy-
drexide in 20 ml of water, when yellow precipitate separated. The reaction mixture was shaken for 1
h ard left to stand overnight. The dark red mass was filtered and recrystallized from 7C % ethanol
to yield 23.56 g (50.1 %} red crystals with green metallic luster. Anal. Found: C, 39.98; H, 5.01;
Na, 10.23 %. Caled. for C..H, 0.Cl Na 71,00 C, 40.40; H, 4.78; MNa, 9.10 %.

177107377272
Ib via hydrogenation of X. A mixture of 4.99 g of X, 0.7 g of 5 % palladium—charcoal and 120 ml of

acetic acid was stirred in the hydrogen atmosphere at 30°C for 7 h. The solution was filtered ard
the charcoal was extracted twice with 30 ml of acetic acid and the combined filtrate was poured into
500 ml of ice-water, when yellow precipitate separated. The precipitate was filtered and recrystal-
lized from ethanol. Yield 0.30 g (9.4 %): mp 205-206°C.

Hydrogenation of X in the aqueous solution yielded a mixture of Ia and Ib in which the former pre-
dominated. Separation of Ib from la was effected by chromatography through silica gel colum of suf-
ficient length using benzene-heptane (1 : 1) as solvent. Ib came out first.

Chlorination of Ia was effected in the acetic acid solution to yield tetrachlero derivative.

Bis (2-methoxy-5-chlorobenzylidene Jacetone (XI). By the procedure described on the synthesis of IX,

reaction of 24.4 g of X, 25.1 g of methyl icdide and 1.0 g of sodium hydroxide in the 250 ml of eth-
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anolic solution yielded 8.6 g (49.2 %) of XI having np 156-158°C. Anal. Fourd: C, 62.63; H, 4.39 %.

Caled. for C19H1603012: C, 62.82; H, 4.44 %.

Bis (2-hydroxy-5-methylbenzylidene Jacetone disodium salt heptahydrate (XII). To a solution of 100 g

of 5methylsalicylaldehyde and 20.5 g of acetone in 340 mi of ethanol was added a solution of 55 g
of sodium hydroxide in 85 ml of water, when yellow crystals of sodium salt of the aldehyde precip-
itated. The mixture was shaken for 30 min and left to stand overnight, when the whole mass solidi-
fied. The precipitate was filtered and recrystallized from 70 % ethanol to yield 136.1 g (73.8 %)
of red crystals with green metallic luster. Anal. Found: C, 49.82; H, 6.31; Na, 10.17 %. Caled. for
CygHy¢Oqa, -7H0: €, 49.13; H, 6.51; Na, 9.90 %.

1, 5>-Bis (2-hydroxy-5-methylphenyl )-3-pentancne (XIII). A solution of 35.5 g of XII in 650 ml of water

was treated with 3 g of palladiun—charcoal and hydrogenated at 55°C for 18 h. The resultant clear
soluticn was filtered and the charcoal was extracted twice with hot water and filtered. The combined
filtrate was acidified with 30 ml of acetic acid, extracted three times with 300 ml of ether-benzene
(1 : 1). The combined extract was washed with 5 % aq. sodium carbonate solution followed by water,
dehydrated with anhydrous sodium sulfate and evaporated under reduced pressure to yield 22.3 g of an
oil, which was dissolved in benzene and chromatographed through a colum packed with 500 ml of silica
gel. Every 50 ml elute fraction was tested on thin-layer chromatography and fractions which revealed
spots of the same Rf values were combined and evaporated.

Fraction 1. Benzene elute 0.16 g, which was crystallized from heptane to give a mixture containing
Ie: mp 121-126°C. Fraction 2. Benwene elute 0.48 g (2.2 %), which was recrystailized twice from hep-
tane to vield vhite crystals having mp 165°C. 6-Mathyl-2-(3-methyl[4.2.0]bicyelooct—7-yl )-2-chroman-

o9,

3 ir 1150 (tert-OH), 1225 (:m*:L (phenyl ether); rmr 6=0.89 (3H, d J=7 Hz, CH,}, 1.00 (2H, brcad,

3
2), 1.08 (3H, broad, 3 cyclobutane CH), 1.45 (1H, overlapped, CH}, 1.55 (4H, d J=5 Hz,
2CHy), 1.69 (2H, t J=3 Hz, CH,), 1.92 (2H, dd J=6 and 2 Hz, CH,), 2.12 (1H, s, OH), 2.24 (3, s, CH

cyclobutane CH

2 ),

2.69 (2H, dd J=6 ad 2 Hz, CH

3
,)s 6.69 (IH, d J=B Hz, Ar), 6.89 (IH, s, Ar), 6.92 (1H, d J=8 Hz, ar).
Anal. Found: C, 79.53; H, 9.15 % M, 286 [Fragment fons: 286 (M -18)) 21t (M - 18 - 57(C,H,))} 171
M- 18 - 97[c7H13));* 165 (M - 121(CgHg0))7 158 (M - 18 - 110(CgH,, )7 147 (cloﬁllm‘; 121 (CBH90):'
i08 (C7H80)T 91 (C71-17)+]. Calcd. for CIQHZGOZ: C, 79.67; H, 9.15 %; Mf 286. Fracticn 3, Benzene elute
#5. A possible mechanism of the formatien of this by-product may be the reduction of one of the phe-
nol rings of XIII into cyclohexancne system22 followed by the successive reactions of aldol cy-

clization, dehydration and hydrogenation as formulated below.

Me OH iV,V

Me Me {41 Me Ma iii Me vi H
38,2 35 5 s Ay L wasp
NaO ONa  NaQ 0 NaO NaQ

.+ 2H, ii. + 1,0 1ii. Aldol cyclization “iv. - H,0 v. + H, vi. +H'
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0.42 g (1.9 % yield), which on recrystallization from heptane yielded Ic having mp 131-132°C.
Fraction 4. Ether-benzene (1 :10) elute 10.54 g (46.3 % yield) which on evaporation was isolated as
oil and crystallized gradually on standing. Recrystallization from benzene-heptane (1 :5) yieled
1

{

white crystal: mp 87°C. 1,5-Bis{2-hydroxy-5-methylphenyl)-3-pentanone (XIII1); ir 1690 em =~ (C=0);

mr 6=2,10 (2H, s, QH), 2.22 (6H, s, 2CH3), 2.76 (8H, s, 4CH2), 6.70 (2H, ¢ J=8 Hz, Ar), 6.82 (2H,

s, Ar), 6.90 (2H, d J=8 Hz, Ar). Anal. Found: C, 76.70; H, 7.42 %. Caled. for C;gH,,0,: C, 76.48;
H, 7.43 %. Fraction 5. Ether-benzene (1 : 10) elute 0.69 g, which was recrystallized from benzene-
heptane (1 : 3) to yield crystals having mp 103°C. 2-Hydroxy-S-methylbenzyl alechol. Anal. Found: C,
69.68; H, 7.21 %. Fraction 6. Ether-benzene (2 : 5)elute 0.75 g (3.3 % yield}, which was recrystal-
lized from benzene-heptane (1 : 1) to yield white crystals having mp 116-118°C. 1.5-Bis(2-hydroxy-5-
methylphenyl )-3-pentanol; omr 8=1.74 (4H, t J=6 Hz broad, 261-[2), 2.20 (eH, s, 201-[3), 2.67 (H, t

J=6 Hz, CH,), 2.73 (2H, t J=6 Hz, CH,), 3.56 (1H, broad, CH}, 4.50 {1H, s broad, OH), 6.72 (ZH, d

2 3
J-8 Hz, Ar), 6.84 (2H, d J=8 Hz, Ar}, 6.84 (M, s, Ar), 7.74 (2H, s broad, OH). Anal. Foux: C;
75.865 H, 8.02 %. Calcd. for CgH, Oq: C, 75.97; H, 8.05 %

6,6'-Dimethyl-2,2'-gspirobichroman Ic from XIII. According to the procedure described in the prepara-

tion of Ia, 10 g of XIII on treatment with 60 ml of ethanol containing 8 ml of conc. sulfuric acid
yielded 5.93 g (63.1 %} of Ic having mp 131-132°C; tmr 6=1.90 (2H, td J=12, 12 and 6 Hz, CH2),
2.25 {8H, s, 2CH3, CH2
6 Hz, CHZ)’ 6.68 (2H, d J=8 Hz, Ar), 6.92 (H, d J=8 Hz, Ar), 6.95 (2H, s, Ar). Anal. Found: C,

overlapped), 2.68 {(2H, ddd J=12, 6 and 2 Hz, CHZ)’ 3.22 (2H, ddd J=14, 12 and

81.45; H, 7.18 %; M, 280. Caled. for C;gH, 0,0 C, 81.39; H, 7.19 %; M; 280.

Bis (2-hydroxy—3, 5—dimethylbenzylidene Jacetone disodium salt heptahydrate (XIV). Prepared by the pro-

cedure described for the synthesis of XII. When 100 ml of ethanolic solution of 30 g of 3,5-dimethyl-
sal'1c:y1aldehyde23 and 6 g of acetone was shaken with 8 g of sodium hydroxide in 15 ml of water for

1 h, the reaction proceeded slowly. After two days' standing, the color of the precipitate, which
was bright-orange when filtered, on exposure to the air rapidly turned into dark-red. On the basis
of this observation and analysis the formula containing one mole of oxygen was assigned. Recrystal-
lization from 90 % ethanol yielded 32 g (61.1 % yield) of red crystals, ir 1590 e (conjugated
C=0). Anal. Fourd: C, 48.03; H, 6.24; Na, 10.11 %. Calcd. for 021H2003N32-7H20-02: C, 48.09;H, €.53;
Na, 8.77 %.

1, 5-Bis (2-hydroxy-3, 5-dimethylphenyl }-3-pentanone {XV}. Reduction of 16 g of XIV was effected with

1.7 g of 5 % palladium-charcoal in 200 ml of water under hydrogen atmosphere at 50°C to the absorp-
tion of 600 ml of hydrogen. The product was chromatographed through a colum packed with 300 ml of

silica gel. As a benzene elute a small amount of Id was detected but not isclated pure. XV was iso-
lated as ether-benzene (1 : 10) elute and recrystallized from benzene-heptane (1 : 3) to yield 1.63
g (16.6 % yield) vhite crystals having mp 14000; ir 1703 Cm_l (C=0); nmr 6=2.20 {1ZH, s, 4CHB), 2.82
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(8H, s, 4C[-12), 6.52 (ZH, s, OH), 6.79 (1H, s, Ar), 6.90 (3H, s, Ar}. Anal. Found: C, 77.52; H, 8.08
%. Caled. for C21H2603: C, 77.27; H, 8.03 %.

Compourkd XV was alsc obtained by the reaction of 6,8-dimethyl-3,4-dihydrocoumarin with boren tri-
bromide in the heptane solution at 100-110°C with 15.6 % yield. Crystals of XV obtained by this
method are golden-yellow colored!P 12

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

ladium—charcoal in 300 ml of acetic acid under hydrogen, on the absorption of 750 ml of hydrogen,
vielded 0.32 g (3.4 % yield) Id as a benzene elute and 1.57 g (15.6 % yield) of 1,5-bis(2-hydroxy-3,-

5-dimethylphenyl )-3-pentanol (XVI} as ether-benzene (1 : 5) elute. The latter on crystallization

from benzene-heptane (1 : 3) melted at 153°C%* Anal. Found: C, 76.66; H, 8.63 %. Calcd, for C.,.H

21
0531 G, 76.7%9; H, 8.53 %. Structure of XVI was confirmed by its conversion into triacetate. By re-

28~

fhxing 0.74 g of XVI with 0.45 g of fused sodium acetate and 50 ml of acetic anhydride for 2.5 h,
0.68 g (66.7 % yield) of triacetate was obtained. The crystals on crystallization from heptane melted
at. 71°C; ir 1735 and 1725 cen ! (ester C=0}; mmr 6=1.77 (2H, t J=6 Hz, CH

)
3 1
OCH), 6.80 (4H, s, Ar). Anal. Found: C, 71.18; H, 7.65 %. Galed. for CygHy,0;: C, 71.40; H, 7.54 %,

6,6',8,8'-Tetramethyl-2,2'-spircbichroman (Id) from XV. By the procedure described in the prepara-

50, 1.83 (H, t J-6 Hz, CR,),

2.00 (3H, s, COCHy), 2.03 (BH, s, 20H;), 2.23 (6H, s, 20Hy), 2.40 (4H, t J=6 Hz, CH,), 4.86 (1H, m,

tion of Ia, treatment 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°C; mmr §=1.91 (5H, s, CHy, CH, overlapped), 2.04

(3H, s, CHy), 2.20 (8H, s, 20Hy, O, overlapped), 2.64 (ZH, ddd J-2, 7 and 16 Hz, CH,), 6.67 (4H, s,

3 3 72

Ar). Anal. Found: C, 81.53; H, 7.84 %. Caled. for CpyHy,0,: C, 8L.78; H, 7.84 %.

Bis (2-hydroxy-5-methoxybenzyl idene Jacetone disodium salt hexahydrate (XXIT). According to the pro-

cedure described for the synthesis of XII, 75 ml of ethanolic solution of 22.2 g of 5-methoxysali-
cylaldehyde25 ard 4.3 g of acetone by treatment with 11.7 g of sodium hydroxide in 20 ml of water
yvielded, on recrystallization from ethanol-water (4 : 1), 21.5 g (61.6 7% yield) red crystals of XXII;
ir 1580 cm {C=(3). Anal. Found: C, 68.10; H, 5.76; Ma,9.71 %. Caled. for C19H1605Na2-6H20: C, 47.70;
H, 5.90; Ma, 9.61 %.

1,1'-Spirobichroman-6,6'—dicl dimethyl 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 7 palladiun—charcoal
at 50-55°C in the hydrogen atmosphere yielded 9 g of a resinous product which was dissolved in 30 ml
of etharol and treated with 45 ml of ethanol containing 6 ml of conc. sulfuric acid at 0°C for 1 h.
Chromatography of the product through a column packed with silica gel yielded 6.63 g (50.8 % yield) of
white crystals of If having mp 142°C as a benzene elute; mmr 6=1.96 (2H, td J=12.9, 12.9 and 6 Hz,
CHZ)’ 2.19 (2H, ddd J=12.9, 6 and 2 Hz, CHZ)’ 2.70 (2H, ddd J=16, 6 and 2 Hz, CHZ)’ 3.25 (2H, ddd
J=16, 12.9 and & Hz, CHZ)’ 3.74 (6H, s, OCHBJ, 6.64 (6H, d J=1,5 Hz, Ar), Anal. Found: C, 72.97; H,
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6.45 %. Caled. for G H,o0,: C, 73.06; H, 6.45 %

Rearrangement of 2,2'-spircbichroman (Ia) into 1,1'-spirobiindan-4,4'-diol (Ila). To a stirred re-

flixing (bath temperature 140°C) solution of 2.52 g of Ia in 40 ml of chlorobenzene was added 3.0 g
of powdered anhydrous aluminum chloride in a lot. Vigorous reaction occurred and in 10 min precipi-
tates separated. Stirring was continued for 1 h and the reaction mixture was cooled, treated with
50 ml of ice-water and extracted twice with ether-benzene (1 ; 1}. The combined organic layer was
washed with brine, dehydrated with sodium sulfate, evaporated and the residue was chromatographed
through a colum packed with 150 m! of silica gel. The first benzene elute containing 3,4-dihydro-
2,2'-gpiro[2H-chromene] (IIla) was evaporated and the residue was rechromatographed through silica
gel colum using benzene-heptane (1 : 1) as sclvent to isolate 0.71 g of crude Illa which on re-
crystallization from heptane yielded 0.60 g of white crystals having mp 90°C; mmr 6=1.95 (IH, dd
5, 2.30 (1H, ddd J=2, 6 and 14 Hz, CH,
3.18 (1H, dd J=6 and 14 Hz, CH,), 5.67 (1H, d J=9 Hz, =CH), 6.60 (1H, d J=9 Hz, =CH), 6.80 (8H, m,

J=6 and 14 Hz, CH), 2.24 (1M, ddd J=2, 6 and 14 Hz, CH s

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

From the second benzene elute fractions, on evaporation and crystallization of the residue £rom
benzene-heptaree (1 : 1), 1.03 g (35.5 % yield) of the clathrate compound of 1,1'-spirobiindan-4,4'-
diol (IIa) with benzene having mp 105°C was obtained; remr $=2.26 (4H, t J=7 Hz, CH2), 2.96 (4H, t
J=7 Hz, CH,), 4.78 (2H, s, OH), 6.58 (2H, d J=8 Hz, Ar), 6.70 (24, d J=8 Hz, Ar), 7.12 (2H, t J=8
Hz, Ar), 7.40 (3H, s, benzene, this absorption peak was not cbserved in the spectrum of debenzenized
sample). Anal. Found: C, 82.27; H, 6.59 %. Caled. for C17H1603-1/206H6: C, 82.44; H, 6.57 %. Deben-
zenization wae effected by heating at 110°C urder 25 mm Hg for 3 h to yield white crystals having mp
129-130°C. Anal. Found: C, 80.82; H, 6.36 %. Caled. for Cit0p €y B0.925 H, 6.36 %.

From the rapidly coming fractions of the ether-benzene (1 : 10) elute, on evaporation and crystal—
lization of the residue from benzene-heptane {1 : 3), was obtained white needles of 1-[2-{2-hydroxy-
phenyl Jethyl J-4-indanol (IV) having mp 108°C. The compound, however, was proved on the nmr spectrum
to centain heptane which was removed by heating at 110°C under 25 mm Hg for 3 h. The vield of de~
heptanized 1V having mp 138°C was 0.13 g (5.7 % yield). nmr 4=1.80 (1H, t J=4 Hz, Cﬂz), 1.94 {14, t
J=8 Hz, CHZJ, 2.34 (2H, m, CHZ)’ 2.76 (2H, t J=8 Hz, CHy), 2.84 (2, t J=8 Hz, CHy}, 3.20 (1, m,
CH), 4.70 (1H, s, OH), 4.78 (1H, s, OH), 6.90 (7H, m, Ar). Anal. Found: C, 79.72; H, 7.03 % M! 254,
Caled. for Cj;H, G050 C, 80.28; H, 7.13 %y My 254.

By the reaction of 2.50 g of Ta with 3.0 g of anhydrous alumimm chloride in 30 ml of chloroben-
zene solution at 100°C for 4 h, 0.63 g (25.5 % yield) of IIla and 0.09 g (3.4 % yield) of IV were

obtained.

Rearrangement of 6,6'-dichloro-2,2'-spirobichroman (Ib) into 7,7'-dichlore-1,1'-spirobiindan-4,4'-

dicl (IIb). By the reaction of 538 mg of Ib with 619 mg of anhydrous aluminum chloride in 40 ml of

—475—




chlorcbenzene solution at 135°C for 1 h and 1.143 g of Ib with 1.21 g of anhydrous aluminum chloride
in 20 ml of chlorobenzene solution at 100°C for 3 h, 129 mg (22.1 % yield) of ITb, 221 mg (38.1 %
yield) of IIIb and 440 mg (38.5 % yield) of IIb, 138 mg (12.2 % yield) of IITb, respectively, were
obtained. IIIb was obtained as the benzene elute on the silica gel colum chromatography of the re-
action product and was purified by rechromatography through a colum packed with silica gel using
benzene-heptane {1 : 1} as solvent followed by recrystallization €rom heptane. IIb was obtained as
the ether-benzene (1 : 10} elute and was recrystallized from benzene-heptane (1: 3). IIb: white
crystals having mp 193°C; mer §=2.29 (4H, t J=7 Bz, CH,), 2.93 (2H, t J-7 Hz, CH,), 2.99 (2, t J=7
Hz, CH,), 6.75 (2H, d J=8 Hz, Ar), 7.00 (2H, 4 J=8 Hz, Ar), 8.34 (2H, s, OH). Anal. Found: C, 63.80;
H, 4.40; C1, 21.46 %. Caled. for 017}{1402012: C, 63.57; H, 4.39; Cl, 22,08 %. LIIb: white crystals

having mp 177°C; nmr §=2.02 (IH, dd J=6 and 14 Hz, OW,), 2.32 (1H, dd J=6 and 2 Hz, CH,), 2.79 (I,

2 L

dd J=2 and 6 Hz, CH,), 3.25 (IH, dd J=6 and 14 Hz, CHZ)’ 5.77 (1H, d J=8 Hz, =CH), 6.56 (2H, d J=8

2
Hz, Ar), 6.72 (1H, d J=8 Hz, =CH}, 7.04 {2H, s, Ar), 7.08 (2H, d J=8 Hz, Ar). Anal. Found: C, 63.97;

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

Rearrangement of 6,6'—dimethyl-2,2'—spirobichroman (Ic) into 7,7'-dimethyl-1,1'-spirobiindan-é4,4'~

diol (IIc). When 2.10 g of Ic was treated with 2.38 g of anhydrous alumimum chloride in 30 ml of
chlorobenzene solution at 100°C for 2.6 h, o pouring the reaction mixture into ice water precipi-
tated white amorphous product which was filtered and crystallized from benzene-heptane (1 : 1) to
yield 1.22 g of Ilc having mp 219°C, granular crystals of slightly pinkish tint. The aqueous fil-
trate was extracted twice with ether-benzene (1 : 1), from which via routine procedure 0.16 g of IIc
was obtained. The total vield amounted to 65.8 %. o ¢=2,18 {2H, t J=8 iz, CHz), 2.28 (8H, s, 2 CH3,

CH.2 overlapped}, 2.76 (2H, t J=8 Hz, CH,), 2.84 (2H, t J<8 Hz, CH,), 4.36 (2H, s, OH), 6.08 (2H, d

2 2
J=8 Hz, Ar), 6.93 (2, d J=8 Hz, Ar). Anal. Found: C, 80.47; H, 7.19 %. Caled. for C gH,0,: C, 81.39;
H, 7.19 %.

Rearrangement of 6,6',8,8'-tetramethyl-2,2'-spirobichroman (Id) into 5,5',7,7'-tetramethyl-1,1'-

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

room temperature (ZOOC), was added 0.48 g of anhydrous alumimam chloride in a lot, when vigorous
exothermic reaction oceurred and the temperature of the reaction mixture temporarily rose to S0°C.
After stirring at room temperature for 1.5 h, the mixture was poured into ice water. Via a routine
procedure, the reaction product which was practically a mixture of two compounds, was chromato-
graphed through a colum packed with silica gel. From the benzene elute, 5',6,7',8-tetramethyl-
spiro[chroman-2,1'-indanj-4'-ol (VL) was isolated and recrystallized from benzene-heptane (1 : 5) to
give 0.037 g (10.1 % yield) of faintly yellow-colored crystals havirg mp 106°C?%; rmr 5-1.92 (7R, m,

CH,}, 2.14 (3H, s, GHy), 2.25 (6H, s, 2CH), 2.29 (SH, s, CH,, CH, overlapped), 2.76 (2H, t J=8 Hz,

3 XK
CH,), 2,84 (2H, t J=B Hz, CH,), 4.44 (IH, s, OH), 6.85 (1H, s, Ar), 6.89 (2H, s, AT). Anal. Found:
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G, 80.92; H, 8.23 %. Calcd. for C21H2402:

From the last benzene elute and ether-benzene (1 : 10} elute, IId was isclated and recrystallized

C, 81.78; H, 7.84 %.

from benzene-heptane (1 : 5) as 0.247 g (67.5 % yield) of white crystals having mp 185°C; rmr &=1.70

(6H, s, 2CHy), 2.20 (10H, s, 2CH,, 2CH, overlapped}, 2.96 (2H, t J=3 Hz, CH,), 3.00 (2H, dd J=4 and

2
12 He, CH,), 4.50 (2H, s, OH), 6.90 (2, s, Ar). Anal. Found: C, 81.20; H, 7.82 %. Caled. for Cy-
H’2402: C, 81.78; H, 7.84 7.

Reaction of 2,2'-spirobichroman {Iz) with hydrobromic acid — acetic acid. A solution of 1.01 g cf

Ia in a mixture of 120 ml of acetic acid and 20 ml of hydrobromic acid was heated at 95°C for 60 h.
The mixture was treated with 30 ml of water and evaporated at 60-70°C under reduced pressure to
vield 1.17 g of a residue which sotidified on standing. The residue was treated with water, filter—
ed, dried, dissolved in benzene and chromatographed through a colum packed with silica gel. As a
benzene elute 894 mg (88.5 %) of la was recovered and 18 mg (1.8 % yield) of 1Ia was obtained as an
ether-benzene (1 : 10) elute.

Reaction of 6,6'-dichloro-2,2'—spirobichroman (Ib) with hydrobromic acid - acetic acid. The reac-

tion of 0.6 g of Ib with a mixture of 12 ml of hydrobromic acid and 72 ml of acetic acid at 95°C
for 60 h as well as a reaction of 0.5 g of Ib with 15 ml of hydrobromic acid and 1.5 ml of hydro-
iodic acid in 20 ml of acetic acid at 140°%C for 16 h, resulted in complete recovery of the start-
ing material.

Reaction of 6,6'-dimethyl-2,2'-spircbichroman (Ic) with hydrobromic acid - acetic acid. A mixture

of 520 mg of Ic, 10 ml of hydrobromic acid and 60 ml of acetic acid was heated at 95°C for 60 h.
The reaction mixture was poured inte 300 ml of water. The precipitate, which was filtered, weighed
465 mg. The filtrate was evaporated to yield 76 mg of a residue. The combined product was dissclved
in benzene and chromatographed through a colum packed with silica gel. On rechromatography of the
benizene elute, 302 mg (58.1 %) of Ic was recovered as a benzene-heptane (1 : 1) elute and following
Ic 31 mg (6.0 % yield) of 6,6'-dirmethyl-3,4-dihydro-2,2'-spiro [Z-chromenel (IIlc) was eluted ard
was recrystallized from hexane, mp 87°C; tmr 6=2.06 (1H, td J=6, 14 and 14 Hz, CHZ)’ 2.36 (3H, s,
CH3), 2.38 (3, s, CH3), 2.66 (1H, ddd J=3, 6 and 14 Hz, CHy, partly overlie CH3 signal), 2.90 (1H,
ddd J=3, 6 and 16 Hz, CH,), 3.42 (1M, ddd J=6, 14 and 16 Hz, CH,), 6.01 (1H, d J=10 Hz, =CH), 6.8
(2H, 4 J=8 Hz, Ar), 7.06 (1H, d J=10 Hz, =CH}, 7.21 (2H, s, Ar), 7.22 (2H, d J=8 Hz, Ar). Anal.
Foud: €, 81.92; H, 6.60 %. Calcd. for CIQHISOZ: C, B1.98; H, 6.32 %. As the ether-benzene (1 : 1)
elute, 56 mg (10.8 % yield) of IIc was obtaiued as crystals having mp 217°C,

Reaction of Ic with hydrobromic acid - hydroicdic acid - acetic acid. A mixture of 0.7 g of Ig, 21

ml of hydrobromic acid, 2 ml of hydroiodic acid and 42 ml of acetic acid, was reflixed at 140°C for
16 h. The reaction mixture, on cooling, was poured into 300 ml water, The precipitate was filtered,

dried, and extracted eshaustively with benzene-heptane (1 : 5) to yield 260 mg of the extract.
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The aqueous filtrate was evaporated up te vield 47 mg of a residue which was combined with 260 mg
of the extract and chromatographed to afford 107 mg (15.3 % yield) of IIc and 21 mg (3 % vield) of
Illc.

Reaction of 6,6',8,8'-tetramethyl-2,2'-spirobichroman (Id) with hydrobromic acid - acetic acid. A

mixture of 640 mg of Id, 96 ml of acetic acid and 12 ml of hydrobromic acid, was heated at 95°C for
52 h. By a precedure deseribed in the reaction of Ie, 398 mg (62.2 7, yield) of IId having mp 183°C
was obtained.

Reaction of 2,2'-spirobichroman—6,6'-diol dimethyl ether (If) with hydrobromic acid — acetic acid.

A mixture of 965 mg of If, 12 ml of hydrobromic acid and 70 ml of acetic acid was heated at 807
for 4 h. The reaction mixture was treated with 20 ml of water, evaporated to dryness at 60-70°C
urder reduced pressure. The residue was dissolved in benzene and chromatographed through a colum
packad with silica gel. Fraction I. From benzene elute, 278 mg (28,8 %) of If was vecovered. Frac-
tion IT. From ether-benzene (1 : 10) elute was isolated 2,2'-spirobichroman-6,6'-dicl monomethyl
ether (Ig), which on recrystallization from benzene-heptane (1 : 5), melted at 152°C, 236 mg (25.6
% yield); mow 6=1.93 (2H, td J=6, 13 and 13 Hz, CH,), 2.18 (2H, dd J=6 and 13 Hz, CH,}, 2.68 (IH,
td J=6.5, 6.5 and 20 Hz, CHZ}, 2.69 (1H, td J=6.5, 6.5 and 20 Hz, CH2), 3.22 (2H, ddd J=6.5, 13 ard
20 Hz, CH,), 3.74 (3H, s, CHy), &.50 (1, s, OH), 6.52 (iH, dd J-8.5 and 2.4 Hz, Ar), 6.56 (2H, d
J=8.5 He, Ar), 6.59 (1H, dd J=8.5 and 2.4 Hz, Ar}, 6.64 (2H, s, Ar). Anal. Found: C, 72.25; H, 6.10
%. Caled. for C,.H. 0,: C, 72.46; H, 6.08 %. Fraction III. From ether-benzene (1 : 5} elute was ob—

181874"
tained 100 mg (11.3 % yield) of 2,2'-spirobichroman-6,6'-diol (Iez)?7

which on recrystallization from
benzene melted at 224°C; rmr §=1.90 (2H, td J=6, 13 and 13 Hz, CHZ), 2.14 (2H, ddd J=2.4, 6 and 13
Hz, (IHQJ, 2.63 (ZH, ddd J=2.4, 6 and 16 Hz, CHZ), 3.13 (28, ddd J=6, 13 and 16 Hz, CHZ), 6.48 (H, 4
J=8.4 Hz, Ar), 6.53 (2H, dd J=2 and 8.4 Hz, Ar), 6.59 {2H, 4 J=2 Hz, Ar), 7.80 (ZH, s, OH). Anal.
Fournd: C, 71.82; H, 5.59 %. Caled. for C17H1604: C, 71.82; H, 5.67 %. Fraction IV. From ether-ben-
zene (2 : 3) elute was isolated 31 mg (3.5 % yield) of 1,1'-spirobiindan-4,4',7,7'-tetrol (Ile),
which on recrystallization from benzene yielded colorless crystals having mp 234°C; tmr [(CDB)ZSO]
§=2.08 (2H, t J=5 Hz, CHZ)’ 2.20 (2R, t J=8 Hz, CHZ)’ 2,80 (2H, t J=8 Hz, CHZ)’ 2.92 (2H, t J=5 Hz,

CH,y), 6.36 (2, d J=8 Hz, Ar), 6.44 (2H, d J-8 Hz, Ar), 7.9 (2H, s, OH), 8.40 (2H, s, OH broad); w

EtCH
max

%. Caled. for C

mm {log e): 201.5 (5.32), 277 (sh 4.60), 291 (4.32), 368 (2.72). Anal. Found: C, 71.60; H, 5.63

C, 71.82; H, 5.67 %. By crystallization of IIe from ether-benzene (1 : 5) in
EcOH
max

1741604
the ambient atmosphere, deep blue crystals of its dihydrate having mp 232°C were isolated; uv A

m (log ¢}: 216 (sh 4.42), 259 (3.81), 266 (3.82), 292 (4.07), 361 (2.49), 530 ( reflectance). Anal

Foured: C, 62.65; H, 6.13 %. Caled. for C 21-[20 C, 63.74; H, 6.29 %. Dehydration of Ile di-

17 16 4
hydrate was effected by heating at 110°C under reduced pressure far 1 h.

By a reaction of 799 mg of If with 10 ml of hydrobromic acid and 55 ml of acetic acid at 80°C for
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40 h, 72 mg (9.9 % yield) of Te and 297 mg (40.8 % yield) of IIe were obtained, while by the reac-
tion of 1 g of If with 12 ml of hydrobromic acid and 60 ml of acetic acid at 35°C for 14 h, 26 mg
(2.8 % yield) of Ie, 144 mg (15.8 % yield) of 1le and 504 mg (48.9 % yield) of Ile dihydrate were
obtained. In these operations, portions of the products which were insoluble in benzene were dis-
solved in either ether-benzene (1 : 5) or (2 : 3) and chromatographed.

3- (2-Hydroxy-5-methylphenyl )-1, 1-dimethyl propan-1-0l (XVII). A sclution of 16.18 g (0.1 M) of &

methyl-3,4-dihydrocoumarin in 100 ml of THF was added to 250 ml of THF solution containing 0.25 M
methylmagnesium bromide in 1 h, followed by refluxing for 2 h under argon atmosphere. The reaction
mixture was cocled, treated with 75 ml of 15 % hydrochloric acid, extracted three times with 150 ml
of benzene and the combined organic layer was treated with brine, dehydrated over sodium sulfate

ardl evaperated. The residual reddish solid was dissolved in benzene and chromatographed through a
colum packed with silica gel. Most of the by-product (10.4 g) was eluted with ether-benzene (1 : 5).
XVIT was eluted with ethancl-benzene (1 : 3) and was recrystallized from benzene, 6.44 g (33.2 %
yield), mp 100-102°C; rmr 6=1.29 (6H, s, 2CH3), 1.78 (2H, t J=7.3 Hz, CHZ), 2,22 (1H, s, OH broad),

2.24 (3, s, CHy), 2.68 (M, t J=7.3 Hz, CH,), 6.73 (1H, d J-8 Hz, Ar), 6.80 (1H, s, OH broad), 6.88

vi
(1H, d J-8 Hz, Ar). Anal. Found: C, 73.98; H, 9.21 %. Caled. for CjH;0,: C, 74.19; H, 9.34 %.

3,4-Dihydro-2,2, 6-trimethyl-2H-1-benzopyran (XVITT)™> A solution of 5.99 g of XVIL and 0.65 g of p-

toluenesul fonic acid in 150 ml of benzene was refluxed for 22 h while azectropically distilling
water off from the reaction mixture. The benzene solution, on cooling, was washed with water, dried
over sodium sulfate, evaporated and distilled. XVIII was obtained as colorless oil (4.64 g; 78 %
yleld), bp 85-89°C/4 mm Hg. Satisfactory analytical and nmr results were obtained.

Reaction of XVIII with aluminum chloride. To a seolution of 1 g of XVIII in 30 ml of chlorcbenzene

being stirred at 55°C, was added 1.02 g of anhydrous alumimem chloride in a lot. The color of the
solution changed into blue-green which in 10 min faded and tirned to red. Stirring was continued
for 1 h at the temperature. By the ordinary procedure, 1.02 g of an oil, which solidified on stand-
ing, was obtained and chromatographed through a colum packed with silica gel. 2,3-Dihydro-1,1,7-
trimethyl-1H-inden-4-ol (V) was obtained as benzene elute and was recrystallized from aquecus meth—
anol, 0.85 g [85.6 % yield), mp 76°C; mr &=1.34 (6H, s, 2CH3), 1.93 (2H, t J=7.3 Hz, CHZ)’ 2.3

(3, s, GHy), 2.76 (2H, £ J=7.3 He, CHy), 4.43 (18, s, OH), 6.55 (1H, d J=8 Hz, AT}, 6.81 (1H, d J-8

2
Hz, Ar). Anal. Found: C, 81.71; H, 9.09 %. Caled. for G H, 0: C, 81.77; H, 9.07 %. As a by-product
eluted by benzene-heptare (1 : 3), was obtained 31 mg (1.9 % yield) of 4~ (2-hydroxy-5-methylphenyl)-

2-{4~chlorophenyl )-2-methylbutane as a resinous oil; mmr 6=1.36 (6H, s, 2CH,), 1.87 (1H, dd J=2 and

3
4.8 Hz, CHy), 1.90 (1, t J=2 Hz, CH,), 2.22 (SH, 5, CHy, G, overlapped), 4.40 (1H, s, OH), 6.60 (1H,
d J=8 Hz, Ar), 6.82 (1H, s, Ar), 6.84 (1M, d J=8 Hz, Ar), 7.28 (2H, d J=8 Hz, Ar), 7.31 (24, d J=§

He, Ar). Anal. Found: C, 75.47; H, 7.86 %. Calcd. for CygH, OCL: €, 74.85; H, 7.33 %
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Reaction of 2,4-xylenpl 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-toluenesulfonic acid in 150 ml of benzene was refluxed for 3 h while azeo—
tropically distilling off water from the reaction mixture. The top of the reflux condenser was con-
nected to a series of two wash bottles each containing a solution of 10 g of bromine in 30 ml of
chloroform. The reaction mixture was cooled, washed with water, dried over sodium sulfate, evaporat—
ed and chromatographed through a colum packed with silica gel. As benzene elutes, 5.57 g (25.8 %
yield) of 2,4-dimethyl-6-tert-butyiphenol (XXII} having bp 104-105°C/1 mm Hg was obtained together
with 83 mg of 4-methyl-2-tert-butylphencl having bp 95-100°C (bath)/2 mm Hg as the sole by-product
derived from 2,4-xylencl. From the wash bottles, the solvent and bromine were purged off and the
residue (1.84 g) was distilled to yield 0.72 g of 1,2—dibromo-2-methylpropane (XXII1) having bp 50—
55°%C/25 mm Hg and 0.49 g of 1,2,3-tribromo-2-methylpropane (XXIV) having bp 105-110°C/25 m Hg.
When a solution of the same amounts of the reagents described above was refluxed without distilling
water off, 1.02 g (4.7 % yield) of XXII, 4.53 g (16.1 % yield) of XXIII and 3.24 g (8.4 7 yield) of
¥XIV were obtained. Water formed in the reaction accelerates the dehydration reaction.

Bis (2-methoxy-5-methylbenzylidene Jacetone (dimethyl ether of XII). Prepared by refluxing a solution

of 100 g of XIT, 2.94 g of sodium hydroxide and 135 g of methyl icdide in 1.2 I of ethancl for 6 h.
On recrystallization from methanol, XII dimethyl ether melted at 119°C, yield 61.54 g (88.7 %); ir

1570 (C=0), 1260 cm

(OGH,); omr 62,30 (6H, s, CH,), 3.88 (BH, s, OCH,), 6.84 {2H, d J=8 Hz, Ar),
7.16 (2H,d J=16 Hz, =CH), 7.18 (2H, dd J=2 and 8 Hz, Ar), 7.44 (2H, d J=2 Hz, Ar), 8.60 (ZH, d J=16
Kz, Ar). Anal. Found: C, 78.16; H, 6.93 %. Caled. for C,Hy,04: C, 78.23; H, 6.88 %

1,5-Bis (Z-methoxy-5-methylphenyl )-3pentanone (XX). Hydrogenation of 12 g of dimethyl ether of XII,

was effected in the acetone solution (150 ml) containing 1 g of 5 % palladium—charcoal at 30°C in 6
h. On chromatography of the product through a celum packed with silica gel, 8.7 g (71.2 % yield) of
XX was obtained as ether-benzene (1 : 10) elute, and was recrystallized from methancl, mp 62°C; ir

1

1710 om * (G=0); mw 6-2.26 (6H, s, 2GHy), 2.74 (4H, t J=6 Hz, CH,), 2.87 (4H, t J=6 Hz, CH,), 3.80

2
(6H, s, OCH3), 7.04 (2H, d J=8 Hz, Ar), 7.00 (2H, s, Ar, overlapped), 7.80 (2H, d J=8 Hz, Ar). Anal.
Found: C, 77.22; H, 8.05 %. Caled. for C21H2603: C, 77.27; H, 8.03 %. As a by-product, 1,5-bis{(2-
methoxy-5-methylphenyl )-3-pentanol having mp 101°C was obtained, yield 0.31 g (2.5 %); mr 6=1.78
(4H, dt J=6, 8 and B Hz, CHZ)’ 2,28 (eH, s, 2CH3], 2.75 (4H, t J=8 Hz, CHZ), 3.46 (1H, quin J=6 Hz,
CH}, 3.83 {(eH, s, OCHS), 6.70 (2H, & J=8 Hz, Ar), 6.95 (2H, Ar, overlapped), 7.00 (2H, d J=8 Hz, Ar).
Anal. Found: C, 76.64; H, 8.68 %. Calcd. for 021H2803: C, 76.79; H, 8.58 %.

7,7'-Dimethyl-1,1"-spirobiindan-4,4'-diol dimethyl ether (XXL). 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 starmic chloride
ard refluxed for 10 h. On the addition of amother 1 g of starmic chloride, refluxing was continued

for further 20 h. After the ordinary workup, the purple reaction product was chromatographed through
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a colum packed with 130 g of alumina to yield 2.03 g of benzenme elute which was rechromatographed
through a colum packed with silica pel. Pure XXI was obtained as a hexane elute and recrystallized
from hexane to yield 1.32 g (51.6 % yield) of white crystals having mp 143°C; mmr 6=1.76 (6H, s, 2

CHy), 2.13 (2, t J=9 Hz, CH)}, 2.19 (2, dd J-4 and 9 Hz, CH,), 2.92 (2H, t J=0 Hz, CH,), 2.98 (2

3
H, dd J=4 and 9 Hz, CHZ)’ 3.83 (eH, s, 20CH

2
y)s 6.62 (2H, d J-8 Hz, Ar), 6.88 (2H, d J-8 Hz, Ar).
Anal. Found: C, 81.65; N, 7.84 %. Caled. for C, My 0y C, BL.78; H, 7.84 %.

Conversion of XXI intc ITc., A mixture of 2.03 g of XXI, 25 ml of hydrobromic acid, 2 ml of hydro-

iodic acid and 35 ml of acetic acid was refluxed for 30 h. After cooling, the whole mixture was
poured into 200 mL of water to yield 1.75 g of precipitate which together with the evaporation res—
idue of the filtrate was chromatographed. The yield of pure Ilc was 1.15 g (62.2 %). Diacetate of
1Ic was prepared by heating 163 mg of IT1c, 3 ml of pyridine and 1 mil of acetic anhydride at 100°C
for 4.5 h. The yield of white crystals of the diacetate having mp 168°%C, was 121 mg (57.1 %)} ir

1760 cm L

(C=0). Apal. Fourd: C, 753.30; H, 6.70 %; M 364. Caled. for C23H2404: C, 75.80; H, 6.64 %;
Mt 364,

Cptical resolution of 7,7'-dimethyl-1,1'-spirobiindan—4,4'-ylene di-{(+}-(N-1-phenylethyl Jcarbamate.

A solution of 2 g of IIc, 1 drop of pyridine and 5 ml of (+)-1-phenylethyl isocyanate in 50 ml of
toluene was refluxed for 46 h. After evaporation of the solvent, remained resinous mass which on
trituration with 50 ml of benzene sodidified. The precipitate was filtered and recrystallized from
benzene-heptane (1 : 5) to yleld 1.26 g white crystals of §-Ilc di-{(+)-{N-1-phenylethyl Jcarbamate
(XXV) having mp 152°%; [rx]é5 -26° (ELOH, ¢ = 0.55); ir 1720 cm & (C=0); mmr 6=1.60 (6l, d J=8 Hz,

20H,), 1.80 (6H, s, 2CH,), 2.19 (2, t J-10 Hz, CH,), 2.22 (ZH, t J=4 Hz, GH,), 2.76 (2H, dd J=4

3 )

and 10 Hz, CHy), 2.98 (2H, dd J=4 and 10 Hz, CH,), 5.00 (24, q J=8 Hz, GH), 5.32 (2H, s, NH), 6.%

(4H, s, Ar), 7.44 (10H, s, Ar). Anal. Found: C, 77.49; H, 6.71; N, 5.04 %. Calcd. for C37H3804N2:
C, 77.32; H, 6.67; N, 4.87 7. The benzene filtrate was chromatographed through a colum packed with
400 ml of silica gel. From the ether-benzene (1 : 20)elute, 1.43 g (35 % yield) of R-1Ic di-{+}-
(N-1-phenylethyl Jcarbamate (XXVI) was obtained. On recrystallization from benzene-heptane (1 : 5)
it melted at 104°C. Its ir and nmr spectra were identical with those of XXV. [0!]1%5 -118° (FtOH,

¢ = 0.45). Anal. Found: C, 78.17; H, 6.75; N, 4.56 %. Caled. for CyH, C, 77.32; H, 6.67; K,

804N2:
4.87 %. From ether-benzene (1 : 10) elute, 0.13 g of XXV was isclated. The total yield of XXV a-
mounted to 1.3% g (34 %).

Isolation of S-IIc by the hydrolysis of X{V. A solution of 0.3 g of XXV, 1.5 g of potassium hydrox-

ide ard a drop of water in 15 ml of ethanol was refluxed for 10 h. After cooling, the solution was
decanted from sodium carbonate, acidified with hydrochloric acid and the mixture containing some
crystals was evaporated to yleld 176 mg of precipitate from which on recrystallization 141 mg (57.8

% yield ) of $-IIc having mp 194°C was obtained; [a11° +62° (EXOH, ¢ = 0.56), +263° (dioxame, c =
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0.13); cd 236.5 om (dioxane, e +31.1}; high performance liquid chromatography, retention time 9 min

{Chiralpak OT(+) colum 4.6 x 250 mm, flow rate 0.5 ml/min, uv detector at 254 rm); uv nm (log e},

206 (4.9), 228 (sh, 4.5), 277 (3.5}, 283.5 (3.5). Anal. Found: C, 80.60; H, 7.22 %. Calcd. for Clg—

HyOp: C, 81.39; H, 7.19 %.

Isolation of R-TIc by the hydrolysis of XXVI. According to the procedure described above, 0.5 g of
] 15
D

XWVI yielded 152 mg (62.3 % yield) of R-1Ic having mp 194°C; [a] 2 —67° (EtoH, ¢ = 0.55), -280°
{dioxane, ¢ = 0.13); cd 237 rm (dioxane, ¢ -26.7); high performance liquid chromatography, retention

time 9.7 min. Anal. Found: C, 80.71; H, 7.23 %. Caled. for ClQH'ZOOZ: C, 81.39; H, 7.19 %.
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