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Because of the relatively low amount of dipentene forliied (approxilnately 2%) quantities of cis- and 
trans-ocimene can be prepared as  described and can be distilled pure. (See Fig. 1 for a comparison of the 
vapor phase chromatographic curves of the dehydration and pyrolysis.) 
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FIG. 1. Gas-liquid chromatographic comparison of the eliminatio~~ reactions. 

Dehydration of Linalool 
11 mixture of 175 g KHSOI (analytical grade) and 3 000 g linalool (99% pure as  indicated by vapor phase 

chromatography) was heated and stirred a t  128-160 "C liquid temperature, under a vacuum of 150 mnl 
Hg, in a flaslc fitted with a thermometer, stirrer, and 6 inch distillation column. I n  this manner, 2 715 g of 
oil and 278 g of water were collected. The oil was fractionated via a 28 inch P.P. columl~; the ocimene-rich 
section, b.p. 70-72 "C a t  60 mm Hg, nnZ0 1.478, amounted to 773 g and had the ai~alysis shown in Table t. 

1. Y. R. S a v e s  and P TULLI':~. Helv. Chim Xcta, 43, 1619 (1960), 44, 316 (1061). 
2. H. FARKOU' and F. POI<SCH. Dragoco Rept. 8, 75 (1961). 
3. J. \VOLISSI<Y, B. CHOLLAR, and &I. D. B ~ I R D .  1. Am. Chem. Soc. 84, 2773 (1962). 

SYNTIlESIS OF CHLORINATED 2-(3-BENZ0FURANYL)PHENOLS 

An interest in o-hydroxybenzophenones prompted us to repeat the reaction of 
~,~-dichloro-oc,cr-bis(3,~-dichloro-2-11ydroxyphe11yl)etl~ane with potassiuln hydroxide in 
refluxing ~nethanol, which \\.as reported by Riemschneider and his co-workers (1) to 
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yield 2,2'-dihydro~y-3,3',5,5~-tetrachlorobenzophenone (I). The product we obtained (A) 
coilformed with that of Riemschneider with respect to melting point and the melting points 
of its acetate and its illethyl ether. I-Iowever, the analytical and spectroscopic data led 
us to conclude that the product A is actually 2-(5,7-dichloro-3-benzofuran5~1)-4,6- 
dichlorophenol (I Ia). 

TI  lvlr R=R':CI T'a R=CH2C02C2H5 
 IT^ R=H, R'=CI T'b R=CH2C02H 

The folio\\-ing evidence led us to  the conclusion that A has structure IIa and not 
structure I .  

(i) The analytical data for the experiinental product A and its acetate and inethyl ether 
are in good agreement with those for IIa and its derivatives; they do not agree \\-ith those 
for I and its derivatives. Rieinschneider and his co-workers ( I )  found a percentage chlorine 
for X close to the calculated value for I ,  but since IIa has a similar percentage chlorine, 
this analytical data n,ill not distinguish between the two structures. 

(ii) 'I'he nuclear magnetic resonance spectrum of the acetate of A had pealts a t  7.89 T 
(singlet, 3H), 2.61 T (doublet, 2H), 2.49 7 (triplet, 2H), and 2.22 T (singlet, 11-1). On the 
basis of the acetate of structure IIa these pealts may be assigned, respectively, to an 
acetate CI-11, benzene H's, benzene H's, and the I3 on the a-carbon of the furan ring. 
The diacetate of structure I ~vould be expected to show pealts for six acetate H's and four 
benzene I-I's, and no other peaks. 

(iii) The ultraviolet spectrum of A showed A,,, 296, 287, and 253 inp, but there mas no 
absorption in the region 325-450 n ~ p  where o-hydroxybenzophenones have been reported 
(2) to show a strong absorptioil maximum. In corroboration of this, a sample of 5,5'- 
dichloro-2,2'-dihydroxybenzophenone (3) had A,,, 344, 259, and 223 inp. (Attempts to 
synthesize 2,2'-dihydroxy-3,3',5,5'-tetrachlorobenzophenone by the unainbiguous route 
(3) used to  synthesize 5,5'-dichloro-2,2'-dihydroxybenzophenone were not successful.) 

(iv) The infrared spectrum of A had absorption bands a t  1 610 and 1 582 cm-' but only 
of medium intensity, and a sharp band in the 01-1 stretching region a t  3 500 cm-I suggestive 
of an unchelated phenolic hydroxyl group. In contrast, 5,s'-dichloro-2,2'-dihydroxy- 
benzophenone had an intense, broad band a t  1 630 - 1 615 cm-I (both the position and 
intensity being typical of chelated o-hydroxyphenyl ketones (4)), and a broad hydroxyl 
peak a t  3 340 cnl-l. 

When the literature was now checked for references concerning the synthesis of 
2-(3-benzofuranyl)phenols, it was found that  Rien~schneider and Lange ( 5 )  had reported 
recently that treatment of a,a-bis(3,5-dichloro-2-hydroxyphenyl)-~,~,~-trichloroethai~e 
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lvith refluxing aqueous potassium hydroxide gave the potassiu~n salt of 4,B-dicliloro-2- 
(2,!j,7-trichlor0-3-benzofuranyl)phenol (111). I-Io~vever, in their report, 110 mention mas 
made of previous reactions of this kind. 

One other relevant synthesis of 2-(3-benzofurany1)plieilols was noted. Dischendorfer 
(6) had reported that treatment of the inner acetal of bis(2-liydroxy-1-naplithyl)acet- 
aldehyde with hot alcoholic sodium hydroxide, or with acetic acid containing hydrochloric 
acid, gave 4-(2-l~ydroxy-l-naphthyl)naphtl~o[2/,1',2,3]furan. NOW, in the origiilal paper 
which prompted our investigation, Rie~nsch~ieider (I)  had reported that the phenolic 
product A mentioned previously could also be obtained by treatment of the inner acetal 
of bis(3,5-dichloro-2-1iydroxyphenyl)acetaldehyde (IVa) with either hot alcoliolic 
potassium hydroxide or hot 10% sulfuric acid. Our proposal that the phenolic product A 
has the structure IIa thus inakes the reactions of the acetal Ilia with acid or base analogous 
to the reactions described by Dischendorfer (6). The inner acetal Ilia was obtained by 
treating ~,~-dichloro-oc,oi-bis(3,5-dicl1loro-2-hydroxyphenyl)ethane with cold alcohoIic 
potassiuin hydroxide (1). The acetal may thus be considered a possible intermediate in the 
reactioii of this dichloroethane compound n~itti hot alcoholic potassium hydroxide, wliicll 
leads directly to I Ia. 

Since IIa could not be prepared by the una~nbiguous route of :\Ioshfegli et al. (3), i t  \\;as 
of interest to determine the effect of hot alcoholic potassiuill hydroxide on the k~lowll 
acetal IV2, ( I ) ,  since the product froiii this reaction could be co~npared directly \vith the 
available 5,5'-dicliloro-2,2'-diliydroxybenzopheno~e. The benzophenone was not obtained 
fro111 this reaction; the product (B) ~vhich was obtained is considered to be the benzo- 
furanyl phenol IIb, on the basis of analytical and spectroscopic data (see Experimental 
section). The structure of 112, was proven by tlie independent synthesis of tlie carbethoxy- 
methyl ether in the follo~\iing fashion, the method of approach being modelled on tlie \\-orl< 
of Johnson and Robertson (7) : 

The reaction of 5,s'-dichloro-2,2'-dihydroxybenzophenoii (3) wit11 ethyl bronloacetate 
gave the diester Va, which was converted readily into the diacid \/b. Ring closure of 1.2, 
was effected by heating the diacid in acetic anhydride containing sod iu~ i~  acetate. 'rile 
crude product from the ring closure, apparently a mixture of anhydride and acid ( V  1 850 
and 1 780 cm-', ~vith a pro~ninent shoulder a t  1 7.50 cm-I), \\.as converted directly into the 
desired ethyl ester by refluxing in ethylene chloride containing ethanol and a trace of 
toluenesulfonic acid. The ethyl ester VI so obtained \\-as identical (by mixecl melting point 
and infrared spectrum) \\;it11 the product obtained by treating the experiniental product 13 
\vith ethyl broinoacetate. 

The reactions of acetals such as I\;a with acids to yield en01 ethers, of \vhich IIa would 
be a special type, are well l<no\vn (10). I-Iolvever, the reactions of acetals nritli bases, as 
exe~llplified by the transformation I17a -. I I a  (as the potassium salt), secnis inore unusual, 
since acetals are generally considered not to react with bases. Soi11e ethers have been 
reported to undergo E2-type elimination reactions in the presence of strong bases such as 
NaPh in aprotic solvents ( l l ) ,  but the types of base and solvent are quite different from 
the reagents elnployed in the reactions under consideration here. I t  is suggested that a 
possible mechanism for these base-acetal reactions is a normal E2 elimination process, 
which would be favored in this type of acetal by tlie follouring characteristics: the toll- 

siderable acidity of the P-hydrogen, the stabilization of the incipient double bond by the 
benzofuran system being formed, the ease of acconlmodation of tlie negative charge 011 the 
leaving plienoxide ion, and the favorable geometry. By analogy to the physostigiiiine 
ring systenl (12)) the ring fusion bet\veen the t\vo dihydrofuran rings in acetals such as I\u 
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NOTES 1095 

is probably cis. Thus the 0-hydrogen and the acetal oxygen would be in a trans relationship 
to  each other, favorable for an  E 2  elimination to occur. 

Further 11-orl; on the reaction of these types of acetals \\-it11 base is in progress. This \\-ill 
include attempts to  distinguish between the E 2  elimi~latio~l process and the alternative 
Elcb process. 

EXPERIMENTAL 

, . 'The infrared spectra were all recorded as  Xujol mulls. Tlie ultraviolet spectra were rneasurcd in methanol. 
1 he nuclear rnaglictic resonarice spectra were all talcen in carbon tetrachloride, w i t l~  tetraniethylsilane as 
internal stai~dard. Melting points arc u~icorrected. 

lienclio?~ uf ~,B-Dicltlu~o-cr,cr-bis(3,5-diclzloro-2-Izyd~oxyplze~1yl)elI~~1~~e .ijill~ Polnssi~~cnz I5ydro.vide in  Ref i~s i?~g 
JIelltnnol 

This reaction tvas carried out as described by the previous authors (I).  The product obtained (:\) had 
111.p. 185-lSiC (reported (1) m.p. 185-156"). 

A~ial.  Calcd. for C131-IsCljOa (I):  C, 44.40; 1-1, 1.72. Calcd. for CI.~MGCI,IO? (110): C, 4S.31; I-I, 1.73. 1;ollnd: 
C, 48.16; 1-1, 1.S3. 

The acetate of A had m.p. 128.5-130.5" (reported (1) m.p. 126"). 
Anal. Calcd. for Cl;HloCl.lOj (diacetate of I ) :  C, 46.9; 11, 2.31; nlol. wt. 436. Calcd. for C,,I-l,C1.,O3 

(acetate of [In): C, 49.26; FI, 2.06; mol. wt. 390. Found: C ,  40.37; 1-1, 2.21; mol. wt. 402. 
'The methyl ctherof r\ had m.p. 107.5-108.5" (reported (1) m.p. 107"). 
Anal. Calcd. for C~jHInC1.103 (dimethyl ether of I):  C, 47.4; 1-1, 2.65. Calcd. for CIJI-ISCI.IO? (~liethyl cthcr 

of 110): C,19.S,l-I ,2.22.1~0utld:  C,49.6;H,2.40.  
The nuclear ~nagnetic resonance spectrum of thc methyl ether of :\ shelved pcalis a t  6.40 T (singlet, 31-I), 

2.57 7 (rl~ultiplet, 31-I), 2.41 7 (doublet, 11-I), and 1.97 7 (singlet, l t l ) .  On the basis of the methyl ether of l la ,  
these peaks were assigned, respectively, to a methoxy CH3, benzene I-I's, a benzene 1-1, and the 1-1 OIL the 
0-carbon of the illran ring. 

lieaclio?~ of Il~e In?tei Acelal I Vb 'icillz PU~USSZZI~II Hydio.vide (I-'i.eparntho?t clf  B) 
The inner acetal 1L'b was prepared as  described by previous authors (1). The acetal (0.554 g) in ethylene 

glycol (9.0 g )  containi~ig potassium h).tlroxide (1 g) was hcatcd a t  100-115° for 3 h with occasional swirliirg. 
l'he resultant cle;~r yellow solution was cooled and diluted with watcr (30 1111), and the solution was filtered. 
The filtrate was acidified with hydrochloric acid and the resultarit oil extracted with berlzerie. The benzene 
solution was washed three times with water, and then li1111 evi~poratcd to remove bcrlzei~e and moisture. Thc 
residue was a viscous oil (0.586 g) that crystallized to a product of 111.p. S0-92°. Recrystallization fro111 
?z-hexane gave prisms, 111.p. 89-91°, but further crystallizations from ?z-hesane gave needles, 111.p. 109.5-110' 
(B). The compound had the fo1lou:ing ~lltraviolet spectrum: A,,, 203 (s S 200i, 285 (s 7 400), 2GO (E  12 SOO), 
254 ( e  15 OOO), 24s (s 14 950), and 242 mp (s 15 800) ; A,,,,,, 289 (s 6 900), 278 (s 6 490), 2.59 ( s  12 :300), 252 
(s 13 SOO), arid 246 111p (E  14 000). The general shape of this spectruril ~ v a s  similar to that of the spcctrum of 
1 In. Tlie infrared spectrunl showed peaks a t  1 619, l  600, 1 580, and 3 520 crn--l, all of ~nedium intensity. 

.<\rial. Calcd. for Cl.tH80aCl? ([Ib):  C, 60.23; I-l,2.SS. ITound: C, G0.46; 1-1, 3.13. 
The acetate \\?as prepared by reflusing product B for 3 h in acetic arlhydride containing sodium acetate. 

The acetate of B had m.p. 119-120"; the nuclear magnetic resonance spectrum of the acetate had peaks a t  
S.04 T (singlet, 311), 2.41-2.95 T (rn~~ltiplet ,  61-I), and 2.31 7 (sii~glet, 11-I), assig~ied, respectively, on the basis 
of the acetate of IIb, to ali acetate Cl-Is, benzene I-I's, and the M on the u-carbon of the furan ring. 

-L\~ial. Calcd. for CIGH1~O3Cla (acetate of IIb): C, 59.8; I-I, 3.14. Found: C, 50.6; 11, 3.16. 
The carbethosy~neth~l  ether of B was   re pared by the same method as  \\,as used to prepare \'a. The 

product had m.p. 132-133", riiixed lll.p. with authentic \'I 131.5-13::.5". The infrared spectrum was identical 
with that of 1'1. 

. . 
6,6'-Dicltloro-8,,0'-diI~ydi'u~~~be~z~0pI~c~zo~ze 

'.The procedures and rclntive ~ilolar quantities of reagents that were ~ ~ s e d  were according to the  neth hod of 
h,loshfegh el 01. (3). I-lowever, the lnethyl ether was used instead of the ethyl ether as  a protecting group. 
Thus, 5,5'-dichlor0-2,2'-dih~-drosydiphenyane was converted into 5,5'-dicliloro-2,2'-dirnetIioxydi- 
phenylu~etliane (S), which \\,as oxidized to 5,5'-dichloro-2,2'-diinet1~0xybenzoplic101e (9). The dimethoxy- 
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benzophenone \\-as demethylated to give the desired 5,5'-dichloro-2,2'-dihydroxybenzopheno1ie, 111.p. 
151.5-153.5" (reported (2) m.p. 15'-155") ; A,,,344,259, and 223 mp; A,,i,,290 and 245 tnp. 

5,5'-Diclrloro-2,2'-d~il~ydroxybe~zzophe~to~~e, Bis(rarbetl~oxymethy1 Ether) (Va) 
I n  100 1111 dry acetone were placed 5,5'-dichloro-2,2'-dihydroxybenzophenoe (2.69 g, 0.0095 mole), ethyl 

bromoacetate (5.0 g, 0.030 mole), and freshly ground anhydrous potassium carbonate (8.3 g, 0.060 mole). 
, . I he 111ixture was relluxed, with the exclusion of at~nospheric moisture, for 5 h. The reaction mixture was 
cooled and filtered, a ~ ~ d  the filtrate was hlm evaporated to remove the acetone. The residue from the film 
evaporation was dissolved in diethyl ether (40 ml) and filtered to remove the insoluble material; the insoluble 
material was washed with diethyl ether (10 ml). The combined filtrates nrere film evaporated to remove the 
solvents. 'l'he gummy residue from the film evapora t io~~  was stirred with n-hexane (20 1111) to yield a white 
solid, which was removed by liltration, washed with ?z-hexnne, and dried to yield 3.14 g (73.57") of V a ,  
m.p. 86.5-87.5". Recrystallization from n-hesane gave colorless plates, m.p. 88.5-Sl).5", v 1770 and 1675  
c111-1. 

=\rial. Calcd. for C~~I-IZoCl?Oi: C, 55.39; I-I, 4.42. Found: C, 55.30; H ,  4.47. 

6,5'-Dickloro-2,2'-dikydro3iybenzopI~enone Bis(carboxymethy1 Ether) (Vb) 
?'he diester \!a (8.83 g, 0.0058 mole) was refluxed for 45 min in a mixture of ethanol (100 nil) and water 

(70 1111) c o n t a i ~ ~ i ~ i g  potassiunl hydroxide (4.5 g).  The solution was then film evaporated to remove   no st of 
the ethanol. After removal of the ethanol the solution was cooled, filtered, and extracted once with diethyl 
ether. 'The aqueous layer was the11 acidifled with dilute hydrochloric acid to precipitate the product as a 
white solid. The product was removed by filtration, washed with water, and dried to yield 2.14 g (93%) of 
\rb, 111.p. 217-21S0, v 1 752 (illtense shoulder a t  1 729) and 1684  cm-1. Recrystallization from ethanol-water 
gave material of 111.p. 218-221". 

Anal. Calcd. for CliUI?C1207: C, 51.14; 1-1, 3.03. Found (crude product): C, 51.34; F1, 3.37. 

Ring Closure of Vb and Preparation of2-(6-Clzloro-3-beneofz~ranyl)-4-~I~lorophenol Carbell~oxymethyl Ether ( V I )  
The diacid Vlr (2.03 g, 0.0051 mole), acetic anhydride (20 ml), and fused sodium acetate (5.0 g) were mixed, 

and the ~nixture was the11 refluxed (bath temperature 150-155") for 50 min. After the reaction mixture was 
cooled, it was poured into water (LOO ml) and stirred for 2 h. The \vhite precipitate so formed was removed by 
filtration, washed with water, a ~ ~ d  dried. This ~iiaterial(l.SG g) had m.p. 85-98"; v 1 850 and 1 780 (anhydride) 
with a prominent shoulder a t  1750  (acid), and 1 619 and 1 576 cm-1, no bands between 1 750 - 1 620 cm-I. 
The product was partially soluble in dilute sodium hydroxide. 

The crude product (0.45 g) was dissolved in ethylene dichloride (10 ml) containing e t h a ~ ~ o l  (1.3 1111) and 
tol~~enesulfonic acid (30 mg), and the solutiorl refluxed for G h. The solution was cooled, diluted with chloro- 
for~n,  I\-ashed with water and then sodium bicarbonate, and dried over sodium sulfate. Film evaporation 
left a crystalline p r o d ~ ~ c t ,  0.41 g, 111.p. 125-131'. Recrystallization from n-hemlie gave VI, m.p. 132-133"; 
v 1 759, 1 618, and 1 572 c~n-I. 

-4nal. Calcd. for ClsI-I1.jCl?Oa (VI): C, 59.10; I-I, 3.86. Found: C, 58.96; H, 3.98. 
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