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Abslrnct~~ The halochromic product from di-(pfluorophcnyl) -trifluoromc~hylwrbinvl and sutphuric 
acid giva with ethyl mercaptan 3cthylthb6 fluoro-‘)-rrinuoromelhyl~uor~nc. Analogous reactions 
have been obscrvcd with (pchlorophcnyt)-(~flu~r~~p~nyi)-, wirh (p-nuorcrphcnyl)-phenyl-. and 
with dip~nyl-trinuoromthyl-carhinol. 

The infra-red sptrrt of the f?uorcnc dcr!vativcs formed are discussed 

~l-(p-HA~.tX;EN~~P~tt~~yL)-‘IRI~t.L‘OROME~tYl.-t’ARBINf)tS (I), when treated SUCCeSSiVdy 

with concentrated sulphuric acid and water (or methanol) are converted into 3-halo- 
geno-S-hydroxy (or mcthoxy)-9-tri~uoromethyl~uorencs (Ii), by a mechanism which 
has been discusxd prcviously,*e2 

In the present paper an attempt is made to determine the scope of this reaction. 
(~Chlorophenyl)~p-~uorophcnylf-tri~uc~romethyl-carbinol, prepared from p-chloro- 
n,,oJ,tr*-trifluoroacetophcnonc and p-fluorophenylmagncsium bromide. was trans- 
formed under the above conditions into 3-chloro-4-methoxy-9-trifluoromethylfluorene 
(II, x Cl; K CII,); the fIuorine atom is thus exchanged in preference to the 
chlorine atom. (p-Fluorophcnyl)-phcnyl-trifluoromcthylcarbinol- prepared analo- 
gously from f,t,~~l,~~~-trifluoroactophenonc, vvhcn treated with suiphuric acid and then 
with methanol or water, gave 3-mcthoxy- and 3-hydroxy-9-tri~uoromethyi~uorcnc 

(II, x II, R CH, or H), respectively; the previously suggested reaction mecha- 
nism explains adequately this course of the reaction. 

‘\~>c;<f+ x~F~__J;~M F.‘\I”-: ;;JT_ 

Ho 5 H’ ‘“CF; w, 
I 11 m 

(o-Chlorophcnyl)-phenyl-trifluoromethyl-earbmoi, obtained from crJ,f*,,co-tfiflUOro- 

acetophcnonc and o-chlorophcnylmagnesium bromide, gave qualitatively the same 
picture as the carbinols studied before (strong hal~hromism, quickly fading in colour); 
however, no defined product could be obtained upon treatment of the resulting 
solution with water or methanol. 

It is interesting that also the unsubstitutcd diphenyl-tri~uoronlethyl-carbinol under- 
goes a cyclodchydration reaction, when treated with concentrated sulphuric acid. 
According to its analysis and spectrum, the product, obtained in low yield, is 9-tri- 
~uoromcthyl~uorene. This reaction is analogous to the conversion of benzific to 
Iluorcnc-9-carboxylic acid.a 

a S. t‘ohcn. I. Amer. Chrm. Sue-. 79, 1499 (19S7). 
* S. Cohen and A. Kolus?yncr, Ikprrirn~lrt 13, 2.16 119571. 
* I). Vorlaendcr. Rcr. f)fs-h. Chrm. Gc. 44, 2467 4 191 I). 
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The product formed from di+fluorophenyl)-trifluoromcthyl-carbinol and sul- 
phuric acid undcnvent with erh$ mercupran a reaction analogous to that occurring 
with water or alcohols. Although the expected 3_ethylthio-6-fluoro-9-trifluoromcthyl- 

fluorcne could not be induced to crystallize, the corresponding sulphone (Ill), formed 
from the crude reaction product with hydrogen peroxide, was well-defined and gave 
correct analytical ligures. 

The previously described’ di-@chlorophcnyl)-pentatluoroethyl- and -hcptafluoro- 
propyl-carbinols bchavc exactly like the corresponding trifluoromcthyl compound. 
Successive treatment Hith sulphuric acid and methanol gave two compounds which 
according to their analyses and spectra, were 3-chloro-6-methoxy-9-pentatluoroethyl- 
and -9- heptafluoropropyl-tluorcnc, respectively. 

The structure of the products obtained in the cyclodehydration reactions was 
deduced from the infra-red and ultra-violet spectra. The latter rcsemblc closely that of 
fluorenc derivatives.‘** It was found that the compounds II (R CH,. X H or Cl) 
showed an infra-red C I1 frcqucncy at about 3400 cm I. It is suggcstcd that this 
frequency is due to the C .I1 bond in the 9-position. Acetylene, too, has an unusually 
high C- H frequency (3270..3305 cm ). * 5 Ex pe rimcnts of our own have shown that 
tluorcnc has a peak at 3330cm-‘, and methyl fluorenc-Y-carboxylatc, which is 
structurally similar to II, at 3400 cm ‘; 9.9-diphcnylfluorenc, which lacks a hydrogen 
atom in the 9-position, has no band beyond 30(M) cm’ I.* 

EXPERIMENTAL 

(p-Chbruphen~l)-~p~uorophmn~l)_rri~~oro~~c~h~~-rarhinol (I. X Cl. Y E). To a Grlgnard 

solurion prepared from magnc!lum (2.45 g) and p-fluorobromobcnzcnc (I 7.5 g) in ether (I 5U cc), dry 

~olucnc (100 cc) was added and the c1hcr distilled off. Then pchloro-to.~u,clrtrifluoroa~1opheno~’ 

(IO.4 g) was added dropwise and with stirring IO 1hc hot mixlure (80-W) over a period of 20 min. 

Refluxing was conlrnucd for an addirional 30 min. then 1hc mixture w= cooled. decomposed with ice 

and sulphuric acid and cx1ractcd with ether. Dlsl,llation of the clhcrcal layer yielded 1hc dcslrcd 

rompounda~ a yellowish 011. b.p. 131-135 i2 mm. Yield. 12.5 g (82”,); n:: 1~5301. & 1.395. MR. 

P’ound: 67.54; MR. Cak.: 67.35. ;_, . “a. tS50(hydroxyl). I I65 (Cl:,). 1068 (C -F). 752 (C CI)cm I. 

(I:ound: C. 55.6; II. 3.2. C,,It,Cli~,O rcqumzs: C. 55.2; H. 3.0:;). 

3-Chloro-&nurhox~-Y-rri/luoro~?efhyi~u~rcnc (II, X Cl, R CH,). A mlxturc of the foregoIng 

carbinol(2.8 g) and cone sulphurrc acid (20 cc) was shaken for 3 hr. kept ovcrnighi. and 1hc colourcd 

solurion added, dropwicc and ulrh srirring. IO an cxccss of methanol at 5 IO’. Crushed ice was added 

and 1hc prccipltated material collcctcd and rccrysralhrcd from methanol (charcoal) IO yield I g (363.) 

of 3-rhbro-6-merhox~-V-rri/luoronrc~h)’I/luorr,,e. m.p. 97- 94 ’ (Ii1 : ’ * 95 .Y6 ). No deprmlon was 

obscrvcd in the m.p. ,f a mlxlurc of thrs compound with an authcnuc sample. izt‘” 217 (4.39); 240 

(4.21); 302 (3.70); 308 (3.74); 310 m/r (3.85). GE.“: 3420 (C, It). 1265 (Ar-0-CH,). I165 (CF,). 

1038 (C-1;). 744 (C- Cl)cm ’ (Found: C, 60.7: II. 3-S; F, 19.30;. Calc. for C,,lI,,CIF,O: C’. 

60.3; H. 3.4; F. 19,1”.). 

( p~l~~rophen?l)_phen~l-irijluorome:h~l-carhjn~i ( I, X H. Y F). To a solu~lon of the Grlgnard 

rcagcn1. prepared from magnesium (2 4 g), and p-fluorobromobcnzenc (17.5 g) in ether (I 50 cc). a 

solulion of oJ,clj.cl>-trifluoroacctophenonc’ (I 5 g) in cthcr (75 cc) was added dropwise and wi1h s1irrmg 

over a period of I5 min. so rha11hc mass uas kept boiling. 11 wat then rcfluxcd for I5 min. cooled and 

poured into a mixlure of crushed ice and sulphuric acid. The organic layer was scparalcd. and the 

aqueous layer exrractcd once wi1h crhcr. The combined ether CXI~~CIS were dried over sodium 

sulpharc and disrlllcd. The carhinolforms a colourlcss oil of b.p. I20 I2S’/3 mm. Yield. I5 g (71”;). 

’ A. Kaluszyncr. S. Rculcr and I:. I). Bergmann. 1. Amrr. Chrm. Sot. 77. 4164 (1955). 
’ R. N. Jones and C:. SnndorTy. Chrmtc-of Applrrartonr ofSprcrro.wop,v p. 387. Inrcrwcncc. New York t 1~56). 
* G. W. H. Schctf and R. K. Brown. CaMd. 1. Chrm. 38, 697 (lY60). 
’ A. Sykes. J. c‘. ‘I’a~low and C. R. ‘I’homns. Chmt. & Id. 630 (lYS.5). 
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$ 1.5180; 4 1.331. MR. Found: 6146; MR. talc.: 61.82. GM; ‘I4 3450 (hydroxyl), I163 (CF.). 1065 
(C-F) cm ‘. (Found: C, 62.6; H. 4.1. C,,H,,F,O rquires: C. 62.2; H, 3.7%). 

The 4ce141c was prepared by heating for 3 hr at loo” a mixture of the carbinol 05 g), acetic 
anhydride (4 cc) and sulphuric acid (2 drops), decomposition with ice and recrystallization of the 
organic product from methanol. Mp. 7&71’. _x ; ‘a’ 1770 (carbonyl), 1175 (CF.). 1024 (C-F) cm-t. 
(Found: C. 61.7; )I, 4.3. CIIHIIF,O, rquircs: C. 61.5; H. 3.9:;). 

3-Merhoxy-9-rripuoromcrhyl~wre~ (11, X - H. R - CH,). A mixture of the foregoing carbinol 
(1 g) and cone rulphuric acid (20 cc) was shaken for 1 hr and the coloured solution added. dropwise 
and with stirring, to an excess of methanol at 5- 10”. Crushed ice was added, whereupon crystals of 
3-nurhoxy-9-rripuoromeIhylpwre~ separated. The compound was purified by recrystallization from 
methanol or petroleum ether and formed silky needles of m.p. 87-88”. Yield, 0.6 g (61 7;). iz 3403 
(C.-H). 1235 (Ara<H,) 1165 (CF,). 1038 (C-F)cm-I. I,,, “” 213 (4.43); 235 (4.31); 262(4.14); 
270 (4.15); 288 (3.50); 2u8 (3.62); 303 (3.64); 310 v (3.85) (Found: C. 68.3; H. 4.3. C,,H,,F,O 
rquircs: C, 68.2; H. 4.20,:). 

3-Hydroxy-9-rripuoromefhylfluorcnc (II. X - R -’ H). The product from the carbinol (I, X ._ H, 
Y - F) and cone sulphuric acid (20 cc) was poured onto crushed ~cc. The compound was extracted 
with ether and the ether residue rccrystallizcd from carbon tetrachloridc to yield 0.3 (32%) of the 
compound, m.p. 174-176”. P ;E: 3280 [hydroxyl and C,-H(?)j, 1165 (CF,) cm *. Lzxa 213 (4.34); 
236 (4.26): 263 (4.14); 270(4.15); 2900.45); 305 (3.65); 312 rnp (3.73). (Found: C. 66.8; H. 3.7; 
F, 22.3. C,,H,F,O requires: C. 67.2; H. 3.6; F, 22.8%). 

(o-Chlorophcnyl)_pheyC~r@oromerhyl-carbinol. To a solution of the Grignard reagent, prepared 
from magnesium (2.9 9, and o-bromcchlorobcnzene (23 g) in ether (100 cc), dry tolucm (70 cc) was 
added and the ether removed. Then a solution of cu,w.w-trifluoroacctophenonc (17.4 g) in toluenc 
(40 cc) was added with stirring, at the b.p. of the mixture. over a period of 20 mm; rcfluxing was 
further maintained for 30 min. After decomposition with ice and sulphuric acid, separation of the 
ethcrcal laycr and distillation, the curbinol was obtained as a yellowish oil, b.p. 139-141”/2 mm; 
yield, 9 g (3 1%). ;z; 3580 (hydroxyl). I165 (CF.); I040 (C-F); 752 (C-Cl) cm-l. (Found: F, 
19.7. C,,H,,ClF,O rquircs: F, 19.9”,<). 

The acerare prepared from the carbinol. acetic anhydride and sulphuric acid, melted at 4547”. 
(Found: C, 58.3; H. 3.5. CIIHItCIF,Ot requires: C. 58.5; H. 3.7%). 

The carbinol(3 g) and cone sulphuric acid (20 cc) gave a deep-purple solution; the colour changed 
within a few minutes to a dirty green. No defined material could bc obtained by either treating this 
product with crushed ICC or cold methanol. 

9-TriJwromethylpYorene. Cone sulphuric acid (60 g) was added in portions to powdered diphcnyl- 
trifluoromethylcarbino)’ (IO g) in a mortar and the rnau triturated till the red-brown colour did no 
longer apfzcar. The grey mass was then added to an excess of ice and the prccipitatc filtered ofi and 
dried IO yteld 9.7 g of m.p. 58-100”. The product was extracted with hot methanol; from the filtered 
solution separated. upon concentration, 9-rrijYuoronurhy/Jwrene which was purified by rccrystal- 
lization from glacial acetic acid; yield, 07 g (7.5%). m.p. 170~5-171”. Ig,a 235 m/r (390): 271 w 
(390); 294 me (3.23); 306 mar (3.16). (Found: C. 71.8; Ii. 4.0; F, 24.5. C,,H,F, rquircs: 
C. 71.8; H. 3.Y; F. 24.3:/,). 

3-Chloro-&methox~9-penruf?wroethyl-Jwrene. A mixture of di+-chlorophenyl)ntafluoro- 
cthyl-carbinol* (7.4 g) and cone sulphuric acid (60 cc) was shaken mechanically for 3 hr. allowed to 
stand overnight and added. dropwise and with stirring, to methanol (200 cc) at S-IO*. The mcthanolic 
solution was poured onto crushed ice and the producr razrystallircd from petroleum ether (b.p. 6& 
90”), mp. 89-91’; yield, 2.1 g (3000,:). >.Et: 218 w (466); 238 m/r (4.48); 265 mar (4.24); 292 rnp 
(3.75); 302 v (3.85); 314 w (3.98). (Found: C. 55.3; H. 3.1. C,,H,,ClF,O requires: C. 55.1; 
H. 2.9 %). 

3-Chloro-&merhoxy-Y-hepgf?wropropyl-Jwrene. This compound was obtained from di+ 
chlorophcnyl)-heptatluoropropylcarbinol’ (8.4 g) and cone rulphuric acid (60 cc). as described above. 
Yield, 2.2 g (27%). m.p. 84-85.5” (from pit ether b.p. 60-W). I.&?xa 240 rnlr (4.32); 266 LIP (4.00); 
273 v (4.00); 314 m/r (3.88). (Found: C. 51.2; H, 2.8. C,,H,,ClF,O requires: C. 51.2; H. 
2.5 ‘,/,). 

EEthylsulphonyl-6-~wro-9-rri~uoromethyl~wreru (111). A mixture of di+fluorophcnyl)_tri- 
fluoromcthylcarbinol (2.9 g) and cone sulphuric acid (30 cc) was shaken mechanically for 3 hr. then 
added, dropwisc and with stirring, IO ethyl mcrcaptan (100 g) at On. The colour of the first drops faded 
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quickly, but soon a second layer was formed, and vigorous stirring was required to bring about this 
change. The mixture was added to excess cold water, the organic layer separated and subjected to 
distillation, first at atmospheric pressure. then in vacw in order to remove some diethyl duulphide. 
The residual oil could not be induced to crystallize; it was dissolved in glacial acetic acid (20 cc) and 

oxidized to the sulphone with 30:/, hydrogen peroxide (5 cc) on the water bath for 30 min. After I2 hr. 

at room temp. the solution was diluted with water and ncutralircd partially with sodium bicarbonate. 
whereupon crystals of 3~~hylsulphonyl-~~wro_9_rri/luorom~~hylfre~ (III) wparatd; yield. I.1 g 
(32%). Tbcy were purified by rccrystalliration from a petroleum ether-chloroform mixture and 
subsequently from ether; b.p. 137-138.5”. (Found: C. 55.6: H. 3.4. C,,H,,F,OS rcquircs: C, 
55.8; H. 3.5:/,,. 


