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Matract-111 order to study the influence of fluorine substitution at the meso-position of benz[a]anthracene 
and at the 12-position of 7.methylbenz[a]anthraccne on the carcinogenic properties of these hydrocarbons, 
the title compounds have been prepared by photocyclization of 1 -(l -fluoro-2-naphthyl)_2-(o-iodophenylj- 
ethylene and l-(4-fluoro-l-methyl-2-naphthyl)-2-(o-iodophenyl)ethylene, respectively. 

IN A previous paper’ the reasons were outlined for the interest attached to carcino- 
genic polycyclic hydrocarbons substituted by fluorine in the so-called K region. The 
introduction of a fluorine atom at the meso-position (“L region”) of the anthracene 
moiety of such hydrocarbons is of no less interest, especially as the role of this region 
in carcinogenesis is not clear. Numerous attempts to prepare compounds such as 
7-fluorobenz[u]anthracene (1) made in our laboratory failed, e.g. the treatment of 
benz[a]anthracene with phenyl- and p-tolyl-iododifiuoride’.-.+ or with N-bromo- 
succinimide in anhydrous hydrofluoric acid,4.S the reaction of 7-bromobenz[a]- 
anthracene with heavy metal fluorides, or the conversion of 7-aminobenz[a]- 
anthracene to the fluorocompound oiu the diazonium fluoborate by methods de- 
veloped for the syntheses of 9-fluoro- and 9-fluoro-10-phenyl-anthracene.6*7 

In the present study the synthesis of the title compounds (1 and 2) has been achieved 
by photocyclization of the appropriate fluorinated diarylethylenes. 

Though 2-styrylnaphthalene has been shown to photocyclize exclusively to 
benzo[c]phenanthrene, 8.g the benz[a]anthracene skeleton could be expected to be 
formed when the l-position of 2-styrylnaphthalene was blocked as in 8, which could 
easily be prepared from 2-bromomethyl-1-fluoronaphthalene (4) and benzaldehyde 

F CH, 
1 2 

by the Wittig-Arbuzov reaction (Experimental). aa-l-(1-Fluoro-2-naphthyl)-2- 
phenylethylene (8). however, could not be cyclized but was only photo-isomer&d 
to the c&isomer (ll), which upon further irradiation gave dimeric and polymeric 
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material. Thus compound 8 resembles the closely related 2-styrylquinoline and l- 
(3-pyridyl)_2-(2-quinolyljethylene. lo Similarly refractory was the condensation 
product of 4 and p-tolualdehyde, trans-l-(l-fluoro-2-naphthyl)-2-(p-tolyl)ethylene (9). 

3: x = -CH) 8: Ar = C,H,- 
4: K = -CH2Br 9: Ar ‘, = p-CH,---C,H,-- 11 U 
5: x=-Br 10: Ar = o-I-C,H,- 
6: x=-CN 
7: x=-CHO 

13: y = -Br 16: y = -COOCH, 12 

14: y=-CN 17: y = -CH,OH 
15: y=-COOH 18: y = -CH,Br 

We only succeeded in the preparation of 1. when we applied the modification pro- 
posed by Kupchan:” trans-l-(l-fluoro-2-naphthyl)-2+-iodophenyl)ethylene (10) 
(prepared from land o-iodobenzaldehyde) was irradiated with UV light. The structure 
of 1 was proven by the close resemblance of its electronic spectrum to that of the 
fluorine-free parent compound (Table l), and by its smooth oxidation to 7,12- 
benz[a]anthraquinone (12). 

The preparation of 10 was also attempted byan altemativeroute,5+6-, 7 + 10, 
which was, however, found impractical because of the poor yield in the Stephen 
reduction of the nitrile 6 to the aldehyde 7. 

The desired compound1 was formed only when light sources of relatively low 
intensity were applied: a Hanovia 450 Watt mercury lamp led to the formation of 
fluorine-free material. As it is known. 12.13 that mono- and di-tluorostilbenes are 
converted smoothly to fluorinated phenanthrenes on irradiation with 125 to 400 Watt 
mercury lamps, it can be assumed that the intense illumination removed the fluorine 
atom after cyclization has taken place. 

The synthesis of 12-fluoro-7-methylbenz[a]anthracene (2) was achieved 



Thcsy-nthesiaof 12-fluoro-7-methyl- and 7-fluoro-henz[a]anthe 3503 



3504 J. B~vm. F. Gl~uxtt and E. D. B~RGWNN 

analogously, it completes in fact Prof. Newman’s project of the preparation of all 
monofluoro derivatives of 7-methylbenz[u]antbracene.‘c20 

2-Bromo4fluoro-1-methyhraphthalene (13) was prepared by two alternative 
routes, both starting from 1-methylnaphthalene. as described in the Experimental. 
and converted by cuprous cyanide into the nitrile 14. The latter compound was 
hydrolysed, and the ester 16 of the acid 15 so formed, reduced to the alcohol 17, 
which was then converted to 2-bromomethyl4fluoro-1-methylnaphthalene (18). 
Wittigreaction with o-iodobenzaldehyde gave rrrms-l-(4-fluoro-l-methyl-Znaphthyl)- 
(o-iodophenyl)ethylene (19). which on irradiation with UV light cyclized to 2. The 
spectroscopic properties of this compound (Table 1) indicate clearly the formation of 
the benz[a]anthracene system. 

In the course of this study we have tried in vain to condense the Grignard derivative of 
2-bromo4-fluoro-1-methylnaphthalene (13) with either phenylacetaldehyde or 
phenylacetyl chloride. It is rather unexpected that the Grignard reagent is formed in 
almost quantitative yield, but does not add to the carbonyl groups in these compounds 
even at 75” (in benzene). 

EXPERIMENTAL 

2-Bromomethyl-1-fluoronaphthalek (4j A mixtun d 69g d 3”, 778g N-bromosuccinimide, 25Oml 
CC& and 05 g benxoyl peroxidc was refluxed for 25 hr. To tk hot soln, 250 ml CCI, was added and the 
succinimi& removed by filtration Upon concentration d tk filtrate, 61 g (59%) colourless crystals d 4 
separated; m.p 53-55” from cyclokxane (Found: C, 55.4; H, 3-5; Br. 33.3. CaJc for C,,H,BrF: C, 553; 
H, 3.3 ; Br, 33.5%j 

trans-l_(l-Flwro-2-naphth.vl)-2-phenvleth.vlene (Bj A stirred mixture d 5 g d4 and 7 g triethyl phosphite 
was heated on the steam bath for 2.5 hr. The excess of tk reagent was distilled off at 1 mm (oil bath at 
120’) and the residue dissolved in 25 ml dry DMF. After tk addition of 2.3 g benzaldehyde in 30 ml DMF. 
a soln d 1.2 g NaOMe in 40 ml d the saax solvent was added dropwise with external cooling (internal 
temp klow 4o”j Tk mixtute was then heated for 30 min car tk steam bath cooled and poured into cold 
water. The pale yellow ppt was filtered off and washed with water. Recrystallization from cyclohexane 
gave 3.7 (71’4 d 8 as colourless crystal& m.p 110-1129 e (log ej 226 (448); 240 (4.23): 252 (4.15); 
274 (4.38); 283 (4.42); 319 (4.51); 335’ (4.11); 360 mp (3.53); e %2 97Ocm-r; NMR (CDCls) r 2.83; 
2.96 (transcthylenic H atomsj (Found: C, w8; H, 50; F, 76. Calc for C,,H,,F: C, 87.1; H, 5.2; F, 7.7%j 

trans-l~l-Flwro-2-Mphthy~2-(~~p~y~thylene (1Oj The same procedure as above was applied 
to tk conversion d 5 g of 4, 7g triethyl phosphite, 498 ~iodoknraldehyde” and 1.2g NaOMe into 
6.6g (82’h d 10; m.p 97” (from cyclohexane); c (log ej 217 (457); 252 (4.30); 273 (4.30); 308 (4.30); 
345’ (4a); 365 mp (3.48); fl& 958 cm-r; NMR (CDCl,) r 2.79-320 (tran.scthylenic H atomsj (Found: 
C 57.8: H. 30; F. 49: L 33.7. Calc for C,,H,,FI: C 57.7: H. 3.2: F. 5.1: L 34Q”/,). 

trans-l~l-Flwro-2-naphthyl)-~tolyl)ethylene (9) Similarly 5 g of 4, 7 g triethyl phosphite, 2.5 g 
ptolualdehyde and 1.2 g NaOMe afforded 3.3 g (60 “A of 8 as colourless crystals of mp. 112-l 14” (from 
cyclokxane); AEs I ( og a), 229 (445); 242 (4.26); 253 (4.15); 275 (4.34); 286 (4.38); 323 (4.50); 339 (4.23); 
361 mp (356); GK %7, 972 cm-*; NMR (CDCl,) s 6.63 (CH,); 2.88. 298 (rrnrcthylenic H atoms). 
(Found: C, 87Q; H. 5.7; F, 7.2 Calc for CrPH,,F: C, 870; H, 5.7; F, 7.2% 

Attempted photocyclization of tI In a 3-necked photolysis tube., equipped with a Teflon magnetic stirrer 
and a 450-Watt Hanovia UV light source. 405 mg of 8 60 mg I2 and 170 ml purified cyclohexane were 
irradiated. Within 90 min all tk starting material had disappeared ; after this period no significant change 
in the UV spectrum was noticeable (even within 20 hrj Tk product consisted mainly of 11; [?‘““I 
698 cm-r : NMR (CDCl,) multiplets at 5.2 and 59 (cis-ethylenic H atoms): mol. wt. (mass spectrograph) 
2481 and of some dimeric material [mol wt (mass spectrograph) 4963. No. 7-fluorobenx[4$unhracene 1 
wan fotmed 

Repetition d tk experiment, passing a stream of N, or 0, through tk illuminated sohr or using a quartx 
flask or light sources of various intensities did not change tk negative result of tk experiment Also 
compound 9 was completely refractory to photocyclixation 
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10 g cuprous cyanide and 165 N-methylpyrrolidone afforded 10 g (78’4) of the expected nitrile as colour- 
less needles; mp. 97’ from kxane (Found: C, 776; H, 45; F, 9.9. Cak for C,,HsFN: C, 778; H, 4.3; 
F, 10.3 %). 

Attempts to convert 14 into 4-fluoro-1-methyl-2-naphthaldehyde by the Stephen reductioq failed. 
CF1uorO-l-methyl-2-nophthoic ocfd (15) A mixture of 17 g of 14, 170 ml cone H,SO,, 340 ml AcOH 

and 17 ml water was refluxed for 18 hr. Upon cooling, white crystals of the expected acid separated and were 
filtered off. After purification by extraction with Na,COsaq, reacidification and recrystallization from 
EtOH, 17 g (90%) of 15 was obtained; rap. 230-232”. (Found: C, 709; H, 4.2; F, 9.8. Calc for C,,HsFO, : 
C, 706; H, 4.4; F, 9.3 %) 

Methyl Ctlunro-l-merhyl-Znaphthoote (16) was obtained on treatment of 15 with diazomethanc Re- 
crystallization from cyclohexane afforded colourless needles: m.p. 6768”. (Found: C, 71.6; H, 4.9; F, 90. 
Cak for C,,H,,FO,: C, 716; H, 59; F, 8.7%). 

CFluoro-l-methyl-2-~phtklenemethonol(17) To a stirred suspension of 1.5 g LAH in 150 ml dry ether, 
a solution of 7 g of the foregoing ester in 50 ml of ether was added dropwise After refluxing for 1 hr, the 
excess reagent was destroyed by addition of EtOAc and the product decomposed with water and HCI. 
The aqueous layer was extracted with benzene, and tk combined organic layers were concentrated The 
residue was recrystallized from a mixture d benzencheptane, giving 5.5 g (91 “A d 17 as colouriess crystals ; 
mp. 131-13Y. (Found: C 75.8; H, 60; F, 10.1. Calc. for C,,H,,FO: C, 75.8; H, 5.8; F. 100%) 

2-Bromomethyl4f7twro-1-methylnaphthalene (18) A som of9 g PBr, in 5 ml benzene was added dropwise 
to a warm soln of 5 g of 17 in 40 ml dry benzene at such a rate as to permit gentle refluxing of the reaction 
mixture ARer heating for 2 hr. the excess reagent was decomposed with water, tbe mixture neutralized 
with Na,COa and the organic material taken up in benzene, washed with water, dried, concentrated and 
recrystallized from light pet ether (4&60”) Thus 5 g (75 YA dcolourleas crystals d 18 was obtained, rap. 60”. 
(Found: C, 57-O; H, 39; Br, 31.1; F, 7.3. CaJc for C,,H,,BrF: C, 569; H, 4Q; Br, 31.6; F, 7.5%). 

trans-l~4-Fluoro-lmerhyl-2-nophrhy~-2~o-iodopheny~thyle (19) Similar to the preparation of 8. 
2 g of 18 and 1.8 g triethyl phosphite were heated on the steam bath for 2.5 hr, and the phosphonate thus 
obtained. dissolved in 10 ml DMF and treated below 40” with 1.8 g o-iodobenzaldehyde and with @42 g 
NaOMe, each d them dissolved in 20 ml DMF. After heating for 30 mm at 100” and the usual work-up, 
the yellow product was recrystaRixed from cyclohexane giving 1.5 g (49’A of 19 as colourless crystals, 
mp. 111-113”; iza (log E), 217 (456); 230 (4.51); 275 (4.28); 314 (4.23) 356’ mp (3.70); e 955 cm-’ ; 
NMR (CDCI,) r 7.37 (a,); 275-3.#) (tmnscthyknic H atoms) (Found: C, 58.6; H, 3.8; F. 5.1; I, 330. 
Cak for CrsHr,FJ: C, 58.8; H, 36; F, 49; I, 32.7%) 

12-Fluoro-7-methylbenz[a]anthracene (2) Analogous to the photolysis of 8, 770 mg d 19 in 450 ml 
cyclohexane gave a brown oily product that was purified by chromatography on alumina and by recrystalli- 
zation from MeOH. Thus 55 mg (11 “A of pun 2; lap. 81-83” was obtained. From the mother liquor an 
additional 27 mg of impure material (mp 75-78”) containing 10 mg (2’4 d 2 (calculated from the UV 
spectrum) was recovered. (Found : C, 874; H, 5.1; F, 70; MW, 260 (mass spectrograph) Calc for C,,H, lF: 
C, 877; H, 50; F, 7.3 %; MW, 260) The 2,4,7-trinfnoj7twrenon derioatiw was obtained in, and recrystalliz.ed 
from, benzene as red-brown needles, mp. w)“. (Found : C. 66.8; H, 3.2 CaJc for t&H r sFN,O, : C, 66.8 ; 
H, 3.1%). 

As in the photolysis of 8, light sources with high intensities led to the formation of fluorine-free material. 
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