
4512 J .  Org. Chem., Vol. 43, No. 23, 1978 Greenlee, Fritzen, and Swenton 

References  a n d  Notes 
(1) (a) J. F. Bunnett and K. 'C. Wamser, J. Am. Chem. SOC., 89, 6712 (1967); 

(b) J. K. Kim and J. F. Bunnett, ibid., 92,7463,7464 (1970); (c) G. A. Russell, 
R. K. Norris, and E. J. P,enek, ibid., 93, 5839 (197 1); (d) R.  A. Rossi and J. 
F. Bunnett, J. Org. Chem., 38,2314 (1973); (e) J. F. Bunnett and X. Creary, 
[bid., 39, 3173 (1974); (f) J. A. Zoltewicz and T. M. Oestreich, J. Am. Chem. 
SOC., 95, 6863 (1973); (9) J. V. Hay and J. F. Wolfe, ibid., 97,3702 (1975); 
(h) R. A. Rossi, R. H. de Rossi, and A. F. Lopez, ibid., 98, 1252 (1976); (i) 
R. G. Scamehorn and J F. Bunnett, J. Org. Chem., 42, 1449 (1977); (i) S. 
Rajan and K. Muralimohan, Tetrahedron Lett., 5, 483 (1978). 

(2) G. A. Russell in "Radical Ions", E. T. Kaiser and L. Kevan, Eds., Interscience, 
New York, 1968. 

(3) Benzothiophenediones are known also to undergo basic cleavage of the 
thioiactonic moiety.15 This is a reaction which parallels the radical anions 
formation in our experimental conditions. From the reaction between the 
5-F-BTD and methoxide we have in fact isolated the (3-fluoro-6-thio- 
methoxyphenyl)glyoxyIic methyl ester by quenching the reaction mixture 
with CHBI. 

(4) G. A. Russell, C. L. Myers, P. Bruni. F. D. Neugebauer. and R. Blankespoor, 
J. Am. Chem. SOC., 92,2762 (1970). 

(5) (a) P. B. Ayscough, F. P. Sargent, and R. Wilson, J. Chem. SOC., 5418 
(1963); (b)T. Fujinaga, Y.  Beguchi, and K. Umemoto. Bull. Chem. Soc. Jpn., 
37, 822 (1964). 

(6) J. F. Bunnett, Acc. Chem. Res., 5, 139 (1972). 
(7) J. Miller, Aromatic Plucleophilic Substitution", Elsevier, New York, 

1968. 

(1964). 
(8) G. A. Russell, E. G. Janzen, and E. T. Strom, J. Am. Chem. SOC., 86, 1807 

(9) J. G. Lawless and M. D. Hawley, J. Electroanal. Chem., 21, 365 (1969). 
(10) L. Nadjo and J. M. Saveant, J. Nectroanal. Chem., 30, 41 (1971). 
(11) K. Alwair and J. Grimshaw, J. Chem. SOC., Perkin Trans. 2, 1811 

(1973). 
(12) Attempts were made to have direct evidences for this step (eq 3a), using 

solvent mixtures as Me2SO/CD30H or Me2SO-d&sH5CH3 in which po- 
tential hydrogen atoms are isotopically differentiated from protons. These 
experiments were however unsuccessful because the 5-X-BTD-. were 
not sufficiently stable under these conditions and the spectroscopic 
transformations could not be followed. 

(13) J. Pinson and J. M. Saveant, J. Chem. SOC., Chem. Commun., 933 
(1974). 

(14) M. S. El Shanta, R. M. Scrowston, and M. V. Twigg, J. Chern. Soc., C, 2364 
(1967). 

(15) D. Papa, E. Schwenk, and H. F. Ginsberg, J. Org. Chem., 14, 723 
(1949). 

(16) G. Bartoli, F. Ciminale, and P. E. Todesco, J. Chem. SOC. Perkin Trans. 2, 
1472 (1975). 

(17) N. Kornblum and A. P. Lurk, J. Am. Chem. SOC., 81, 2705 (1959). 
(18) R. A. Abramovitch and A. G. Newman, Jr., J. Org. Chem., 39, 2690 

(19) R. A. Abramovitch, F. Helmer, and M. Liveris, J. Org. Chem., 34, 1730 
(1974). 

(1969). 

A Unique Reversal of Regioselectivity in 
the Photoaddition of 2-Fluorocyclohexenone to Isobutylene 

Mark L. Greenlee,'a Edward L. Fritzen, Jr., and John S. Swenton*lbVc 

Department  of Chemistry ,  T h e  Ohio S t a t e  Universi ty ,  Columbus, Ohio 43210 

Received July 25, 1978 

The preparation of 2-fluorocyclohex-2-enone (13) via the chlorofluorocarbene adduct of the morpholine enamine 
of cyclopentanone is described. T h e  photocycloaddit ion reactions of 13 and isobutylene have been studied. In con- 
t rast  t o  the h igh ly  regioselective additions of i ts  pyr imid inone analogue (5-fluorouracil), 13 exhibits products f rom 
predominantly the head-to-head orientation. T h e  mechanistic implications of these results are br ie f ly  discussed. 

While photochemical cycloaddition reactions of a,@-un- 
saturated carbonyl compounds have been extensively utilized 
in organic synthesis,2 the low regioselectivity of the reaction 
with simple olefins detracts from the synthetic m e t h ~ d . ~ ~ ? ~  
We recently reported that  substitution of the 5 hydrogen of 
uracil for fluorine remarkably enhances the regioselectivity 
of the photoaddition reaction with simple olefins4 (eq 1). Since 

tions of fluorouracil. Thus, in the fluorouracil system this high 
selectivity could be rationalized if biradical4 had had an en- 
hanced efficiency of ring closure relative to biradical 5.6 This 
possibility was made especially attractive by the work of 
Wagner and tho ma^,^ who showed that  the ratio of frag- 
mentation to closure in the biradical derived from butyro- 
phenone was markedly altered by substitution of fluorine for 

C H S H  
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I1 /CH- H-.";-' + /c\R II acetone hv H 4 $ +  
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the photoaddition reactions of uracil and cyclohexenone to  
isobutylene afford similiar regioselectivity,5 the photoaddi- 
tions of 2-fluorocyclohex-2-enone (13) to  olefins were of in- 
terest as a potential method of regiospecific four-ring annu- 
lation. 

A second impetus for a study of the photochemistry of 13 
relates to  a possible origin for the highly regioselective addi- 7 
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hydrogen. For 6a @cgc/@ei ,m was 0.23, while the value for 6b 
was >60. These workers proposed that  hyperconjugative in- 
teraction (Le., 7') ini,roduced a conformational bias in the 
biradical favoring closure. A critical requirement for such an 
effect is a heteroatom possessing a lone pair of electrons ad-  
jacent to the radical clanter. Since biradical4 formally has this 
required structural feature but a biradical derived from 
photoaddition of 13 t o  olefins would not, the photochemistry 
of 13 could aid in est,iblishing the importance of the hetero- 
atom on cycloaddition regioselectivity. 

We report here that 13 undergoes photochemical reaction 
with isobutylerie to afford products of reversed regioselectivity 
relative to that of cyclohexenone. Thus, the high head-to-tail 
orientation observed for 5-fluorouracil photoadditions is not 
carried over to 2-fluorocyclohexenone. 

Synthesis of 2-Fluorocyclohex-Z-enone (13). When this 
work was initiated, we were not aware of general routes to 
tu-fluorocyclohexeno~ies;~~' thus, cur synthesis of 13 followed 
the ring expansion route for the related a-chlorocyclohexe- 
none." Reaction of chlorofluorocarbene with the morpholine 
enamine of cyclopen tanone followed by hydrolysis afforded 
13. While this route would be expected to produce the two 
isomeric bicyclic intermediates 12a and 12b, which via con- 

CH, 
I1 Q+ 13 H C  /\ 2 CH, 

14 (41-45%) 
''F NMR -196.5 ppm 

15 (5-970; not isolated) 
I9F NMR -152.5 ppm 

O F  

1 7  (4-676) 16 (8-9%) 
I9F NMR -173.2 ppm I9F NhlK -149.9 ppm 

18 (2%) 
''F NMR -155.6 ppm 

12#3, X = C1, X = F 
1) X =  F , X  = C I  

certed ring opening would afford a mixture of 2-chloro- and 
2-fluorocyclohexenone, only the latter was isolated. Plausibly 
this could be due to the preferential solvolysis of the chlorine 
under the mild hydrolysis conditions employed here.12 While 
the overall yield for the sequence is a modest 22%, the ready 
availability of the starting materials allowed convenient 
preparation of gram smounts of 13. The enone exhibited the 
expected 19F resonance a t  -132.96 ppm (d, J = 14 Hz),  a 
doublet of triplets a t  T 3.59 ( J  = 14 and 4 Hz) for Hs, strong 
IR  absorptions a t  1701 and 1653 cm-l, and a typical cyclo- 
hexenone ultraviolet spectrum, A,,, (hexane) 228 nm ( t  

25 000) and 322 (36) 
Photoaddi t ion of 2-Fluorocyclohexenone to  Isobutyl-  

ene. T o  facilitate comparison of the results of this work with 
the earlier studies on cyclohexenone, irradiation conditions 
were similar t o  those employed in the earlier study.2* Thus, 
irradiation of 13 with an excess of isobutylene in pentane a t  
0 "C with Pyrex-filtered light from a 450-W Hanovia me- 
dium-pressure source gave six products in ratios independent 
of conversion of 13, as deduced from the l9F spectrum of the 
crude reaction mixture. The 19F spectrum also furnished 
preliminary evidence on structure since secondary fluorines 
CY to  ketones in five- to seven-membered cyclic ketones show 
19F resonance at  -194 to  -186 ppm13 and tertiary fluorines 
show absorption in the range -159 to -154 pprn.l3 Thus,  the 
major product (Le., 14) appeared to have fluorine on a sec- 
ondary position, while three products (15, 17, and 18) were 
tertiary fluorides and a third (16) had a somewhat anomalous 
resonance. 

The structural assignment for the major product as 14 was 
fully established by spectroscopic and chemical means. The 
IH NMR spectrum showed an allylic methyl group a t  T 8.23, 
two vinyl protons, and Hz as a partially obscured doublet of 
doublets ( J H ~  F = 48 Hz, JH~:H~ = 9 Hz) which collapses to  a 
clean doublet when I he fluorine is decoupled. The 19F NMR 
spectrum appears as a doublet of doublets1* ( J  = 48 and -5 

Hz). The position and H F  coupling are in agreement with 
those expected for a cyclic a-fluoro ketone13a (a-fluorocy- 
clohexanone, -186 ppm, J = 49 Hz). The trans stereochem- 
istry was assigned on the basis of the magnitude of the vicinal 
coupling constants ( JH~,H~ = 9 Hz, JH~,F = -5 Hz), which 
agree with those expected for the trans but not the cis ste- 
reochemistry (Chart I). Reduction of 14 with lithium and 
ammonia followed by Jones oxidation afforded the known 
19. 

The product second in abundance has been assigned 16. Its 
lH NMR spectrum shows saturated methyl groups a t  T 8.85 
(s) and 8.67 (d, J = 1.5 Hz). The doublet methyl group col- 
lapses to a singlet when the fluorine is decoupled. The 19F 
NMR spectrum shows a broad structured singlet of width a t  
half-height of 60 Hz, consistent with fluorine being coupled 
to  three nonequivalent adjacent hydrogens as well as to one 
of the methyl groups. The assignment of the trans stereo- 
chemistry at  the ring juncture derives from the coupling of the 
fluorine to one of the methyl groups. Models indicate that  the 
requirement of the intersection of vectors along the C-H and 
C-F bonds for long range fluorine-hydrogen coupling (Con- 
verging Vector R ~ l e ) ~ ~ , l ~  is nicely accommodated by the 
trans-fused isomers. We have never observed such coupling 
in the fluorouracil adducts which are all cis.4 Furthermore, the 
somewhat abnormal position of the fluorine resonance may 
be associated with the trans-fused ring system. 

The cis-fused head-to-tail cycloadduct, 17, comprises 4-6% 

Chart I. Expected Vicinal Coupling Constants in the 
Preferred Conformation of 14  and Its Cis Isomer 

0 0 

dihedral dihedral 

system deg J ,  Hz system deg J ,  Hz 
angle, expected angle, expected 

H,-H, 180 -12-13 ' '  H,-H, 60 -316 
I13-F 60 <5163'- H,-F 180 > 1 5 j 6  



4514 J .  Org. Chem., Vol. 43, No. 23, 1978 Greenlee, Fritzen, and Swenton 

Table I. Product Proportions Obtained from the Irradiation of Cyclohexenone and 2-Fluorocyclohexenone with 
Isobutylene 

0 0 

19 14 
of the reaction mixture and shows saturated methyl groups 
a t  T 8.72 and 9.01 in its l H  NMR spectrum. The 19F NMR 
spectrum of 17 shows B five-line multiplet similar to spectra 
observed in the cycloadducts of fluorouracil and disubstituted 
01efins.~ The product assigned as 18 was very minor (2%). Its 
1H NMR spectrum showed an allylic methyl group a t  T 8.22 
and two protons as a multiplet a t  T 5.08-5.24, while its 19F 
NMR spectrum exhibited a broad multiplet from -156.2 to  
-155.1 ppm. 

Two products observed in the 19F NMR spectrum have not 
been isolated despite extensive efforts. One of these formed 
in 5-9% yield shows a clean doublet ( J  = 22 Hz) in the 19F 
NMR spectrum at -152.5 ppm. This is the position expected 
for cycloadduct 15, which would contain a tertiary fluorine and 
which should show a coupling constant of about 20 Hz for the 
H F  dihedral angle close to  0°.14 The product appearing as a 
doublet (J  = 46.8 Hz) a t  -187.4 ppm disappeared on passage 
of the product mixture through a silica gel column and was not 
characterized. 

Discussion 
The results presented here show that  in contrast to  5-flu- 

orouracil, 2-fluorocyclohexenone shows no tendency to  give 
a highly regioselective head-to-tail photocycloaddition to  
isobutylene. In  fact, the ca. 1:3 (head-to-head/head-to-tail) 
product ratio observed here is opposite to  the 3:l regioselec- 
tivity observed for the parent cyclohexenone-isobutylene 
system (Table I). Since uracil and cyclohexenone show similar 
regioselectivity in photoadditions to  isobutylene, both the 
heteroatom a t  the 4 position and the fluorine must play a role 
in the highly selective photocycloadditions observed for 5- 
fluorouracil. 

A second point in the work is the effect of fluorine in in- 
creasing the amount of the disproportionation product in the 
reaction. This may relate to Meinwald's comments concerning 
the preference for two tertiary radicals to  disproportionate 
rather than c0up1e.l~ The high preference for formation of the 
trans compound 14 is explainable on the basis of stereoelec- 
tronic consideration for hydrogen transfer a t  the biradical 
stage. Thus, models indicate that a cis-decalin type transition 
state allows the hydrogen being transferred and the adjacent 
half-filled p orbital to  be nearly coplanar.20J1 This ideal 
stereoelectronic situation cannot be obtained in a trans- 
decalin transition state. 

H 

H 
20 

14 

One of our goals in initiating this work was to  develop a 
procedure for controlling the regioselectivity of cycloadduct 
formation in reactions of cycloalkenones with simple olefins. 
Unfortunately, fluorine substitution in this system not only 
gives poor regioselectivity in the additions but results pri- 
marily in the formation of disproportion-type products. Ob- 
viously, an alternate approach to solving this general problem 
must be employed. 

Exper imenta l  Section2* 
2-Fluorocyclohex-2-enone (13). A mixture of 13.0 g (0.085 mol) 

of 1-morpholino-1-cyclopentene and 19.0 g (0.17 mol) of freshly 
sublimed potassium t e r t -  butoxide in 300 mL of anhydrous tetrahy- 
drofuran was cooled to -45 "C. To this stirred suspension, under ni- 
trogen, was added 15 mL (21 g, 0.2 mol) of dichlorofluoromethane in 
85 mL of tetrahydrofuran dropwise over 6 h. The resulting orange 
suspension was stirred for an additional 1 h while it warmed to room 
temperature, and then 300 mL of solvent was distilled off at  30-40 
"C (150 mm). The residual orange-brown paste was dissolved in 100 
mL of a 5% aqueous hydrochloric acid solution and stirred for 1 h at  
room temperature. The small organic layer was separated, and the 
aqueous layer was extracted with ethyl ether (3 X 50 mL). The organic 
phases were combined, washed successively with a 5% aqueous sodium 
bicarbonate solution (2 X 25 mL), water (25 mL), and a saturated 
sodium chloride solution (25 mL), and dried over anhydrous calcium 
sulfate. Filtration and removal of the solvent in vacuo (25 "C, 25 mm) 
left 16 g of a brown oil. Column chromatography on silica gel (5% ether 
in petroleum ether eluent) followed by molecular distillation (60 "C, 
10 mm) gave 2.17 g (22%) of 13 as a clear oil: IR (CC14) 1701 (C=O), 
1653 (C=C) em-'; UV A,,, (hexane) 228 nm ( e  26 OOO), 322 (36); 'H 
NMR 6 1.9-2.7 (6 H, m), 6.41 (1 H, d oft, J = 14 and 4 Hz); 19F NMR 
-132.96 ppm (d, J = 14 Hz). Exact mass: calcd for CGH~FO, 114.0481; 
found, 114.0483. 

Photoaddition of 2-Fluorocyclohexenone to Isobutylene. All 
irradiations were performed with a Hanovia immersion well using 
Pyrex-filtered light from a Hanovia Type I 450-W medium-pressure 
source. The reactor was charged with a solution of 237 mg (2.1 mmol) 
of 2-fluorocyclohexenone in 150 mL of purified pentane. Dry nitrogen 
was bubbled through the solution for 1 h, the reactor was cooled, and 
isobutylene was bubbled into the solution through the nitrogen inlet 
until the volume had increased by 20 mL (>lo0 equiv). The inlet was 
then replaced with a serum cap, and the stirred solution was irradi- 
ated. The progress of the reaction was followed by analyzing aliquots 
by VPC (column A, 150 "C, nitrogen flow 30 mL/min). The reaction 
was essentially complete after 6 h, and the pentane and isobutylene 
were removed in vacuo. An 19F NMR spectrum of the residual yellow 
oil showed the presence of six fluorine-containing products, and in- 
tegration of the spectrum gave the percentage of the reaction mixture 
that each comprised: 17, -149.9 ppm (m), 6-9%; 15, -152.52 ppm (d, 
J = 22 Hz), 8-13%; 18, -156.2 to -155.1 ppm (m), 1-3%; 16, -173.9 
to -172.6 ppm (m), 12-13%; unknown, -187.8 ppm (d, J = 43 Hz), 
3-6%; 14, -196.51 ppm (d, J = 47 Hz), 59-65%. Analytical gas chro- 
matography of the reaction mixture (column B, 100 "C, nitrogen flow 
25 mL/min) resolved five components: 16,5.3 min; 17,6.8 min; 18,10.5 
min; 15,18 min; 14,23.3 min. The reaction mixture was subjected to 
low-pressure chromatography on a 3 X 95 cm silica gel column; elution 
was with a 3% solution of ether in petroleum ether and 25-mL frac- 
tions were collected. The following results were observed: fractions 
63-75, 16; fractions 77-80, 18; and fractions 85-91, 17. After 100 
fractions had been collected, the eluent was changed to 25% ether in 
petroleum ether, and component 14 appeared in fractions 153-164. 
Component 15 was not observed in any of the fractions. The con- 
centrated fractions were further purified by preparative VPC (column 
C, 120 "C, helium flow 60 mL/min). 

16: IR (CCU 2938 (s), 2859 (m), 1728 (s), 1186 (m), 1076 (m), 916 
(m) cm-l; 'H NMR (60 MHz) T 7.1-8.6 (struc. envelope, 9 H), 8.5 (s, 
3 HI, 8.67 (d, J = 1.5 Hz, 3 H). Fluorine decoupling collapses the T 8.67 
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doublet i n t o  a sharp singlet as well  as markedly  simpli fying the T 
7.1-8.6 region; 19F NMR -172.6 t o  -173.9 ppm (br mult). Exact mass: 
calcd for CIOHISFO, 170.1107; found, 170.1109. 

17: IR (CC14) 2937,(s), 2853 (m), 1727 (s), 1457 (m), 1373 (m), 1217 
(m), 1138 (m), 1028 (m), 997 (m) cm-l; 'H NMR T 7.18-7.73 (struc. 
mul t ) ,  7.82 (br s), 7.90-8.58 (struc. m u l t )  ( integrating for a to ta l  o f  9 
H ) ,  8.72 (s, 3 H),  9.01 (0,3 H);  19F NMR -149.48, -149.67, -149.75, 
-149.94, -150.03, -150.23 ppm. Exact  mass: calcd for CIOH16F0, .. 

170.1107; found, 170.1 109. 
18: 'H NMR (60 MI&) T 4.76 (struc. s .  1 H).  4.91 (struc. s. 1 H ) .  

7.27-7.90 (struc. mult, 4 H),  7.9-8.5 (part ial ly obscured mult, 6 H ) ,  
8.22 (br  s, 3H); I9F NMR -156.2 t o  -155.1 ppm (br  mul t ) .  

14. T h e  material isolated f rom the column was recrystallized f rom 
petroleum ether t o  give whi te  crystals: mp 43-45 "C; IR (CC14) 2929 
(b r  mul t ) ,  1740 (s), 1100 (m), 902 (m) cm-'; 'H NMR (60 Hz)  T 5.18 
and 5.26 (br s, 2 H),  5.48 (d  o f  d, J = 48 and 10 Hz, 1 H ) ,  7.36-7.78 (br 
mult, 3 H), 7.78-8.30 (br mult, 3 H), 8.28 (br s, 3 H),  8.2kL8.90 (br mult, 
3 H ) .  Fluorine decoupling collapsed the doublet o f  doublets centered 
a t  T 5.48 t o  a clean doublet ( J  = 10 Hz); 19F NMR -196.51 ppm (d, 
J = 47 Hz); there was further undefined coupling <6 Hz. Exact mass: 
calcd for C1OH15F0, 15'0.1107; found, 170.1109. 

In a reaction similar t o  t h a t  described above, 1.109 g (9.73 mmol)  
o f  13 in 120 mL o f  pentane and 50 mL of  isobutylene was irradiated 
a t  0 "C for 15 h. Solvent removal in vacuo yielded 1.86 g o f  colorless 
liquid which was f i l tered through silica gel (25% ether-hexane) and 
molecularly dist i l led (45-50 "C, 10 m m )  t o  af ford 1.07 g (65%) o f  
photoadduct mix ture.  

Reduction of 14 to 19. A 45-mg (0.27 mmol)  por t ion of 14 was 
dissolved in 15 mL of  anhydrous liquid ammonia a t  -33 "C in a 25-mL 
three-neck flask equipped w i t h  a dry ice condenser and a magnetic 
s t i r r ing bar. T o  the st irred solut ion was added lithium wire in ap- 
proximately 4-mg (0.58 mmol) portions until the resulting blue color 
persisted for  30 min (2 portions, >4 equiv). T h e  solut ion was st irred 
for an additional 1 h, and then the ammonia was allowed t o  evaporate. 
T h e  remaining white salts were dissolved in 5 mL o f  an aqueous am- 
mon ium chloride solution, and the solution was extracted w i t h  ether 
(3 X 5 mL) .  T h e  extracts were combined, washed w i t h  water (2 mL) ,  
and concentrated by rotary evaporation. The yellow residue was 
dissolved in 2 mL o f  acetone, and the solut ion was transferred t o  a 
1 0 - m L  two-neck flask equipped w i t h  a magnetic s t i r r ing bar. T o  the 
stirred solution was added Jones reagent via a syringe until the orange 
color persisted for 30 m i n  (-50 pL) .  T h e  mixture was f i l tered i n t o  
another 10-mL flask and the green salts were rinsed w i t h  1 mL of 
acetone. Isopropyl alcohol was added dropwise t o  the solut ion until 
the excess oxidant wae consumed (indicated by a green color). The 
solut ion was then st irred for  1 h w i t h  100 m g  o f  sodium bicarbonate, 
filtered, and concentrated in vacuo, leaving a yellow oil. VPC analysis 
(column B, 110 "C, nitirogen f low 25 mL/min)  indicated the presence 
o f  t w o  components in about a 2:1 rat io, the minor  appearing t o  be 
unreduced 14 based on i ts  retention time. T h e  two components were 
separated by preparative VPC (column D, 120 "C, he l ium f low 40 
mL/min) ,  yielding 3.5 m g  of  recovered 14 and 5 m g  (13%) o f  a clear 
o i l  which exhibited the spectral characteristics (IR and NMR) re- 
por ted for 19.2a 

Supplementary Material Available: 'H and 19F NMR spectra 
and decoupling results (9 pages). Ordering information is given on any 
current  masthead page. 

Registry N o . 4  (R = CHs), 115-11-7; 11,936-52-7; 13,67542-14-7; 

14, 67542-15-8; 15, 67542-16-9; 16, 67542-17-0; 17, 67542-18-1; 18, 
67542-19-2; 19,937-44-0; dichlorofluoromethane, 75-43-4. 
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