9-Substituted Fluorenes

a Government of Iran, Minister of Science and Higher Edu-
cation Scholarship to S.Y. are also very much appreciated.

Registry No.-—1, 931-59-9; 2, 933-01-7; 3, 463-49-0; 4, 590-19-2;
5, 591-96-8; 6, 598-25-4; 7, 3043-33-2; 8, 1000-87-9; (E)-(2RS,5RS)-
5-chloro-3-hexen-2-yl 4’-chlorophenyl sulfide, 67145-79-3; (E)-
(2RS,5SR)-5-chloro-3-hexen-2-yl 4’-chlorophenyl sulfide, 67145-
80-6.

References and Notes

(1) Reactions of Sulfenyl Chlorides and their Derivatives. 19. For Part 18, see
T. R. Cerksus, V. M. Csizmadia, G. H. Schmid, and T. T. Tidwell, Can. J.
Chem., 58, 205 (1978).

(2) Present address: Department of Chemistry, University of Ottawa, Ottawa,
Can.

(3) For reviews, see (a) D. R. Taylor, Chem. Rev., 67, 317 (1967); (b) M. C.
Caserio, Sel. Org. Transform., 1, 259 (1970).

(4) (a) T. L. Jacobs and R. C. Kammerer, J. Am. Chem. Soc., 96, 6213 (1974);
(b) T. L. Jacobs and R. Macomber, J. Org. Chem., 33, 2988 (1968); (c) T.
L. Jacobs, R. Macomber, and D. Zunker, J. Am. Chem. Soc., 89, 7001
(1967); (d) T. L. Jacobs and R. N. Johnson, ibid., 82, 6397 (1960).

(5) (a) W. L. Waters, W. S. Linn, and M. C. Caserio, J. Am. Chem. Soc., 90,
6741(1968); (b) W. S. Linn, W. L. Waters, and M. C. Caserio, ibid., 92, 4018
(1970).

(6) G. H. Schmid and P. H. Fitzgerald, J. Am. Chem. Soc., 93, 2547 (1971).

(7) J. R. Cavanaugh and B. P. Dailey, J. Chem. Phys., 34, 1093 (1961).

(8) W. H. Mueller and P. E. Butler, J. Org. Chem., 33, 1533 (1968).

J. Org. Chem., Vol. 43, No. 19, 1978 3769

(9) K. Izawa, T. Okuyawa, and T. Fueno, J. Am. Chem. Soc., 95, 4090
(1973).
(10) B. P. Dailey and J. N. Schoolery, J. Am. Chem. Soc., 77, 3977 (1955).
(11) J. B. Stothers, ‘“Carbon-13 NMR Spectroscopy"’, Academic Press, New
York, N.Y., 1972, p 118.
(12) For example, the chemical shifts of the methyl protons of the regioiso-
mers

SAr Cl
(CH,),CCHCH, and (CH,),CCHCH,

Cl SAr

are 6 1.46 and 1.67, respectively.’®

(13) G. H. Schmid and D. G. Garratt, Can. J. Chem., 51, 2463 (1973).

(14) G. H. Schmid, A. Modro, F. Lenz, D. G. Garratt, and K. Yates, J. Org. Chem.,
41, 2331 (1976).

(15) G. H. Schmid and D. G. Garratt in ‘‘Chemistry of Double Bonded Functional
Groups”, Supplement A, Part 2, S. Patai, Ed., Wiley, London, 1977, Chapter
9

(16) G. H. Schmid, Top. Sulfur Chem., 3, 100 (1977).

(17) N. S. Zefirov, N. K. Sadovaja, A. M. Maggerramov, |. V. Bedrikov, and V.
R. Kasrtashov, Tetrahedron, 31, 2948 (1975).

(18) For a reveiw of electrophilic additions in general and additions of ar-
enesulfenyl chlorides in particular, see ref 15, Chapter 9.

(19) G. H. Schmid, V. M. Csizmadia, V. J. Nowlan, and D. G. Garratt, Can. J.
Chem., §0, 2457 (1972).

(20) N. Kharasch, Intra-Sci. Chem. Rep., 1, 337 (1969).

(21) G. H. Schmid and D. G. Garratt, Chem. Scr., 10, 76 (1976).

(22) W. R. Moore and H. R. Ward, J. Org. Chem., 27, 4179 (1962).

9-Substituted Fluorenes. Evaluation of Substituent
Effects via Carbon-13 Nuclear Magnetic Resonance Spectroscopy

M. J. Shapiro!

Contribution from the Chemistry Department, Texas Christian University, Fort Worth, Texas, 76129

Received November 28, 1977

The carbon-13 NMR shielding effects for a series of 9-substituted fluorenes and 9-substituted 1-methylfluo-
renes, where the substituents are OH, Cl, Br, and I, have been determined. Shift data for several other fluorenyl sys-
tems are also presented. The substituent effects are discussed in terms of the transmission of electronic interac-
tions. The substituent shifts at the meta and para carbon centers are analyzed using the Swain-Lupton parameters.
Qualitatively, this analysis suggests that =-inductive effects are twice as important as hyperconjugative interac-
tions. The first instances of downfield substituent shifts for y-syn disposed carbons are observed, while upfield

shifts are seen for the resonances of vy-anti carbons.

There has been considerable controversy concerning the
transmission of the electronic properties of substituents to
aromatic systems through potentially insulating centers such
as in 1.23 Three types of substituent effects are generally
considered to participate in systems like 1: (1) o-inductive

CHX

1

effects; (2) w-inductive effects; and (3) resonance effects, in
this case hyperconjugative interactions. Often the discussion
of the mechanism for the transmission of the substituent effect
is clouded by a lack of understanding or agreement of the
terminology involved. So that this is not a problem here, the
terms pertinent to the discussion (although available in the
literature) will be reviewed,28.f4

The o-inductive effect requires a net charge transfer be-
tween the substituent and the ¢ framework, resulting in
reorganization of the ¢ charge at various positions leading to
successive polarization of the o electrons. This interaction is
most probably important only for the « and 3 carbons in these
systems.5

0022-3263/78/1943-3769$01.00/0

Resonance effects result in a net transfer of charge between
the aromatic = system and the substituent. In the context of
the present discussion, hyperconjugation accounts for the
resonance properties. Hyperconjugation requires specific
stereochemical orientation and is most favorable when the
dihedral angle of the potential hyperconjugative moiety is 0°
with the aromatic = bonds.® This ¢—7 bond interaction is
shown schematically below.

X~
SHe
+
0 O™
There are two mechanisms which fall under the heading of
w-inductive effects:>4 (1) a process which causes reorganiza-

tion of the aromatic = electrons by an alternating polarization
of the 7 electrons,

857 6 cHX
867
6+
(2) a polarization of the 7 electrons toward the ipso carbon.
This second mechanism is often called a 7-polarization effect.

© 1978 American Chemical Society
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Table I. Chemical Shifts and Substituent Chemical Shifts
(ppm) for the 9-Substituted Fluorene Systems (2)¢

X Cis Cor Csg  Cys

Cuouoy Cuary G

H 1248 1265 1265 1197 143.1 1416 36.7

I 126.6 127.8 129.0 1204 1458 1399 223
(1.8) (1.3) 25 (07 @7 (=17 (-144)

Br 1264 1281 1292 1203 1442 1399 46.0
(16) (16) (@27 (06 (11 (L7 (9.3)

Cl 1257 1279 1292 120.0 1438 1400 575
09 (¢4 @7 (03) (0.7 (-1.6) (20.8)

OH 1251 127.8 1290 1199 1457 140.0 749
0.3) (1.3) (25 (0.2) (2.6) (-1.6) (382)

@ The substituent chemical shifts are in parentheses.

The basic difference between the two w-inductive effects is
represented by the magnitude of charge density reorganization
at the ortho and meta positions.

60 0" CHX
Ho ™!
e

The close relationship between charge density changes and
carbon-13 NMR shifts? should allow for the dissection of the
various mechanisms involved in the transmission of substit-
uent effects. Unfortunately, it is sometimes difficult to dis-
tinguish between the r-inductive effects by simple inspection
of carbon-13 chemical shift data. This problem arises because
ortho carbon shifts are subject to steric and compressional
effects, while meta carbon chemical shifts often vary over a
very narrow range and thus are marginally influenced by
electronic effects.

Separation of inductive—field effects from resonance or
hyperconjugative contributions can be readily accomplished
by using the dual substituent parameter equation (DSP).89
By confining the study to a closely related series of com-
pounds, the relative importance of the various mechanisms
can be determined.

Previous work in this laboratory using the DSP analysis has
shown that the transmission of substituent effects in a-sub-
stituted toluenes operates via a w-inductive mechanism.3b
However, the structural features inherent in these molecules,
the freely rotating CHsX moiety, may preclude the availability
of hyperconjugative interactions by the CX ¢ bond. In order
to further investigate the transmission of substituent elec-
tronic effects through a fully saturated center, a series of
stereochemically well-defined systems 2 and 3, where the «
substituent is held rigid, was studied. These compounds are
interesting because the X group at the “sp3” carbon atom is
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constrained with respect to the planar aromatic = system. The
incorporation of a methyl moiety in one ring destroys the in-
herent symmetry of this system and allows comparisons be-
tween two slightly different aromatic centers.

Chemical Shift Assignments. The chemical shift (and
substituent shift) data for the 9-substituted fluorenyl and
1-methyl-9-substituted fluorenyl compounds are given in
Tables I and II, respectively.

Since the discussion of the data depends largely upon cor-
rect carbon assignments, substantial care was taken for the
parent system. The task of making assignments was facilitated
by inspection of the proton-coupled spectrum as well as by
consideration of substituent effects observed in some model
systems. Using the proton-coupled spectrum “fingerprint”,1°
the Cg and C3 resonances were readily distinguished from the
C; and C4 resonances. Since the chemical shifts for C; and Cs
are equivalent, this leaves only C; and C, to be assigned. The
C4 resonance is expected to be at higher field than C; due to
steric compression effects. Additional information is derived
from the coupled spectrum, where the C; resonance is seen to
be more highly coupled than is C4. The Cyo and Cy; shift as-
signments have been made previously by Johnson and Jan-
kowsky.!! These latter assignments were presumably made
by consideration of intensity effects. In the decoupled spec-
trum the Cqg resonance is seen to be more intense than the Cy;
resonance owing to the greater number of adjacent hydrogens,
and thus a slightly greater NOE effect is obtained.!2 The
correctness of these shift assignments can be judged by the
good correlation between the observed and calculated chem-
ical shifts in the 1-OH, 1-CHjg, 2-1, and 2-NOs fluorenyl sys-
tems (Table III).

The shift assignments for the 1-methyl substituted fluo-
renyl systems were somewhat more difficult to make owing
to the increased number of carbon signals. However, this task
was facilitated by using the fingerprint method and substit-
uent effects. A reasonable assumption was also employed to
make these assignments. That is, the carbon chemical shifts
in the unsubstituted ring would remain relatively unchanged.
With the aid of the proton-coupled spectrum, the assignments
of the protonated carbons will now be described.

By analogy with the unmethylated material, C4 and Cs are
assigned to the two highest field resonances. The assignment
of C4 to the higher field resonance is consistent with the sub-
stituent shift induced by a para methyl group.” The coupling

Table II. Chemical Shifts and Substituent Chemical Shifts (ppm) for the 1-Methyl-9-Fluorene Systems (3)

X H 1 Br Cl OH

1 134.1 135.4 (1.3) 136.2 (2.1) 136.4 (2.3) 136.6 (2.5)

2 127.6 (1.1)@ 128.4 (0.8) 129.0 (1.4) 129.2 (1.6) 129.2 (1.6)

3 127.0 129.4 (2.4) 129.6 (2.6) 129.7 (2.7) 129.7 (2.7)

4 117.4 (—2.3) 118.0 (0.6) 117.8 (0.4) 117.7 (0.3) 117.6 (0.2)

5 120.0 120.5 (0.5) 120.2 (0.2) 120.1 (0.1) 120.2 (0.2)

6 126.5* 129.0 (2.5) 129.6 (3.1) 129.7 (3.2) 129.6 (3.0)

7 126.6* 127.8 (1.2) 127.9 (1.3) 127.9 (1.3) 127.9 (1.3)

8 124.9 126.4 (1.5) 126.1 (1.2) 125.7 (0.8) 125.3 (0.4)

9 35.7 21.7 (-14.0) 46.1 (10.4) 51.4 (21.7) 75.0 (39.3)
10 141.4 (—1.9) 142.9 (1.5) 141.3 (=0.1) 141.1 (-0.3) 143.9 (2.1)
11 142.1* (0.5) 138.7* (—3.4) 139.7 (—2.4) 140.1 (—2.0) 140.3* (—1.8)
10 143.1 (0.0) 145.4 (2.3) 143.2 (0.1) 143.9 (0.8) 145.9 (2.8)
11’ 142.0* (0.4) 139.0* (—3.0) 139.7 (—2.3) 140.1 (-1.9) 140.5* (—1.5)
CH; 18.7 19.4 (0.7) 18.8 (0.1) 18.6 (—0.1) 18.1 (—0.8)

2 Substituent shift vs. nonmethylated material; an asterisk indicates that reversal of assignments may be possible.
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Table II1. Chemical Shifts and Calculated Chemical
Shifts (ppm) for Some Fluorenyl Derivatives®

1-OH 1-CHj 2-1 2-NO»

152.1 (152.0)® 134.1 (133.8) 134.1(133.9) 121.2(119.8)
113.5(113.4) 127.6(127.0) 91.8(91.8) 146.8 (144.5)
126.9 (127.4) 127.0(126.2) 135.7(135.6) 123.0 (121.6)
113.0 (112.1) 117.4 (116.5) 121.4 (119.0) 120.4 (120.7)

WO =10 Ut WD

120.2 120.0 (119.7) 119.9 (119.9) 119.8 (120.1)

126.7 126.5 (126.5) 127.3 (127.0) 127.4 (126.9)

128.5 126.6 (126.5) 126.9 (126.7) 128.8 (128.2)

125.1 124.9 (124.8) 124.9 (125.0) 125.3 (125.2)
33.5 35.7 36.5 36.9

10 128.5 (130.0) 141.4 (143.6) 145.4 (145.3) 144.8 (144.1)
107 1416 143.1 142.6 (142.9) 139.4 (139.6)
11 142.8 (142.7) 142.1 (142.1) 140.7 (141.0) 148.0 (148.0)
117 1440 142.0 141.2 (141.2) 143.9 (144.0)

a Registry No.: 1-OH, 6344-62-2; 2-1, 2523-42-4; 2-NOg, 607-
57-8. ¢ Calculated values are in parentheses.

pattern of the next resonance indicates that this carbon is an
ortho-type carbon, and therefore it is assigned to Cg. The
fingerprint method was also used to assign the next three
signals, all being meta-type carbons.!? These must arise from
C,, Cs, and C;. Assuming a minimal effect of the methyl at Cg
and C, the assighments were made as shown in the table. The
assignment of C3 is obvious from the coupled spectrum be-
cause of its lack of long range couplings.

The assignments of the nonprotonated carbons were based
primarily upon substituent shifts as well as on peak intensity
considerations. Thus, C; is assigned to the highest field non-
protonated carbon shift. Intensity considerations separate the
C10,C1o signals from the Cy1,Cy1- signals. This is also consistent
with the upfield shift of the C;1,Ci1 signals observed by
comparison with the parent compound. The Cg assignment
is made by consideration of substituent effects.

Substituent Effects. Before proceeding with the discussion
of substituent effects in the 9-substituted fluorenyl systems,
it may prove worthwhile to look at the unusual substituent
effects observed for the 1-OH and 1-CHj systems. The sub-
stituent shifts are shown helow.

CH,

Similar effects are observed in the substituent shifts in o-
cresol and o-xylene,!3 as well as in some 1-substituted naph-
CH

thalenes.14
OH :

Possible explanations for the observed shifts include par-
ticipation of canonical forms such as shown.

CH,*H

An alternative explanation involves deformation of the C;-
C10-Cg bond angle to diminish steric interactions. In analogy
with the 1-substituted naphthalenes, this would lead to
shielding of Cyp and deshielding of the C; resonances.!4 The
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actual picture is probably a blend of these two situations. In
any case, the incorporation of the methyl group at C; should
affect the ease and nature of the transmission of substituent
effects to the substituted ring.

The substituent shifts at Cq in both systems compare well
with the analogous values obtained for the a-substituted to-
luenes.3b The substituent shifts at C1pqo) do not correlate with
the toluene data, and in 3 it is apparent that the shifts are not
symmetric with respect to the substituent. The C;y substit-
uent shifts in 3 compare well with those in 2, but the Cy, shifts
are somewhat smaller in magnitude. This may be a conse-
quence of the opening of the Cg—C;¢~C; bond angle mentioned
earlier. If the bond angle opening mechanism is important,
then the substituent shift of the methyl group should be to
higher field as X becomes larger. The substituent shifts ob-
served at Cqg obtained by comparing 2 and 3 are —1.9 (H),
—2.2 (OH), —2.7 (Cl), —2.8 (Br), and —2.9 (I) ppm, and thus
they are in agreement with the proposed mechanism.

The substituent shifts observed at the carbons in the v
position are interesting owing to the inherent assymmetry in
these compounds. In 2 there are two different y carbons, and
in 3 there are four different y carbons. Because of this as-
symmetry, these systems should prove useful in assessing the
mechanism by which the v shift is transmitted to aromatic
centers. Since the v carbons are virtually equidistant, albiet
differently disposed geometrically from the substituent, as
measured from molecular models, the differences in the ¥
shifts should reflect electronic interactions. In 1-substituted
naphthalenes the v shift of the peri carbon to higher field was
interpreted as a steric interaction.! In the present instance,
C; and Cg are seen to be in a somewhat similar orientation to
the substituent. However, these carbon resonances are in-
variably shifted to low field while the resonances for the anti
carbons Cy; and C;y are shifted to higher field. It was found
that in a-substituted toluenes the ortho carbon (to the CHoX
moiety) resonances were shifted to higher fields.

A simplistic approach to explain the fluorene shift trends
would be to consider that in the toluene system the methylene
moiety is freely rotating and on a time averaged basis one
ortho carbon will be syn and the other anti to the substituent.
The observed shift would reflect the sum of the syn and anti
interactions. Based on this notion, the sum of the substituent
shifts for Cy(g) and Cy1¢11) observed in the fluorene systems
2 and 3 should be equal to that found in the «-substituted
toluenes. In the instance of 2 the values compare favorably
with the toluene data given in parentheses: X = Br, —0.1
(=0.3); X = Cl, —0.7 (=0.7); and X = OH, —1.3 (—2.0) ppm.
For system 3, the correlation is poor.

In 3 the substituent shifts for the Ci1(11,) resonances are
generally much larger than those found in 2 and seem to in-
dicate a greater degree of negative charge on this carbon in 3.
A possible explanation which would account for the upfield
shift involves a hyperconjugative electron release mechanism.

CH, CH,4

X+ Xt

(0 -

For system 3, the hyperconjugative electron release is favored
to a greater degree owing to relief of steric interactions be-
tween the methyl and the 9 substituent. The parallelism be-
tween substituent shift and substituent size is in accord with
this possibility. A similar hyperconjugative electron release
in aliphatic systems has been invoked to explain the upfield
substituent shifts of v-anti carbons.1é

There are other interesting trends observed for the v car-
bons C; and Cg. In 2 and 3, the substituent shifts are to lower
field. This is somewhat surprising since these carbons are
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y-syn to the substituent. In 1-substituted naphthalenes, a
somewhat similar system at least as far as steric interactions
are concerned, upfield shifts are observed. These upfield shifts
were purposed to be due to steric interactions. The observa-
tions here suggest that the shifts in the fluorenes, as well as
in the naphthalenes, are electronic in nature. It is also noticed
for Cg in 2 and 3 that the magnitude of the substituent shift
" follows an inverse order with respect to substituent electro-
negativity. However, for the C; resonance in 3 the opposite
trend prevails. This appears to be due to the interaction of the
substituent and the methyl group at C;. As the substituent
shift at the methyl becomes more negative, the substituent
shift at C; becomes more positive. It is interesting that the sum
of the C; and Cg substituent effects stays relatively con-
stant.

The analysis of the substituent shifts at 6 carbons Cy 7 and
Cy5 also indicates differences in the electronic transmission
of charge density as a function of relative position to the
substituent. The anti carbons C4 and Cj are less affected by
the substituent than are Cy and C;. The Cq7 shifts are also
larger than those observed in the a-substituted toluene series.
The methyl carbon is also 6 disposed to the substituent, and
it is believed that these shifts are through space in origin.!”
The substituent effects observed at Cy 7 in 2 and at C; in 3 were
analyzed by the DSP equation (Cs in 3 did not give good cor-
relation, presumably due to the ortho effect of the methyl
group). The results are as follows.18 For 2 Cq 7: pF = 1.77, pR
= —(0.82,7 0.985. For 3 C7: pF = 1.62, pR = —0.79, 7 0.997. This
observation suggests that inductive-type interactions are twice
as important for the substituent shifts as are resonance ef-
fects.

The remaining substituent effects to be discussed are those
observed at C5 and Cg. In all instances downfield shifts are
observed, and they indicate a decrease of electron density at
these carbons. The DSP analysis of these shifts indicates that
the inductive term F is about twice as important as the reso-
nance term R. For 2 C3g: pF = 3.16, pR = —1.65,F = 0.991. For
3Cy pF =378, pR = —~1.78,7 = 0.983. For 3 Cg: pF = 3.49, pR
= —0.76,7 = 0.996.

The shifts observed at the para position here are about twice
as large as those observed at the meta position (C,, C-). This
result is consistent with the observations made on para-sub-
stituted benzenes.!®

Conclusions

It has been shown that substitution at the 9 position of a
fluorenyl ring induces substantial changes in the chemical
shifts of the aryl ring system. It is clear that the magnitude of
the substituent shift is very dependent upon the relative or-
ientation of the interacting nuclei. From the DSP treatment
of the data at C,, C3, Cg, and C7, both resonance (hypercon-
jugative) and =-inductive effects are important. Judging from
the pattern of the substituent shifts, =-bond polarization
toward the ipso carbon is the dominant 7-inductive mecha-
nism.

Experimental Section

Fluorene, 9-chlorofluorene, 9-hydroxyfluorene, 9-bromofluorene,
1-methylfluorene, 1-hydroxyfluorene, 2-iodofluorene, and 2-ni-
trofluorene were commercially available and were used as received.
1-Methyl-9-fluorenone was received from Professor P. D. Bartlett,
Texas Christian University. The proton NMR spectra were recorded
on a Jeol MH100 spectrometer system. The carbon-13 magnetic
resonance spectra were obtained in the Fourier transform mode on
a Jeol FX-60 spectrometer system equipped with a Texas Instruments
computer with a 24K memory. The spectra were obtained at an ob-
serving frequency of 15.03 MHz. Sample concentrations were ca. 10%
w/v in deuteriochloroform of the proton-decoupled spectra and ca.
50% w/v for the proton-coupled spectra in 10 mm o.d. sample tubes.
General NMR spectral and instrumental parameters that were em-
ployed are the following: internal deuterium lock to the solvent;
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spectral width of 2500 Hz (166.6 ppm); a pulse width of 5 us, corre-
sponding to a 45° pulse angle; and a pulse repetition time of 1.8 s. For
all spectra, 8K time-domain data points were used. All shifts reported
are referenced to internal Me4Si and are estimated to be accurate to
+0.05 ppm.

High-resolution mass spectra were recorded by Mr. G. Gabel of the
Biochemistry Department at Texas A&M University, College Station,
Tex., on a Consolidated Electronics mass spectrometer system.

9-Iodofluorene. A methylene chioride solution of 1.8 g (0.01 mol)
of 9-fluorenol and 48% hydroiodic acid was stirred at room tempera-
ture for 1 h. The organic layer was separated, neutralized by a satu-
rated solution of sodium bicarbonate, and washed three times with
50-mL portions of water. After removing the solvent at reduced
pressure, the crude material was dissolved in petroleum ether and
placed in the freezer. After about 1 h, 1.6 g (53% yield) of light yellow
crystals was deposited: mp 148-149 °C dec; NMR (CDCls) 6 6.42 (1
H), 7.40 (m, 4 H), 7.70 (m, 4 H). This compound was found to be quite
unstable, liberating iodine readily. An accurate analysis therefore
could not be obtained.

9-Hydroxy-1-methylfluorene. This compound was prepared by
the addition of an excess of sodium borohydride to an ethanol solution
containing 4.0 g (0.022 mol) of 1-methylfluorenone. The reaction
mixture was stirred for 0.5 h and quenched with water, and the organic
material was extracted into methylene chloride. After drying the or-
ganic layer with magnesium sulfate, removing the solvent in vacuo,
and recrystallization from hexane, 3.9 g (91% yield) of colorless cot-
ton-like crystals was isolated: mp 162-162.5 °C; NMR (CDCl3) 4 2.56
(3 H), 5.54 (1 H), 7.20-7.70 (m, 7 H). Anal. Caled for C14H;00:
196.0888. Found: 196.0883.

9-Bromo-1-methylfluorene. To a cooled methylene chloride so-
lution (0 °C) containing 2.0 g (10 mmol) of 9-hydroxy-1-methylfluo-
rene was added 5.4 g (20 mmol) of phosphorus tribromide. The re-
action mixture immediately turned brown. After careful quenching
of the reaction mixture with 100 mL of ice water and neutralization
by a saturated aqueous solution of bicarbonate, the organic layer was
collected. After drying the solvent and removal in vacuo, 2.1 g (86%)
of light brown crystals was deposited. Recrystallization from hexane
afforded colorless crystals: mp 98-99.5 °C; NMR (CDCls) § 2.50 (3
H), 5,92 (1 H), 7.12-7.68 (m, 7 H). Anal. Calcd for C14H;{Br: 258.0044.
Found: 258.0031.

9-Chloro-1-methylfluorene. A procedure similar to that used to
prepare the bromo derivative was used here, starting with 2.0 g (10
mmol) of the alcohol and 7.5 g of phosphorus pentachloride. Recrys-
tallization from hexane yielded 1.7 g (85%) of slightly yellow crystals:
mp 78-80 °C; NMR (CDCls) 6 2.58 (3 H), 5.82 (1 H), 7.20-7.23 (m, 7
H). Anal. Caled for C14H;;Cl: 216.0510. Found: 216.0526.

9-IodO-1-methylfluorene. This compound was prepared by the
same method used to prepare 9-iodofluorene: 35% yield of pale brown
crystals; mp 104-105 °C dec; NMR (CDCly) 6 2.42 {3 H), 6.36 (1 H),
7.16-7.75 (m, 7 H). This compound liberated iodine readily and thus
did not analyze properly.
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Thallium(III) nitrate (TTN) is a versatile reagent for the
oxidation of a wide variety of olefinic and enolic groups, and
in almost all cases the exclusive or predominant reaction
pathway is oxidative rearrangement.? Occasionally, however,
nucleophilic displacement of the thallium substituent in the
intermediate oxythallation adduct leads to unrearranged
products (eq 1). This latter type of reaction appears to occur

oV
= N
m L
C=C — (—C —> Sv-C-C-Nu )]
solvent |1
AN
0.N0”  (ONoO,

most frequently when water or methanol is used as solvent
(i.e., Nu = Hy0 or CH30H), but we? and others*7 have noted
instances where nitrate ion participates as the nucleophile to
give nitrate esters, usually in low yield. Recently, however,
QOuellette and Bertsch have shown that certain olefins and
cyclopropanes can be converted into diol dinitrates in mod-
erate to excellent yield by treatment with TTN in pentane,?
and this report prompts us to describe some related stud-
ies.

In the course of our systematic study of the utility of TTN
as an oxidant, we have examined the reactions of various types
of functional groups with TTN in aprotic, poorly or nonnu-
cleophilic solvents. We describe now one aspect of these
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studies, namely the smooth conversion of enolizable ketones
into the corresponding a-nitrato ketones? by treatment with
TTN in either dimethyl or diethyl carbonate or, preferably,
acetonitrile.

Addition of TTN to an equimolar amount of acetophenone
dissolved in dimethyl or diethyl carbonate resulted in the
immediate formation of a dark brown color as the TTN dis-
solved. When the mixture was heated to 60-80 °C, however,
the brown color rapidly discharged and thallium(I) nitrate
precipitated. NMR spectroscopic examination of the product
obtained after workup showed that it consisted of approxi-
mately equal amounts of unreacted acetophenone and its
a-nitrato derivative, CgHsCOCH50ONO,. Similar results were
obtained with a variety of substituted acetophenones and with
propiophenone. When 2 equiv of TTN!® were used, however,
acetophenone was converted into the «-nitrato ketone in
84-87% yield; propiophenone was similarly converted into
Ce¢HsCOCH(ONO2)CHjy in 86-89% yield.

Use of dimethyl and diethy! carbonate for the oxidation of
substituted acetophenones was not entirely satisfactory. In
certain cases, most notably with 3-methoxyacetophenone, the
a-nitrato ketone was obtained in poor yield (10-15%); in other
cases the reactions proceeded exothermically, and NMR ex-
amination of the crude products revealed the presence of
variable amounts of decomposition products. Fortunately,
these problems were readily eliminated by the use of aceto-
nitrile as solvent; 2 equiv of TTN were again necessary.1®
Oxidations were carried out at 60-80 °C for 12 h and led to
excellent yields of the «-nitrato ketones. Yield data for the
various conversions are listed in Table I. Unsymmetrical di-
alkyl ketones of the type RCH,COCHsR! (butan-2-one,
pentan-2-one) were also smoothly oxidized in high yield, but
as anticipated, approximately equal amounts of isomeric «-
nitrato ketones were obtained (eq 2).

ONQ, ONO,

RCH,COCH,R" — RCHCOCH,R’ + RCH,COCHR" (2

It is now well established!! that oxidation of acetophenones
by TTN in methanol results in initial methoxythallation of
the enol C=C bond and that a subsequent 1,2-aryl migration
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