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Unexpectedly High D Atom-Incorporation at Meta
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7
This paper describes the hitherto unknown atom-exchange g
reaction between hydrogens of diaryl ketones ardkuteriums 9

1°  Na/38.1 2 24/0/0 90
Na/37.5 24 55/15/7 74
Na/38.4 48 711117 76
Na/1.0 48 d 67
Na/37.2 48 73/41/25 50
Na/37.6 240 77142/23 48
K/32.6 48 d 76
Li/35.1 48 d 1f
Sm/20.3 48 2/0/0 X3

of THF-dg oxygen, which proceeds under ordinary conditions
during the preparation of absolute THF.

aDetermined by'H NMR analysisPlsolated yield of benzophenone.
Benzhydrol [13% (run 2), 11% (run 3), 5% (run 4), 23% (run 5), 24%

Sodium and potassium benzophenone ketyls (anion radicals)(yun 6)] and benzpinacol [11% (run 4), 9% (run 5), 7% (run 6)] were

are widely used in many laboratories as an indicator for the prep-

also isolatedSThe reaction was conducted at 95. YNo deuterated

aration of absolute THF because of their characteristic deep bluebenzophenone was detecté8ee ref 51,1-Diphenyl(pentanes)-1,5-

color which is highly sensitive to moisture and oxyden.con-
nection with our recent study on the samarium(ll) triflate-pro-
moted pinacol-coupling reactidnye attempted to prepare sama-
rium(lll) benzophenone ketyl by the transmetalation of sodium
benzophenone ketyl with Sm(O%fjn THF-dg,® in which we
observed a novel HD atom-exchange reaction. Further inves-
tigation revealed that the reaction is highly sodium-selective and
proceeds through the formation of a benzophenone didfibos,
when a deep blue solution of sodium benzophenone ketyl in THF-
dg was heated at 120C with sodium metal in a sealed tube and
then the resulting red-purple solution was treated with oxygen,
partially deuterated benzophenone was obtained (Table 1).
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dianions, see: (a) Yoshimura, T.; Hou, Z.; WakatsukiOfganometallics
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(5) Typical experimental procedure follows (run 5 in Table 1): In a
glovebox, a solution of benzophenone (36.4 mg, 0.2 mmol) in TEEL
mL) was mixed with sodium (171 mg, 7.4 mmol) at room temperature. The

reaction tube was removed from the glovebox and then flame-sealed under

reduced pressure. The mixture was heated at°C2fdr 48 h. After cooling,

diol was obtained in 76% yieldOthers are a complex mixture.

Careful analysis of the crude products by means of capillary
GC-MS and FT-IR andH and *C NMR revealed that a
significant amount of the D atom was incorporated at the ortho,
meta, and para positions in this order of magnitude. When the
reaction time was short, the D atom was incorporated only at the
ortho position (run 1). These results are in sharp contrast to the
case of the samarium benzophenone dianion which was selectively
protonated at the para position when aromatic alcohols were used
as the proton sourc@The present atom-exchange reaction took
place at 95C (runs 1 and 3) or even at the boiling point of THF.

A prolonged reaction increased the D atom-incorporation affording
up to a decadeuterated product as one of the isotopic isomers
(run 6) (Figure 1).

A relatively high D content at the meta position is remarkable
because the electron density of the benzophenone dianion is
expected to be high at the ortho and para positfoftse D atom-
incorporation appears to reach a maximum in ca. 48 h atC20
(cf. runs 5 vs 6). When 1 equiv of sodium was used, no isotopic
exchange reaction occurred (run 4), which indicates that the atom-
exchange reaction does not take place via the ketyl intermediate
but proceeds through the formation of a dianion followed by the
dedeuteration from THIEE.57 Figure 2 shows théH NMR
spectrum of the reaction mixture obtained after 48 h of refluxing
at 66°C in a sealed NMR tube. The formation of the benzophe-
none dianion and its deuterated monoanion [R{OD(O")-
Ph(D,)] is apparent Based on the integral ratio of the signals,
the ortho, meta, and para hydrogens of the intermediates can be
unambiguously assigned as indicated.

Interestingly, the use of potassium or lithium in place of sodium

the sealed tube was opened in an oxygen bag, and the solution was aspiratedlid not afford any deuterated benzophenone. In the former case,

with an oxygen-containing gastight syringe. The reaction tube was washed
with a small amount of THF, and the combined solution was passed through
a short column of silica gel. After evaporation of the solvent, the crude product
was subjected to preparative TLC with hexanethyl acetate (6:1) as an eluent

to give partially deuterated benzophenone (18.7 mg, 50%). A solid: IR (KBr)
v = 2269 (C-D), 1650 cn1! (C=0); *H NMR (500 MHz, CDC}, 25 °C,
TMS) 6 = 7.78-7.84 (m, 1.08 H, ortho-H), 7.567.62 (m, 1.50 H, para-H),
7.46-7.52 (m, 2.36 H, meta-H). The intensities are determined by the
comparison with 1,4-dimethoxybenzene§ 6.84 (s, 4 H, aromatic H)] as

an internal standard®C NMR (125 Hz, CDCJ, 25 °C, TMS) 6 = 196.70,

the starting benzophenone was recovered (run 7), although the
reaction mixture turned red-purple and #td NMR spectrum
evidenced the generation of the dianion species. On the other hand,
in the latter case, a color change (bttered-purple— colorless)

was observed, and a benzophenone-THF adduct, 1,1-diphenyl-
(pentanedg)-1,5-diol? was isolated as the major product (run 8).

(6) For the deprotonation reaction of THF, see Lehmann, R.; Schlosser,

137.60, 137.51, 137.43, 132.38, 132.28, 132.17, 130.02, 130.01, 129.90, 129.73\. Tetrahedron Lett1984 25, 745 and references therein.

[t, J (C—D) = 23.8 Hz], 129.63 [t, J (ED) = 24.8 Hz], 128.25, 128.14,
128.03, 127.98, 127.85 [t, J D) = 24.8 Hz]; MS (FAB)mz (relative %)

194 (8), 193 (31), 192 (20), 191 (30), 190 (49), 189 (70), 188 (88), 187 (100),
186 (95), 185 (66), 184 (34), 183 (18), 182 (7). Partially deuterated benzhydrol

(ca. 23%) and benzopinacol (ca. 9%) were also isolated. When the reaction

was carried out in THF in a small sealed tube, 1,1-diphenyl-1-propanol (ca.
15%) was isolated as an additional byproduct, which must be formed by the
coupling reaction of the benzophenone dianion with ethylene, one of the
decomposition products of the THF anibn.

(7) THF-dg with 99.5 atan % D was used. ThtH NMR spectrum shows
two multiplets at around = 1.7 and 3.6 with a 1:0.8 integral ratio. After the
reaction, the ratio changed, in the case of run 5 in Table 1, to 1:2.1 indicating
that the D-H atom-exchange reaction occurred selectively abtip®sition.

(8) The *H NMR spectrum of the ytterbium benzophenone dianion has
been reported? The formation of thex-duterated benzhydroxide anion was
confirmed by comparing itdH NMR spectrum with that of the authentic
diphenylmethoxide prepared from benzhydrol and NaH, in the presence of
the freshly prepared sodium benzophenone dianion.
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Figure 1. Mass spectra (FAB) of benzophenone (a), partially deuterated 1) D o
benzophenone (b, run 6 in Table 1), and benzophedan). ,//:[H*] ( /:[H*] @
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Figure 2. Phenyl part of thelH NMR spectrum of the reaction
intermediates (PhCOPh-excess Na, Td#F66 °C, 48 h).
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The reaction seems to proceed through the formation of the H o Do D D

lithium benzophenone dianiéih'® followed by its alkylative ° 0
opening of THFeg with the aid of a Lewis acidic lithium iof&t
Surprisingly, to the best of our knowledge, there has been no Table 2. H—D Exchange Reaction of 9-Fluorenone with Tid§-
report concerning such a reductive coupling reaction. . o N« T
The opposite B-H exchange reaction of benzophenaheg?!
with THF was also realized under the same conditions as above metal/ WP de_ Q2 (7 I Q '
(cf. run 5 in Table 1) but with less efficiency [H content (%): 126°C 3\4\Dm \5\gn
ortho/meta/para 16:4:1]. The observed isotope effect has been

estimated to be ca. 6. _ _ D content (%) '
A possible reaction path for the+HD atom-exchange reaction ~_run  metal/fequiv_ time (h) 1(8)/2(7)/3(6)/4(5)  yield (%)

of the sodium benzophenone dianion with THis shown in 1 Na/38.9 48 27/0/0/0 100
Scheme 1. Because the electron density is high at the ortho and 2 Na/37.8 240 52/0/0/0 96
para positions, the dedeuteration from THFwould predomi- 2 E//%%ZZ %28 éi’?ﬁg 6%
nantly take place at the ortho and para positions to produce the 5 Sm/20.3 240 9/0/0/0 23

corresponding- andp-deuterated enolate$ &nd2)**and 2-tetra-
hydrofuryl-d; anion® Hydrogen-selective deprotonation from the 2 Determined by'H NMR analysisPIsolated yield °9-Hydroxyfluo-
former by the latter (or by any other dianion species) affords the rene (20%) and the THEs adduct (10%) were also isolatedvhen

o- andp-D-substituted dianions3(and4). On the other hand, the ~ the reaction was carried out in THF, 1,1-(9-fluorenylidene)-1,5-
formation of them-D-substituted dianior) would occur via 1,2- pentanediol was obtained in 55% yiet@thers are a complex mixture.

rearrangement of thermetalated dienones (e.§), aresonance  penzophenone case, potassium and lithium were found to promote

form of theo-D- andp-D-substituted trienolatel(and2), giving the atom-exchange reaction to a considerable extent, although the
a thermodynamically more stalemetalated dienones (e.@),'%** recovery of 9-fluorenone was not always hitjh.

The metal-induced atom-exchange reaction of 9-fluorenone was | conclusion, we disclosed hitherto unknown atom-exchange
also investigated (Table 2). The reaction with sodium exclusively reactions of diaryl ketone dianions with THF, the reaction course
afforded the 1(8)-D-substituted 9-fluorenone (run“@ynlike the of which is highly dependent on the countercations employed.

(9) Alternatively, 1,1-diphenylpentane-1,5-diol was prepared in a similar Al Protons of the sodium benzophenone dianion intermediate

manner using THF instead of THi-and fully identified with an authentic were unambiguously assigned by the D-incorporation experiment.
sample which was prepared according to a literature method: Lehmann, J.;

Marquardt, N.Liebigs. Ann. Cheml988 827. Acknowledgment. This work was partly supported by a Grant-in-Aid
(10) For the X-ray structural analysis of lithium benzophenone dianion, for Scientific Research from the Ministry of Education, Science, Sports,
see: Bogdanovic, B.; Kger, C.; Wermeckes, B\ngew. Chem., Int. Ed. Engl. and Culture, Japan, and also by the Asahi Glass Foundation. The authors
1988) 19, 817. One of the lithium ions is shown to interact with the ortho  are grateful to Professor Emeritus Hiizu lwamura and Dr. Yasuo Wakat-

carbon. ; ; ; ; ; ;

(11) For the alkylative opening of THF, see: Moret, E.: Desponds, O.: suki (RIKE.N) for thelryaluablg discussions on the reaction mechanism.
Schlosser, MJ. Organomet. Chen1991, 409, 83 and references therein. An Supporting Information Available: H NMR (500 MHz) spectrum
excellent review for organoalkali compounds, see: Schlosser, M. Organoalkali of sodium benzophenone dianidfi and3C NMR (125 MHz), IR, and
Reagents. IrOrganometallics in Synthesis: A Manud@chlosser, M., Ed.; mass spectra of partially deuterated benzophenone (PDF). This material

John Wiley & Sons: New York, 1994; p 1. : : : .
(12) Benzophenoner, was prepared according to a literature method by is available free of charge via the Internet at http://pubs.acs.org.

using benzenes (99.5 atom % D) instead of benzene: Marvel, C. S.; Sperry, JA983425I

W. M. in Org. Synth,. Coll. Vol. 1(Eds.: Gilman, H.; Blatt, A. H.), Wiley:

New York, 1941; p 95. (14) Quite recently, an X-ray structural analysis of sodium 9-fluorenone
(13) An attempt to trap the intermedia®@and?7 directly with methyl iodide dianion has been done, which indicates the definite interaction between the

resulted in failure probably because of their instability and low concentration metal cation and aromatic ring, particularly with the ortho position. See, Hou,

in the medium, cf.: Garst, J. F.; Smith, C. D.Am. Chem. So4976 98, 1520. Z.; Fujita, A.; Yamazaki, H.; Wakatsuki, YChem. Commurl998 669.




