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Novel areno-annulated 1,3-dimethyl-10-phenylcyclohepta[4,5]pyrrolalfy@rimidine-2,4(1,3)-dio-
nylium ions 12a,b"-BF,~ and 16a"-BF,~ were synthesized by three-step reactions, starting from the
reactions of benzdftropone and naphtho[2,8}tropone with 6-anilino-1,3-dimethyluracil. Structural
characteristics o12a,b" and 16a" were clarified on inspection of the UWis and NMR spectral data

as well as by X-ray crystal analyses. The stability of catibBa,bt and16a’ is expressed by thek
values which were determined spectrophotometrically as the values of ee.0.5The K value of

the naphthdj]tropylium ion 4+ was clarified to be much lower, &t0. The electrochemical reduction of
12a,b" and 16a" exhibited reduction potentials at0.46 to —0.67 (V vs Ag/AgNQ) upon cyclic
voltammetry (CV). The reduction potentials of the benzotropylium ion and cdtionwere —0.26 and
—0.09 V, respectively. In a search for reactivity, reaction&2s,b-BF,~ with some nucleophiles, hydride
and diethylamine, were carried out. Although the reaction$2af -BF,~ afforded C11 adduct9 as a
single product, the addition reactionsl@b"-BF,~ proceeded at both C9 and C11. The attempted reduction
of methyl benzoylformate by usir@fl was carried out unsuccessfully. The photoinduced oxidation reaction
of 12a,b"-BF,~ and 16a"-BF,~ toward some amines under aerobic conditions was carried out to give
the corresponding imines (isolated by converting to the corresponding 2,4-dinitrophenylhydrazones) with
the recycling number of 3:621.7.

Introduction benzene rings. These long-known substances have attracted the
d wide interest of both theoretical and experimental scierfists.
Among these substances, pentacene has received much attention
as an active semiconducting material in field-effect transistors

The concept of aromaticity is fundamental to rationalize an
understand the structure and reactivity of many known chemical
species. In the quest for a better understanding of this concept, i . ) .
the study of compounds with condensed benzene rings hasbecause of its unusually high charge-carrier mobflign the

occupied many organic and theoretical chemists. Polyacenes aré’mﬁr hand, ht;,'.llcen’:as htavel alsot.?tt;acttﬁd gfene(;al mtere;st pecause
polycyclic aromatic hydrocarbons consisting of linearly fused ot theirrepeating structural motit of ortho-fused aromatic rings

* Corresponding author. Telephone:81-(0)3-5286-3236. Fax:+81-(0)3- (2) (a) Clar, E.Polycyclic HydrocarbonsAcademic Press: London,
3208-2735. 1964; Vols. 1 and 2. (b) Geerts, Y.; Kfer, G.; Millen, K. In Electronic

(1) Balaban, A. T.; Oniciu, D. C.; Katritzky, A. RChem. Re. 2004 Materials: The Oligomer ApproagiMdillen, K., Wagner, G., Eds.; Wiley-
104, 2777. VCH: Weinheim, Germany, 1998; 48.
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that result in a unique combination of the following features: 9a 9
helical chirality, inherently strong chromophores, and the v
possibility for steric/electronic interactions between overlapping
rings# Thus, ther-conjugation mode in polycyclic conjugated BF, BFy Ph
7-systems containing more than on@ (4 2) conjugation loop 10 1 N 1Me 1N e
is an important subject from both theoretical and experimental O i N>=o + |0 @ 4 N>§o
viewpoints. The combination of more than onesystem can y 5 4 NM3 550 Me
endow the originalr-system with new properties. Previously, e —
we have studied the synthesis and structural and chemical 12a"-BF, 12b™-BF,
properties of catacondensed aromatisystems, azuleno[1,2-
alazulene derivativésand azuleno-annulated 1,6-methano[10]- N IHTs
annulene derivativesWe have now focused our attention on :
the cycloheptatrienylium (tropylium) iot*-BF4~ (Figure 1), T OQ - O OEt +11b

which has fair thermodynamic stabilityp;+ = 3.9)” Although 10
the tropylium ion1* is stabilized by annulation with five-

membered aromatic heterocycles, as demonstrated by cations * Reagents and conditions: (i) (a) LIAKHE®O, room temperature, 0.5
2at and2b* (2a+ pKrs = 6.7; bt PKry = 6.0),8’9 tropylium h; (b) 60% aqueous HCIKDAC,0, 0°C, 20 min; (ii) NaH, CHCN, —40

. . " . °C, 20 h; (iii) NaBH,;, CeCk, molecular sieve of 0.4 nm, EtOH, reflux, 4
ions annulated with benzened’, have been appreciably p () p-TsOH, molecular sieve of 0.4 nm, GEN, room temperature, 6
destabilized (Kr+ = 1.6)°In addition, because the synthesis h; (v) (a) DDQ, CHC}, reflux, 16 h: (b) 42% aqueous HBFAC,0, 0°C,
of naphtho-annulated tropylium ich™ has been reportéld,its 1h.

stability and electrochemical properties are also interesting.

On the other hand, we have reported the synthesis, properties
and reactivity of 1,3-dimethylcyclohepta[4,5]pyrrolo[2)B-
pyrimidine-2,4(1,81)-dionylium ion5a,b*-BF 4 12and its furan
and thiophene analogués™-BF,~ 12 and5d"-BF,~ 14 as well

as their novel photoinduced autorecycling oxidizing reactions
toward some alcohols and amin@dn this context, we have
recently reported the synthesis, properties, and oxidizing ability
of 67-BF,~.16 The properties and reactivity of compound
67-BF,~ were much perturbed by the benzo annulation on
5ct-BF4~. Thus, the areno annulation oria™-BF,~ is a very
interesting project from the viewpoint of exploration of novel
functions. In this study, we have investigated the synthesis of
novel cationg 2a,b"-BF4~ (Scheme 1) andl6a-BF,~ (Scheme

2), which are derived from annulation 8&" with benzene and
naphthalene rings. Their structural characteristics were deduced

(3) (a) Dimitrakopoulos, C. D.; Malenfant, P. R. Adv. Mater. 2002
14, 99. (b) Hegmann, F. A.; Tykwinski, R. R.; Lui, K. P. H.; Bullock, J.
E.; Anthony, J. EPhys. Re. Lett. 2002 89, 227403-1/4. (c) Meng, H.;
Bendikov, M.; Mitchell, G.; Helgeson, R.; Wudl, F.; Bao, Z.; Siegrist, T.;
Kloc, C.; Chen, C.-HAdv. Mater. 2003 15, 1090.

(4) Martin, R. H.Angew. Chem., Int. Ed. Engl974 13, 649.

(5) (a) Nitta, M.; lino, Y.; Sugiyama, T.; Akaogi, Aletrahedron Lett.

1993 34, 831. (b) Nitta, M.; lino, Y.; Sugiyama, T.; Toyota, Aetrahedron
Lett. 1993 34, 835. (c) Nitta, M.; Nishimura, K.; lino, YTetrahedron Lett.
1993 34, 2157.

(6) (a) Nitta, M.; Kawaji, H.; Kanomata, Nletrahedron Lett1992 33,
251. (b) Ito, K.; Kawaji, H.; Nitta, M.Tetrahedron Lett1994 35, 2561.

(7) Okamoto, K.; Takeuchi, K.; Komatsu, K.; Kubota, Y.; Ohara, R.;
Arima, M.; Takahashi, K.; Waki, Y.; Shirai, S.etrahedron983 39, 4011
and references therein.

(8) Kato, M.; Kobayashi H.; Miwa, TTetrahedron Lett198Q 21, 3375.

(9) Turnbo, R. G.; Sullivan, D. L.; Pettit, Rl. Am. Chem. Sod 964
86, 5630.

(10) Rennhard, H. H.; Heilbronner, E.; EschenmoseCiiem. Ind1955
415.

(11) (a) Komatsu, K.; Tsuji, R.; Takeuchi, Rletrahedron Lett1989
30, 4689. (b) Gerson, F.; Huber, W.; MGllen, Kelv. Chim. Actal981,
64, 2766.

(12) Naya, S.; Nitta, MTetrahedron2003 59, 7291.

on the basis of the U¥vis and NMR spectral data as well as
by X-ray crystal analyses. The stability and electrochemical
properties ofl2a,b™-BF,~ and16a*-BF,~ as well as those of
naphthob]tropylium ion 4t-ClO,~ were demonstrated. In a
search for reactivity, reactions df2a,b™-BF,~ with some

nucleophiles, hydride and diethylamine, were carried out. The
photoinduced oxidizing reaction &Pa,b"™BF,~ and16aBF,~

(13) (a) Naya, S.; Miyama, H.; Yasu, K.; Takayasu, T.; Nitta, M.
Tetrahedror2003 59, 1811. (b) Naya, S.; Nitta, Mletrahedror2003 59,
37009.

(14) Naya, S.; Miyama, H.; Yasu, K.; Takayasu, T.; Nitta, Mtrahe-
dron 2003 59, 4929.

(15) Naya, S.; Nitta, MTetrahedron2004 60, 9139.

(16) Naya, S.; Tokunaka, T.; Nitta, M. Org. Chem2003 68, 9317.
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a Reagents and conditions: (i) NaBHCeCk, molecular sieve of 0.4
nm, EtOH, reflux, 5 h; (ii) 60% agueous HCIQAC,0O, 0°C, 20 min; (iii)
p-TsOH, molecular sieve of 0.4 nm, GEIN, room temperature, 3 h; (iv)
(a) CHCE, reflux, 6 h; (b) DDQ, CHG, reflux, 16 h; (b) 42% aqueous
HBF4, Ac20, 0°C, 1 h; (v) CHCE, CDsCN, 60°C, 6 h.
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in the presence g&-TsOH at room temperaturerfé h afforded

a mixture of9aand9b in almost quantitative yield (99%). The
ratio of 9a and9b was determined to be 1:5 from thd NMR
spectrum of the mixture. Thus, the synthesis of desired
compounds9a,b was achieved without isolation of unstable
cation3*. Because compound@s,bwere unstable on SiCand

Al O3, these regioisomers could not be separated, and thus, the
mixture of 9a and9b was used for further reaction. A heating

of the mixture of9a and9b with DDQ in CHCk under reflux

for 16 h and a subsequent anion exchange reaction using
aqueous HBFin Ac,0 afforded a mixture oll2a"-BF,~ and
12b*-BF4~ in a moderate yield. Separation b2a"-BF,~ and
12b*-BF,~ was accomplished by fractional recrystallization
from CH;CN/ACOEt to give pure samples dRa™-BF,~ and
12b*-BF4~. Although the ratio of startin@a and9b was 1:5,

the yields of productd2aBF,~ and 12b™-BF,~ were 30%

and 8%, respectively. This fact suggests that the rearrangement
from 9b to 9a would occur under the reaction conditions (vide
infra).

The synthesis of naphtho-annulated derivatiéa*-BF,~ was
accomplished by a similar route starting from naphtho[f;3-
troponel3?° (Scheme 2). The reduction a8 with NaBH; in
EtOH in the presence of Cefand molecular sieves (0.4 nm)
was carried out to givé4 in 95% yield as a single product. In
addition, the treatment df4 with 70% aqueous HCIQin Ac,O
afforded naphthdgtropylium ion4*-CIO4~ in 64% yield. Thus,
the reduction of tropone derivatives using NaBhithe presence
of CeCk would provide a useful method for the generation of
unstable tropylium ions. The reaction 8fwith 14 in CH;CN
in the presence g&-TsOH at room temperaturerf@ h afforded
a mixture of15aand 15b in almost quantitative yield (99%).

toward some amines was investigated as well. We report hereThe ratio of15aand15bwas determined to be 1:7 from thd

the results in detail.

Results and Discussion

Synthesis The synthesis of2a-BF,~ and12bt-BF,~ was
accomplished by three-step reactions starting from béfzo[
tropone7 (Scheme 1). According to the reported proceddire,
the benzotropylium catior8™-ClO4~ was prepared by the
reduction of benzdiltropone7'8 with LiAIH 4, and subsequent
dehydroxylation by HCIQ A reaction of3*-CIO4~ with 1,3-
dimethyl-6-phenylaminouracB in CH3CN in the presence of
NaH at—40 °C for 20 h gave a mixture ddaand9b in a good
combined yield (82%). The ratio &a and9b was determined
to be 1:5 from théH NMR spectrum of the mixture. Because
the cation3+BF4~ is unstable (Kr+ = 1.6)1° the stray water
in the solvent causes lowering of the yield @#,b. Conse-
quently, an alternative route via 5-ethoxiHbenzocycloheptene
11b was studied. Previously, the synthesisldb from 7 via
hydrazonel 0 has been reporteéd;however, the yield o1 0was
modest (50%) and the reaction 1@ afforded a mixture ofl1a
andl11b. Thus, as the modified procedure, the one-step reduction
of 7 with NaBH, in EtOH in the presence of Cefhnd
molecular sieves (0.4 nm) was carried out to givdo in 94%
yield. It is noteworthy thatl1b was a single product, and no
generation ofLl1lawas observed. The result is probably due to
the more stable nature &flb, suggested by the calculated heat
of formation (vide infra). A reaction 08 with 11bin CHs;CN

(17) Rennhard, H. H.; Modica, G. Di; Simon, W.; Heilbronner, E.;
Eschenmoser, AHelv. Chim 1957 22, 230.

(18) Buchanan, G. L.; Lockhart, D. R. Chem. Sacl959 3586.

(19) Kirmse, W.; Sluma, H. DJ. Org. Chem1988 53, 763.
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NMR spectrum of the mixture. Heating of the mixtureldfa,b
and DDQ in CHC} under reflux for 16 h and a subsequent
anion exchange reaction using aqueous HiBFAc,O afforded
16a™-BF,~, which is expected froni5a in a modest yield
(19%) as a single product, and generation16bt was not
observed. Apparently, rearrangement frasb to 15a would
occur under the reaction conditions. Becadsd could be
isolated by recrystallization of a mixture dbaand15b, thermal
reactions ofl5b in the absence or presence of Chl@lere
monitored by 'H NMR spectroscopy in acid-free CDLI
prepared by passing through basie@d. By heating at 60°C

for 6 h, the reaction ofl5b in the absence of CHghfforded

a mixture of8, 153 and15b in a ratio of 0.01:0.04:1.00. In
contrast, the reaction in the presence of CHé@fforded a
mixture of 8, 15a and 15b in a ratio of 0.03:1.40:1.00,
suggesting that the acid-catalyzed rearrangement frtbimto
15aand decomposition would occur. Consequently, the method
for synthesizindl6a-BF,~ was modified as follows: A solution

of 15aand15bin CHCl; was heated at 68C for 6 h, followed

by addition of DDQ. The resulted mixture was heated under
reflux for 16 h, and a subsequent anion exchange reaction using
aqueous HBEin Ac,0 afforded16a™BF,~ in a better yield
(25%). To clarify the product ratios in the reduction ®and

13 as well as in the substitution reaction bib and 14, MO
calculations of9a,b and 15a,b as well as of MeO-substituted
model compound47a,band18a,bwere carried out using the
AM1 method (MOPAC97¥! and their heat of formation is
summarized in Figure 2. CompountiBaand18aare less stable

(20) Hayakawa, K.; Hori, N.; Kanematsu, Khem. Pharm. Bull1983
31, 1809.
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MeO TABLE 1. ZAmax, PKr+ Values, and Reduction Potential3 of

table
s Cations 2", 3", 12a,b, and 16a,b™® and Reference Compounds 1
and 5a"

reduction potential

17a1(n2 (I)() nor 17'1:([‘1 ?( o compd AmadnM Ket (ELedV)
7. 3 .87
s _91 eaimo 185 687 1°a mo 128" 457 9.0 —0.67
am=1 =1 12b* 491 ca.0.5 ~0.49
36.75 kealmol 36.13 kcalmol 16a" 467 6.3 —0.46
o 1+ec 273 3.9 —-0.51
3 Me 3+d 426 1.6 —0.26
J~NHPh 4t e 593 <0 —0.09
i —
PhHN Me stable g 5a 414 10.9 0.84
m =0 > aV vs Ag/AgNQ;s: cathodic peak potential.Salts 12a,b"-BF4~ and
16a"-BF,~ as well as salt8*-ClO4~ and 47-ClO4~ were used for the
n measurement.Ref 7.9 Ref 10.¢ Ref 11.7Ref 12.
9a(n=0) 9b (n =0)
60.48 kcalmol ! 61.25 kcalmol™’ 53.14 ph 83.17
Ph 95 N Me
15a (n = 1) 15b (n=1) 8.0 N_ Me . y
79.83 kcalmol ™" 80.35 kcalmol” 70 :>=o 105 @ /Eo
. \ (6] Me
FIGURE 2. Calculated heat of formation (kcal/mol). 80 4450 Me 3-58 .
7.0
5.0 1 . + - + .
— 42a 12a*-BF, 12b*-BF,
......... 12b°
‘T; ———153 Ph8315 Ph5314
o Me  10.0
; tesosusRioge
© 8
E 1150 Me . 10.1 O Me
s 16a*BF, 5a*BF,
(=]
S
10.5 10.4
300 :100 500 600 3*-clo, 4'clo,
A/ nm
) . oe - B B FIGURE 4. Chemical shifts and coupling constantsi@a,b™BF,~,
FIGURE 3. UV-—vis spectra oba™BF,, 12a,b™BF,~, and16a™BF, 16at-BF,, 5a"-BF,~, 3*-ClO,4~, and4*-ClO,".

in CHsCN.

become longer in the ordérat < 12at < 16a‘, suggesting
the elongated-conjugation (Table 1). In additiomax of 120"
shows a large red-shift by 77 and 34 nm, as compared with
those of5a* and 12a', respectively. The feature would be
explained by considering the raised HOMO1@b™ due to the
large deformation of ther-system from planarity (vide infra).
The 'H NMR spectra ofl2a,b™BF,~ and 16a"™BF,~ are
hoteworthy because the chemical shifts of fused aromatic ring
systems are quite useful in determining structural properties such
as diatropicity and bond alternation. Unambiguous proton
assignments were made by analyzihtjNMR, H—H COSY,
and NOE spectra. The chemical shift of N1Me and selected
coupling constants of the peripheral protonsl@a,b"-BF,~
and 16a"-BF,~ are shown in Figure 4, together with those
of the reference compound3™-ClO,~,1° 4"-ClO4~,11 and
5a™BF,4 .12 The corrected and precise proton assignment of

than17b and18b, respectively. In addition, the acid-catalyzed
rearrangement froni7ato 17b has been reported. Thus,
exclusive generation df1b and14 would be rationalized from
the thermodynamic stability and possible rearrangement in the
presence of Ceglunder thermal conditions. In contrast, the
reactions ofL1b and14 with 8 proceeded under relatively low
temperature, and thus, the reactions seem to proceed kinetically,
Concerning uracil adduca,b and15a,h compound®a and
15a are more stable tha@b and 15b, respectively, and thus,
the rearrangement fro@b to 9a as well as that froni5b to
15awould proceed under acidic and thermal conditions.
Properties. Compoundsl2a,b™BF,~ and16a™BF4~ were
fully characterized on the basis of thd NMR, 3C NMR, IR,
UV-—vis, and mass spectral data, as well as by elemental
analyses and X-ray analyses. Mass spectf®afb™BF,~ and

16a™BF,~ exhibited the correct M—BF4~ ion peak, which is 4+-ClO,~ was made by analyzintH NMR and H-H COSY
indicative of the cationic nature of the compound. The charac- spectra in this study. The proton signal of NIMela, b -BF,~
teristic absorption band for the counteriomBl-Vvas observed and 16a™BF,~ (12a™BF,~, 6 3.14; 12b™BF,, '6 3.17,
at 1034 cm’ |n.th.e IR spectra. L.JVV.'S spectra ofl 2a,b" {:md 16a™BF,~, 0 3.15) is remarkably shifted to a higher field as
16a’ in acetonitrile are shown in Figure 3, together with that compared with that of N1Me db*-BF,~ (& 3.94)12 suggesting
of 5a’. The longest wavelength absorption maximiaa() that N1Me of12a,b™-BF,~ and 16a™+BF,~ is located within
. the shielding region of the phenyl group. This feature is similar
Anszgt?e%varéohgigég&ggegggg %e%;rHeﬁ'ij-s':;?ngg‘k’)"iighJ-EJ- g- to that of5a™-BF,~ and is confirmed by X-ray structure analysis
THEOCHEM1988 180, 1. | ' N "7 7" (vide infra). Concerning the seven-membered ritRg"-BF 4~

(22) Bertelli, D. J.; Rossiter, W. Jetrahedron1968§ 24, 609. [Js6=11.5 Hz],12b"-BF4 [Jg.10= 10.5 HZz,J1011= 9.5 Hz],
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(a) Top view
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12b*

FIGURE 5. ORTEP drawings ol2a,b"-BF,~ with a thermal ellipsoid plot (50% probability). Selected bond lengths (A)2sf-BF,~: N1—C1,
1.355; N}-C4, 1.414; C+C2, 1.395; C2-C3, 1.393; C3-C4, 1.441; C4C5, 1.365; C5C6, 1.421; C6-C7, 1.425; C7#C8, 1.439; C8-C9,
1.353; C3-C9, 1.417; C6-C10, 1.427; C16-C11, 1.360; C1+C12, 1.404; C12C13, 1.369; C#C13, 1.415. Selected bond lengths (A) of
12b"-BF,~: N1-C1, 1.354; N+-C4, 1.411; C+C2, 1.417; C2-C3, 1.416; C3-C4, 1.442; C4C5, 1.374; C5C6, 1.403; C6-C7, 1.363; C+
C8, 1.431; C8C9, 1.442; C3-C9, 1.450; C8C10, 1.429; C16C11, 1.365; C1+C12, 1.409; C12C13, 1.378; C9-C13, 1.414.

and16aBF,; [Js6 = 11.5 Hz] show larger bond alternations
as compared with that da"BF,~. In addition, the value of
the coupling constant of the E€10-C11 moiety of12b*-BF4~

is similar to those oB8"-ClO,~ 8 and4+-ClO4~,8 suggesting

much shorter than those of €&6, C7—C8, and C3-C9.
Similarly, in cation12b"+-BF,~, the bond lengths of C4AC5
and C6-C7 are much shorter than those of-@56, C7—-CS8,
and C3-C9. Furthermore, in both cations dPa,b"BF,;~, the

the existence of the bond fixation of the seven-membered ring bond lengths of C18C11 and C12C13 are shorter than that

of 12a,b™-BF,~ and16a-BF,~ due to the benzo and naphtho
annulation. The benzo moiety dRa™-BF,~ [J;g = 8.0 Hz,
Jso = 7.0 Hz, Jg10 = 8.0 Hz] and the naphtho moiety of
168\+'BF47 [\]8,9: 8.0 HZ,Jg,lo: 6.5 HZ,J10,11: 8.0 HZ] show

of C11-C12. These facts suggest the existence of bond
alternation, as shown in the canonical structurd 2,b"—B
(Figure 6). In addition, the differences in bond lengths of €10
C11-C12 in12a,b"-BF4 are relatively smaller as compared

relatively smaller bond alternations as compared with those of with those in the seven-membered ring, suggesting the existence

3*-ClO4~ and 4*-ClO4™, respectively. In contrast, the benzo
moiety Of12b+‘BF4_ [Js,e =85 HZ,J5,7 =7.0 HZ,J7’8 =85

of a small contribution of the canonical structuresl@g,b™—
C. Furthermore, the differences in bond lengths of E001—

Hz] shows a larger bond alternation as compared with those of C12 in cationl2a™BF,~ are smaller as compared with those

12a"™BF,~ and 16a™-BF,~ and the coupling constants are
similar to those o3"-ClO4™.

Single crystals ofl2a,b™BF,~ were obtained by recrystal-
lization from CHCN/ACOELt. Thus, X-ray crystal analyses of
12a,b"-BF,~ were performed, and the ORTEP drawings are
shown in Figure 53 The counteranion (BF) in 12a,b™BF4~
is omitted for clarity. The planes of the phenyl groups in
12a,b"-BF,~ are twisted at 7738and 85.9 against the plane
of the pyrrole ring, respectively. Although the-system of
12a"-BF4~ has a nearly planar structure, thesystem of
12b"-BF4~ shows large deformation from planarity like a

in 12b*-BF,~. Thus, a contribution of the canonical structure
of 12a"—C would be larger than that df2b*—C. The features
agree with the structures df2a,b™-BF,~ on the basis of
inspection of the'H NMR.

The affinity of the carbocation toward hydroxide ions
expressed by ther+ value is the most common criterion of
carbocation stability? The Kr+ values of cationd2a,b" and
16a" as well as that of naphthigfropylium ion 4t were
determined spectrophotometrically in buffer solutions prepared
in 50% aqueous CHCN and are summarized in Table 1, along
with those of the reference compountis?” 3*,10 and 5a".12

helicene because of the steric repulsion between the C13H andBecause a sharp titration curve for the neutralization of cation

C17=02 double bonds. In both cations d2a,b"-BF,;~, the
bond length of N+C1 is shorter than that of NiC4,

12b* was not obtained, theg+ value was estimated to be ca.
0.5. In addition, the reaction of catiof™ with hydroxide in

suggesting that the former bond has a larger bond order. In all-buffer solutions proceeded completely and the peak of cation

cation12a™BF,4~, the bond lengths of CAC5 and C8-C9 are

4% was not observed in all-buffer solutions; thus, tigpvalue

(23) Altomare, A.; Burla, M. C.; Camalli, M.; Cascarano, M.; Giaco-
vazzo, C.; Guagliardi, A.; Polidori, G.. Appl. Crystallogr1994 27, 435.
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(24) Freedman, H. H. IfCarbonium lons Olah, G. A., Schleyer, P.,
Eds.; Wiley-Insterscience: New York, 1973.
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' 12a-C | 120°-C and —106.89, respectivelis thus, the slope of the regression
line of cations5a’, 12a", and 16a" is smaller than that of
+ +ﬁh e cations5a—d*. Furthermore, the value is smaller than 1.0,
N. Me WM ; SO .
N O 7 N0 suggesting that the more stable cation gives a less stable radical
OO N>=O N, in a single-electron reduction &&", 12a", and16a".2>26 The
O Me O o Me plot of 12b' is placed at a far position from the regression line
12a*-D 12b*-D because of its very smalKg value, suggesting that the relation
betweerElqgand Kr+ values is different from that of cations
FIGURE 6. Resonance contributions for tropylium iod®a" and 5at, 12a", and16a". The feature would be attributable to the

12b". deformation of12b"™ from planarity arising from the steric

. . repulsion: because the steric repulsion is reduced by the
of cation 4" was estimated to be-0. The [Kg+ values are  jncorporation of OH, equilibrium between catiod2b* and
smaller, in the ordeba’ (pKg+ = 10.9)> 12a" (pKr+ = 9.0) the corresponding alcohol would favor the alcohol. Thus, the
> 16a" (pKr+ = 6.3), suggesting that the perturbation derived pKg+ value of12b* would become smaller as compared with
from the naphtho annul'ation is larger as co'mpared with that ¢4t expected foEleq This feature may also be ascribed to
from the benzo annulation. The feature is similar to those of {he jnstapility of the corresponding alcohol under the conditions
cations1"—4*, and thus, catiod" would have a very small  f the K, measurement. Immediate (5 s) acidification of an
PKr+ value. In contrast, thelf value of cationl2b”™ (pKr- alkaline solution (ca. pH 14) of2bt with TFA regenerated

= ca. 0.5) is much smaller. , the absorption maxima of the cations in the visible regions in
The reduction potentials of catiod®a,b™ and16a" as well 91% yield.

as those of cation8™ and 4t were determined by cyclic
voltammentry (CV) in CHCN. The reduction waves were
irreversible under the conditions of the CV measurements, and
thus, the peak potentials are summarized in Table 1, togethe
with those of the reference compountis” and 5a+.22 The
irreversible nature of2a,b" and16at as well as that of cations
3" and4" is probably due to the formation of a radical species
and its dimerization, which is reported to be a typical property
of uracil-annulated heteroazulenylium ions suckasc’.12-14

The El.eq values are less negative in the oréar > 12a” >
12b* > 16a’. Similarly, theEl,q values are less negative in
the orderlt > 3* > 4%, supporting that the perturbation derived
from the naphtho annulation is larger as compared with that
from the benzo annulation.

The Kgr; values of cationsat, 12a,b", and16a" are plotted
against theElq values of these cations (Figure 7). The units
of Eleq and Kr+ values were converted to kJ/mot96.5 x
EledV and 5.7x (pKrs+ — 14)].122526A good linear correlation
line for 5a", 12a", and16a" was obtained, and the slope and
y-intercept of this regression line were 0.72 and5.439,
respectively (correlation coefficient 0.999). We have previ-
ously reported a similar correlation line obtained for cations
5a—d", and the slope ang-intercept were obtained as 1.09

Reactivity. To clarify the reactivity, the reactions of
12a,b"-BF4~ with some nucleophiles, NaBfand diethylamine,
were investigated. Although the reductionsaf-d*-BF,~ with
'NaBH, proceeded at C5, C7, and C9 to give mixtures of three
regioisomers2-14the reduction ofl2a™BF4~ occurred at C11
to give a single producfl9 in moderate yield (Scheme 3).
Compoundl9 was oxidized by DDQ to regenerat@a™BF 4~
in good yield. On the other hand, a reactiorl@b™-BF,~ with
NaBH,; was carried out in an NMR tube to give a mixture of
C9 adduc0and C11 addu@1in a ratio of 2:3. The formation
of 19—21 would be ascribed to the stability of the closed
pyrrolopyrimidine and benzene rings. The formation of the C11
adduct which predominates over the C9 adduct is similar to
the reaction ofsat-BF,~ with NaBH,, in which the ratio of
the C9 adduct was larger than those of the C5 and C7 adducts.
In addition, compound.9 was used for the reduction of ethyl
benzoylformate24; however, the reduction did not proceed and
starting compound49 and 24 were recovered quantitatively.
The low reactivity of19 would be attributable to the lower
stability of the corresponding catidi2a™BF,~, and thus, benzo
and naphtho annulations were not effective for the reducing
ability.2” Furthermore, reactions df2a,b™BF,~ with diethy-
lamine in NMR tubes were carried out. The diethylamine
addition of12a"-BF4~ occurred at C11 to affor@2, similar to

(25) Naya, S.; Nitta, MJ. Chem. Soc., Perkin Trans.2D0Q 2427.
(26) Naya, S.; Sakakibara, T.; Nitta, M. Chem. Soc., Perkin Trans. 2
2001, 1032. (27) Naya, S.; Nishimura, J.; Nitta, M. Org. Chem in press.
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TABLE 2. Autorecycling Oxidation of Some Amines by
12a,b"BF4~ and 16aBF,;~ under Photoirradiation 2

o 19 12a* OH ; i b.c i
Ph)jﬁ(OEt s y Ph/’\,(OE‘ run compd amine yielginol recycling no?

0 i H o) 1 12a"BFs;~ PhCHNH, 83.9 16.8

2 25 2 12a-BFs  PhCH(Me)NH 50.0 10.0
3 12aBF,~ hexylamine 17.9 3.6

a Reagents and conditions: (i) NaBHCHsCN, room temperature, 2 h; 4 12&;‘3':4: cyclohexylamine 0.0 0
(ii) NaBH4, CDsCN, room temperature, 2 h; (iii) (a) DDQ, GAl,, room 5 12b+'BF47 PhCHNH, 108.4 217
temperature, 2 h; (b) 42% aqueous HR&c;0, 0°C, 1 h; (iv) diethylamine, 6 12b+'BF4_ PhCH(Me)NH 52.9 10.6
CD5CN, room temperature, 30 s; (v) 42% aqueous kB0, 0°C, 1 h; 7 12b+'BF47 hexylamine 42.9 8.6
(Vi) Mg(CIO,);, CHCh, CH,CN, 60°C, 4 days. g ig;:gg} %Céoﬁ*jﬁﬁz'am'”e 8281-0 17366
the reaction with NaBHl In contrast, the reaction 42b*-BF4~ 1(1) igi:g:ﬁ;‘, Eggﬂ;ﬂﬁg\“ 677:5 1%59

with diethylamine procee+ded at only C9 to gi28 as a single 12 16a™BFs,  cyclohexylamine 20.5 59
product. The reaction &a"-BF,~ with diethylamine proceeded 2 A CH-CN (16 mL) solution of compount2a.bBF .~ of 168 -BF .~
a_t o_nIy C7:% and thus, the reactivity af2b™+BF,~ would be (5 umol) Zmd é\mines)(z.s mmol, SOOpequiv) V\‘/as irrgdiated by RIgR-loo
similar to that of5a"BF4~. Compound22 and 23 are stable 350 nm lamps under aerobic conditions for 16 ksolated by converting
in CDsCN for a few days in the presence of diethylamine in to the corresponding 2,4-dinitrophenylhydrazoh&he yield is calculated
the dark; however, they decompose during concentration in by subtraction of the “blank” yield from the total yiel& Recycling number
vacuo. SatisfactorjH and?3C NMR were obtained fo22 and of 12a,b™-BF4” and16a™BF4".
23; however, HRMS 022 and 23 gave only the (M-NEt)™
peaks instead of the Mpeak. Upon treatment with 42% the presence of2a,b™BF,~ and 16a"-BF,~. The recycling
aqueous HBEFin Ac,O, compounds22 and 23 regenerated  numbers are more than one (Table 2), and thus, autorecycling
12a,b"-BF,4~ in good yields, respectively. oxidation clearly proceeds; however, cyclohexylamine was not
Autorecycling Oxidation of Amines. We have previously  oxidized effectively byl2a™-BF,~ (Table 2, run 4). In the
reported that compoundsa—d*-BF,~ undergo autorecycling  oxidation of 1-phenylethylamine, hexylamine, and cyclohexy-
oxidation toward some alcohols and amines under photoirradia-lamine, the yield of the imine became higher in the order
tion.12-15In this context, we found that compountiga,b™BF4~ 12a"-BF,~ < 12b"-BF,~ < 16aBF,-, and thus, cation
and 16a"-BF,~ have oxidizing ability toward benzylamine, 16at-BF,~ would be more effective for the oxidation of amines.
1-phenylethylamine, hexylamine, and cyclohexylamine to give ~ We propose that the present autorecycling oxidation proceeds
the corresponding imines under aerobic and photoirradiation via electron transfer from an amine to the excited compounds
conditions. Imine RR2C=NH was produced at first; however, 12a,b"-BF,~ and16a-BF,~, as shown in Scheme:28 The
it reacts with another amine to result in the formation §RFC= electron transfer from an amine to the excited state of
N—CHR!R? (Scheme 4). Then, the reaction mixture was diluted 12a,b"-BF,~ and16a"BF,~ would occur to produce radicals
with ether and filtered, and the filtrate was treated with 2,4- 12a,b and16a and a cation radica6*. On the other hand,
dinitrophenylhydrazine in 6% HCI to give 2,4-dinitrophenyl- there is also a possibility that the homolysis of the amine
hydrazone of the corresponding carbonyl compound which is adducts, generated by the reactiod2é,b™BF,~ and16a™BF4~
generated by hydrolysis of imine. The results are summarized with amines, by photoirradiation would afford radicdl®a,ls
in Table 2. Direct irradiation of the amines in the absence of and 16a directly. An electron transfer from radical species
12a,b"-BF,~ and 16a-BF,~ (named “blank”) gives the cor-  12a,lr and16a to molecular oxygen may give the superoxide
responding carbonyl compounds in low to modest yields upon anion radical andl2a,b™ and 16a" because tropyl radical
similar treatments. Thus, the yields are calculated by subtraction
of the blank yield from the yield of the carbonyl compound in (28) Naya, S.; lida, Y.; Nitta, MTetrahedron2004 60, 459.
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derivatives are known to be oxidized readily by molecular
oxygen?® Then, a proton transfer from cation radi@g* to
the superoxide anion radical may occur, followed by formation
of the product28 and HO,. Compoun®8 reacts with excess
amine to give imine29.

Summary

A convenient preparation of novel areno-annulated 1,3-
dimethyl-10-phenylcyclohepta[4,5]pyrrolo[2¢Bpyrimidine-2,4-
(1,3H)-dionylium ions12a,b"-BF,~ and 16a-BF,~ was ac-
complished by three-step reactions starting from béajizopone
7 and naphtho[2,3tropone 13 with 6-anilino-1,3-dimethylu-
racil 8. Structural characteristics df2a,bt and 16a" were
clarified on inspection of the U¥vis and NMR spectral data
as well as by X-ray crystal analyses. The stability of cations
12a,b" and16a’ is expressed by theKg+ values which were
determined spectrophotometrically as the values of ca- 0.5
9.0. In addition, the l§r+ value of naphthdjjtropylium ion 4*
was clarified to be much lower, at0. The electrochemical
reduction ofl2a,b" and16a* as well as that of benzotropylium
ion 3* and catiord* exhibited a reduction potential at0.09
to —0.67 (V vs Ag/AgNQ) upon cyclic voltammetry (CV). The
reactivity of12a,b"™BF 4~ with some nucleophiles, hydride and
diethylamine, was clarified. Although the reactionslat™-BF,~
afforded C11 adductl9 as a single product, the addition
reactions of12b*-BF,~ proceeded at both C9 and C11. The
attempted reduction of methyl benzoylformate usiZigwas
carried out unsuccessfully. The photoinduced oxidation reaction
of 12a,b™BF,~ and 16a"-BF,~ toward some amines under
aerobic conditions was carried out to give the corresponding
imines with the recycling numbers of 3-@1.7.

Experimental Section

Reaction of 3"-ClO4~ with 8. To a stirred solution 08+-CIO4~
(482 mg, 2 mmol) an® (462 mg, 2 mmol) in CHCN (20 mL) at
—40 °C was added NaH (80 mg, 2 mmol), and the mixture was
stirred at—40 °C for 20 h. To the mixture was added saturated
aqueous NacCl, and the mixture was extracted with,@ The
extract was dried over N8O, and concentrated in vacuo to give
a mixture of9a and9b (609 mg, 82%) in a ratio of 1:5.

Synthesis of 11b.A mixture of benzop]tropone7 (46.8 mg,
0.3 mmol) and CeGi7H,0 (145.3 mg, 0.39 mmol) in the presence
of molecular sieves (0.4 nm, 30 mg) in EtOH (14 mL) was stirred
at room temperature for 5 min. To the solution was added NaBH
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under reflux for 16 h. After evaporation of the solvent, the residue
was dissolved in a mixture of A® (25 mL) and 42% aqueous
HBF, (5 mL) at 0°C and the mixture was stirred for 1 h. To the
mixture was added ED (150 mL), and the precipitates were
collected by filtration and washed with £ to give a mixture of
12a"-BF,~ and 12b*-BF,~. The mixture of 12a"-BF,~ and
12b"-BF4~ was recrystallized from C#N/AcOEt to give crystals

of 12b*-BF,~ (59 mg, 8%) and filtrate containintRa™-BF,~. The
filtrate was concentrated in vacuo and recrystallized from@¥
Et;,O to give crystals ofl2a"™BF,~ (220 mg, 30%).

Synthesis of 14.A mixture of naphtho[2,3]tropone 13 (137
mg, 0.67 mmol) and Cegl’H,O (322 mg, 0.86 mmol) in the
presence of molecular sieves (0.4 nm, 60 mg) in EtOH (35 mL)
was stirred at room temperature for 5 min. To the solution was
added NaBH (55.3 mg, 1.46 mmol), and the mixture was heated
under reflux for 5 h. To the resulted mixture was added saturated
aqueous NacCl, and the mixture was extracted with PhH. The extract
was dried over Ng&5O, and concentrated in vacuo to gitd (149
mg, 95%).

Synthesis of 4-ClO4~. A mixture of Ac,0O (1 mL) and 60%
aqueous HCIQ(180 mg) was cooled to BC. To the solution was
added slowly a solution of4 (39.8 mg, 0.167 mmol) in EO (3
mL), and the mixture was stirred for 20 min. The generated
precipitates were collected by filtration under apdtimosphere to
give 4*-ClO4~ (31.1 mg, 64%).

Reaction of 8 with 14.To a mixture of8 (23.1 mg, 0.1 mmol)
and 14 (23.6 mg, 0.1 mmol) in the presence of molecular sieves
(0.4 nm, 10 mg) in CECN (5 mL) was addeg@-TsOH2H,0 (1.9
mg, 0.01 mmol), and the mixture was stirred at room temperature
for 3 h. To the mixture was added saturated aqueous NacCl, and
the mixture was extracted with GBI,. The extract was dried over
Na&SQO, and concentrated in vacuo to give a mixturelsa and
15b (48.5 mg, 99%15a15b = 1:7).

Synthesis of 16a-BF,~. To a stirred solution of a mixture of
15a and 15b (48.5 mg, 0.1 mmol) in CHGI(4 mL) was added
DDQ (45.4 mg, 0.2 mmol), and the mixture was heated under reflux
for 16 h. After evaporation of the solvent, the residue was dissolved
in a mixture of AgO (25 mL) and 42% aqueous HBF5 mL) at
0 °C and the mixture was stirred for 1 h. To the mixture was added
Et,O (150 mL), and the precipitates were collected by filtration
and washed with O to give 16a™-BF;~ (9.8 mg, 19%).

IH NMR Monitoring of the Thermal Rearrangement of 15b.

A solution of compound5b (4.2 mg, 0.01 mmol) in acid-free Gb
CN (0.5 mL) in the absence and presence of GHCIO5 mL) was
heated at 60C in an NMR tube. After 6 h, the NMR measurement
was carried out to exhibit the formation 8f 153 and15b in a
ratio of 0.03:1.40:1.00.

Modified Procedure for Synthesis of 16a-BF,~. A solution
of a mixture ofl5aand15b (100 mg, 0.238 mmol) in CHGI(10

(24.9 mg, 0.66 mmol), and the mixture was heated under reflux mL) containing HCI, which is generated by decomposition of
for 4 h. To the resulting mixture was added saturated aqueous NaCl,CHCl;, was heated under reflux for 6 h. To the resulted solution
and the mixture was extracted with PhH. The extract was dried was added DDQ (108 mg, 0.476 mmol), and the mixture was heated
over NaSQ, and concentrated in vacuo to git&b (52.6 mg, 94%). under reflux for 16 h. After evaporation of the solvent, the residue
Reaction of 8 with 11b.To a mixture of8 (62.2 mg, 0.27 mmol) ~ was dissolved in a mixture of A® (25 mL) and 42% aqueous
and11b (52.6 mg, 0.28 mmol) in the presence of molecular sieves HBF4 (5 mL) at 0°C and the mixture was stirred for 1 h. To the
(0.4 nm, 30 mg) in CKCN (9 mL) was addeg@-TsOH2H,O (5.4 mixture was added ED (150 mL), and the precipitates were
mg, 0.028 mmol), and the mixture was stirred at room temperature collected by filtration and washed with f& to give 16a™BF,~
for 6 h. To the mixture was added saturated aqueous NaCl, and(30.4 mg, 25%).
the mixture was extracted with GBI,. The extract was dried over Determination of pKg+ Values of 12a,l5, 16a’, and 4*. Buffer
NaSQO, and concentrated in vacuo to give a mixturedafand9b solutions of slightly different acidities were prepared by mixing
(98.6 mg, 99%94a/ 9b = 1:5). aqueous solutions of potassium hydrogen phthalate (0.1 M) and
Synthesis of 124-BF,~ and 12b™BF,~. To a stirred solution ~ HCI (0.1 M) (for pH 0.0-4.0), potassium hydrogen phthalate (0.1
of a mixture of9aand9b (600 mg, 1.62 mmol) in CHGI(40 mL) M) and NaOH (0.1 M) (for pH 4.15.9), KH,PO, (0.1 M) and

was added DDQ (735 mg, 3.24 mmol), and the mixture was heated NaOH (0.1 M) (for pH 6.6-8.0), NaB4O; (0.025 M) and HCI (0.1
M) (for pH 8.2—9.0), and NaB,O7 (0.025 M) and NaOH (0.1 M)

(for pH 9.2-10.8) in various portions. For the preparation of sample

(29) (a) Jacobi, D.; Abraham, W.; Pischel, U.; Grubert, L.; Schnabel,
W. J. Chem. Soc., Perkin Trans.1®99 1241. (b) Jacobi, D.; Abraham,
W.; Pischel, U.; Grubert, L.; Sgser, R.; Schnabel, W. Chem. Soc., Perkin
Trans. 21999 1695.

solutions, 1 mL portions of the stock solution, prepared by
dissolving 6 mg of compound42a,b™BF,~, 16a"-BF,~, and
4+-ClO4 in CH3CN (20 mL), were diluted to 10 mL with the buffer
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solution (8 mL) and CKCN (1 mL). The UV-vis spectrum was
recorded for each catiot2a,b™-BF,~, 16a"-BF,~, and4*-ClO,4,
in 20 different buffer solutions. Immediately after recording the

Naya et al.

0.1 mmol) in CHC} (10 mL) and CHCN (5 mL) was adde@4
(17.8 mg, 0.1 mmol), and the mixture was heated at®Gor 4
days. The resulting mixture was extracted with CH, and the

spectrum, the pH of each solution was determined on a pH meterextract was dried over N8O, and concentrated in vacuo to give
calibrated with standard buffers. The observed absorbance at thethe starting material$9 (36.9 mg, 100%) an@d4 (17.8 mg, 100%).

specific absorption wavelength (457 nm fo2a™-BF,~; 491 nm
for 12b™BF,—; 467 nm forl6aBF,~; and 599 nm fod+-ClO4")
of each cation,12a,b"-BF,~, 16a"BF,~, and 4*-ClO4~, was

Reaction of 12a,b-BF,~ with Diethylamine in CD;CN. To
each solution ofl2a,b™BF;~ (0.01 mmol) in CRCN (0.5 mL) in
NMR tubes was added diethylamine (7.3 mg, 0.1 mmol). The NMR

plotted against pH to give a classical titration curve, whose midpoint measurements were carried out immediately (after ca. 30 s).

was taken as thelg. value.
Cyclic Voltammetry of Cations 3*, 4t, 12a,b", and 16a". A

Reaction of 22 and 23 with HBFR. To each solution 022 and
23, prepared by the reaction d2a,b"-BF,~ (22.75 mg, 0.05 mmol)

three-electrode cell was used, consisting of Pt working and counterwith diethylamine (7.3 mg, 0.1 mmol) in GEN (20 mL), was

electrodes and a reference Ag/Aghl@lectrode. Nitrogen was
bubbled through a CH#CN solution (4 mL) of each cation,
3*-ClOo4, 4%-ClO,4~, 12a,bt-BF,~, and 16a-BF,~ (0.5 mmol
dm=3), and BuUNCIO; (0.1 mmol dm?3) to deaerate it. The
measurements were made at a scan rate of 0.1:Mramediately
after the measurements, ferrocene (0.1 mnij) & +0.083) was

added a mixture of acetic anhydride (5 mL) and 42% aqueous;HBF
(1 mL) at 0°C, and the mixture was stirred for 1 h. To the mixture
was added EO (50 mL), and the precipitate was collected by
filtration to give12a,b™-BF,~ (12a"-BF,~ 16.3 mg, 72%12b"-BF,~
15.9 mg, 70%).

General Procedure for Autorecycling Oxidation of Amines

added as the internal standard, and the observed peak potential wais the Presence of 12a,b-BF,~ and 16a™BF,~. A CH3;CN (16

corrected with reference to this standard. The cat®n€lO,,
4+-ClO,4, 16a,b™BF,~, and20a"-BF,~ exhibited reduction waves,
and they are summarized in Table 1.

Reaction of 12a+BF,~ with NaBH 4. A solution of12a-BF,~
(220 mg, 0.48 mmol) and NaBH54.4 mg, 1.44 mmol) in CH
CN (20 mL) was stirred at room temperature for 2 h. To the mixture
was added saturated aqueous SHsolution, and the mixture was
extracted with CHCl,. The extract was dried over B0, and
concentrated in vacuo to givi9 (114 mg, 64%).

Oxidation of 19. To a stirred solution 019 (36.9 mg, 0.1 mmol)
in CH.CI, (2 mL) was added DDQ (34.1 mg, 0.15 mmol), and the
mixture was stirred at room temperature for 2 h. After evaporation
of CH,Cl,, the residue was dissolved in a mixture of8c(5 mL)
and 42% aqueous HBF1 mL) at 0°C, and the mixture was stirred
for another 1 h. To the mixture was added@{30 mL), and the
precipitate was collected by filtration to giv®a"™BF,~ (40.4 mg,
89%).

Reduction of 12b"-BF,~ with NaBH, in CD3CN. A solution
of 12b™BF4~ (4.55 mg, 0.01 mmol) and NaBH1.13 mg, 0.03
mmol) in CD;OD (0.5 mL) in an NMR tube was shaken at room
temperature for 2 h, and tHel NMR spectrum of the solution of
a mixture of20and21 (20/21 = 2:3) was recorded using M®i as
the internal standard.

Attempted Reduction of Ethyl Benzoylformate 24 Using 19.
To a solution 0f19 (36.9 mg, 0.1 mmol) and Mg(CIg» (22 mg,
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mL) solution of compoundl2a,b™-BF,~ (2.28 mg, 5umol) or
16ar-BF,~ (2.53 mg, 5umol) and amines (2.5 mmol, 500 equiv)

in a Pyrex tube was irradiated by RPR-100 350 nm lamps under
aerobic conditions for 16 h. The reaction mixture was concentrated
in vacuo, diluted with BO, and filtered. ThéH NMR spectra of

the filtrates revealed the formation of the corresponding imines.
The filtrate was treated with a saturated solution of 2,4-dinitro-
phenylhydrazine in 6% HCI to give 2,4-dinitrophenylhydrazone of
the corresponding carbonyl compounds. The results are summarized
in Table 2.
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