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Abstract — Bis(2-chloroethyl) 2-nitro- and 2-bromo-2-nitroethenylphosphonates react with anthracene along

two competing pathways: [4+2] cycloaddition and electrophilic substitution; in the case of the bromo deriva-

tive, the resulting products undergo dehydrobromination under the reaction conditions to form anthracene-
and dihydroanthracene-containing nitroethenylphosphonates.

Phosphorylated nitro- angienthalonitroethenes are nated analodl with anthracene in benzene for 17 h.
highly reactive. These compounds were used to pre&Second, the reaction mixtures contained, along with
pare phosphorus-containing arylamino- and aminoHl andlV, also product¥/ andVI, apparently formed
arylnitroethanes; nitro enamines and aminonitrostyby electrophilic substitution involving an attack of
renes; and indolylnitroethanes and nitrovinylindoleslectron-deficient nitroethenylphosphonate molecules
[1-9]. Previously we studied the reactions of nitro-at the electron-excessiveeseposition of anthracene
and gembromonitroethenylphosphonates with 1,3-di-[19].
enes (2,3-dimethyl-1,3-butadiene, cyclopentadiene

furan, 1,3-cyclohexadiene) [£02]. ' Under more severe conditions (refluxing in toluene

for 21 h), the yield oflV in the reaction ofll with

In this study we examined the behavior of nitro-anthracene increased to 42%. However, in so doing,
and gembromonitroethenylphosphonatésand Il in  the reaction was complicated by intramolecular dehy-
the Diels-Alder reaction with anthracene as dienedrohalogenation ofV to bis(2-chloroethyl) 9,10-dihy-
component. dro-9,10-(11-nitroetheno)-antracen-12-ylphosphonate
: . . VIl and ofVI to bis(2-chloroethyl) 1-(anthracen-9-yl)-
It is known that anthracene reacts with nitroethyl- -nitroethenylphosphonatélll . Compounds/Il and

ene and its alkyl and aryl derivatives under sever .
. . Il were isolated pure by column chromatography
conditions (in an ampule at 12050°C) to form the in 7 and 6% yields, respectively. Compoustl was

corresponding nitroethanoanthracenes-i86Rs yields also prepared directly by dehydrohalogenation of

[13-16]. The low yield of the substituted ethanoanth-g =~ % i 11 AT .
racenes is accounted for in these papers by the arom 10-dihydro-9,10-(11-bromo-11-nitroethanojanthra

ticity of anthracene, distinguishing it from other di- enelV in the presence of pyridine in 25% .yleld.
enes [16], and by the possible retro-diene process The structures of phosphorylated 9,10-dihydro-
largely characteristic of anthracene derivatives. At th8,10-(11-nitroethano)anthracenis and IV were de-
same  time, p-phenylsulfonylnitroethene containing termined by comparing thefiH NMR and IR spectra
one more electron-withdrawing substituent (8@) in ~ With those of the structurally related compounds de-
the vicinal position relative to the nitro group reactsscribed in the literature, e.g., 9,10-dihydro-9,10-(12-
with anthracene under relatively mild conditions (re-Phenylsulfonyl-11-nitroethano)anthracene [18].
fluxing in toluene for 3 h), with 90% vyield of the  The 'H NMR spectra oflll and IV contain well
adduct [17, 18]. separated signals from aromatic ring%l{H-II“, Ho-H?®),

We found that, in contrast to the above exampledXridgehead ( H'), and bridge (H', H'?) protons
bis(2-chloroethyl) 2-nitroethenylphosphonate and  (Fig. 1, Table 1). The protons of two aromatic rings
2-bromo-2-nitroethenylphosphonatél react with give multiplets at 7.267.43 ppm; the bridgehead
anthracene peculiarly. First, the reactions occur undeprotons H° and H in the spectrum ofV give two
more severe conditions compared to the reaction witeeparate signals (a singlet and a doublet of doublets,
the sulfonyl-containing nitroalkene: The Diefsider  respectively). The signals from the bridge protorid H
adductslll and IV are formed in low yields (20 and and H“ lie in the range 4.415.13 ppm, anceach of
18%, respectively) upon refluxing df or its bromi- these protons gives a separate signal split owing to
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coupling with the adjacent proton. The phosphorusromatic rings inlll and1V make the protons of the
signal is a singlet at 25.5 ppm. No doubling of thechloroethoxy groups nonequivalent, probably because
signals of ring protons and phosphorus nuclei is obef their different steric orientation relative to the ben-

served in the'H and3'P NMR spectra ofll andlv, Zzene rings [20].

which suggests that these compounds are stereochemi-
cally uniform. However, the magnetically anisotropic The geometric structure dfi andlV, as in the case

(a) 2CHs (b)
CHyCI
|
HlO
H12
H9 OCH;
25.5 6.5 7.0 6.5 6.0 55 50 45 40 35
dp, ppm

dp, ppm

Fig. 1. (a) 31P—{ 1H} and (b) IH NMR spectra of bis(2-chloroethyl) 9,10-dihydro-9,10-(11-bromo-11-nitroethano)anthracen-12-
ylphosphonatelV in CDCls.
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Table 1. H and3!P NMR spectra of phosphorylated 9,10-dihydro-9,10-(11-nitroethano)anthratiersesi IV in CDCly

1
Comp H NMR spectrum,3, ppm (, Hz) 315 NMR
: trum
no. HO H10 H11 H12 ole CH,CI Ar spectrum,
kK 2 Sp, PpM
I 4.81 540 |5.13 (01140441 (g1, 15| 402 m, | 350 m,| 7.23 m,| 255
Gup 45, |(310114.0)| 111225, | Ji11225 | 419 m | 365 m| 7.43 m
Jg 12 1.5) Jytp 4.0) Jyzp 10.2)
\) 5.08 515 s - 4.88 400 m, | 3.50 m, | 7.20 m, 255
(Guep 17.0, (G2 3.0, | 420 m | 367 m| 7.42 m
J9,12 3-2) Jo.12 3.2)

Table 2. H and 3P NMR spectra of nitro phosphoryl anthracene derivati¥sVI, and VIIl in CDCly

IH NMR spectrum,3, ppm (, Hz)

Com 3lp NMR
no > HL H2 oc CH.CI Ar spectrum,
' kK 2 8p, PpPM

V.  |4.82 04y 5.0, 20p 3.8) [5.20 @142 5.0, J42p 7.6) | 4.00 m | 356 m |7.20m, 7.40m| 175
VI |5.00 €34y 2.9, 2p 0) [6.37 €3y 2.9, J2p 3.0)| 420 m | 3.70 m [7.20m, 7.42m|  17.0
Vil - 7.2 (An) 420 m | 3.70 m |7.0-7.2 m, 8.4
7.375 m

of the model compound, stereochemically uniformwere determined from théH and 3P NMR spectra.
trans-disubstituted 9,10-tiydro-9,10-(12-phenylsul- The molecules of these compounds contain cyclic and
fonyl-11-nitroethano)anthracene [18], corresponds tacyclic protons whose signals are well separated
the trans arrangement of the phosphoryl and nitro(Table 2); the protons of the aromatic rings of anthra-
groups. Specifically this orientation is characteristic ofcenes are manifested in the range-7.6b ppm as two
these substituents in the starting nitro- and halonitrOComp|eX multiplets. The signals of the éﬂ protons
ethenylphosphonates, and it is known that the Bielsjn v and VI are observed at 4.82 and 5.00 ppm, and
Alder reaction is characterized by preservation of thene signals of methylene (GNO,) and methine
configuration of the dienophile [21, 22]. In the case(CHBrNO,) protons, at 5.20 and 6.37 ppm. In the
of Il , such a geometry is confirmed by the couplingspectrum ofvIil , the signal of the nitroolefin proton
constant*Jyup 4 Hz, corresponding to the dihedral (CH?NO,), as expected, is observed in a still lower
angle HGC?P within 0°-90° [23]. field at 7.2 ppm among the multiplets of the aromatic

. : [ Table 2).
The suggested structure ¥l is supported by its fing protons (Table 2) _
31p NMR spectrum containing a signal at 8.5 ppm, The IR spectra ofil , IV, VIl , andVIIl contain the
which corresponds to the phosphorus atom asﬁ}r)a characteristic bands of all the functional groups. The

. Ikoxyphosphoryl group gives three strong bands at
hybridized carbon atom, antH NMR spectrum §, 2 3 )
ppm): 53 s (ﬁ), 6.5 s (I—io), 7073 m. 7.27.9 m 1025-1035, 1080, and 126@265 cm~. The non

(2C;H,), 430 (OCH), 3.63 (CHCI). It should be SoUIREG FEIC JIOUP 1& e Ilf\?Stz(rjlda:hégfosrTjS-
noted that, according to [18], 9,10-dihydro-9,10-(eth- 0.4 itvo group invIl and VIl , at 15351550 and
eno)anthracene is formed by reductive elimination of 9 _1p !

the nitro and phenylsulfonyl groups from 9,10-dihy-1350-1360 cm™.
dro-9,10-(12-phenylsulfonyl-11-nitroethano)anthra- Thus, 2-nitro- and 2-bromo-2-nitroethenylphospho-
cene. The products of electrophilic substitution innates react with anthracene along two pathways:
anthracene, bis(2-chloroethyl) 1-(anthracen-9-yl)-2j4+2] cycloaddition and electrophilic substitution in
nitroethylphosphonateg¢ and VI, were obtained only the mesepositions of anthracene. In the case of the
in mixtures with other substances. Their structurebromo derivative, the adducts under the reaction con-
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ditions undergo dehydrobromination to form the cor+otary evaporator. The oily residue was chromato-
responding nitroethenylphosphonates with antracergraphed on silica gel. From the fraction eluted with

and dihydroanthracene substituents. CCl,, we isolated 0.32 g (18%) dV as a green oil,
R 0.51. IR spectrum (CHG), v, cmt: 1370, 1565
EXPERIMENTAL (NO,), 1262 (P=0), 1025, 1080 (POC). Found, %: C

44.81, 44.82; H 3.19, 3.21; N 2.93, 2.94; P 5.73, 5.88.
The IR spectra were taken on an Infralyum FT-02c, H, BrCI,NOP. Calculated, %: C 44.85; H 3.55;

spectrometer (020.001 M solutions in CHG). The N 2.62; P 5.79. From the fraction eluted with ether,
H and *"P NMR spectra were recorded on a Brukerye jsolated 0.28 g of a 5 : 2 mixture 8f andV!.

AC-200 spectrometer (200 MHz, CD{Jl The chem-

ical shifts 5 were determined relative to external b |n toluene.Anthracene (1.20 g) was added to
HMDS (*H) with an accuracy oft0.5 Hz; for *'P, 4 solution of 1.20 g of bis(2-chloroethyl) 2-bromo-
the external reference was 85%;R0,. 2-nitroethenylphosphonaté in 10 ml of toluene. The

The purity of the compounds and the reaction prog[nixture was refluxed f_or 21 h. After cooling, the mix-
ress were monitored by TLC on Silufol UV-254 platesture was extracted with ether (520 ml). The ether
with hexaneacetone (3 : 2) as eluent and iodine vapofXtracts were evaporated, and the oily residue was
as developer. The pure compounds were isolated tgromatographed on silica gel. From the fraction

column chromatography on Chemapol 100/200 silick!utéd with CCJ, we isolated 1.00 g of a 6 : 1 mixture

_ _ _ CHCl;, 0.36 g of a 1:2:2 mixture oVI-VIII . By
The starting nitro- andgembromonitroethenyl- repeated chromatography of the latter mixture, we
phosphonated and Il were prepared according to jsolated the following compounds. From the fraction
[1, 25]. eluted with chloroform, we obtained 0.11 g (7%)

Bis(2-chloroethyl) 9,10-dihydro-9,10-(11-nitro- of VIl as a light yellow oil, R 0.65. IR spectrum
ethano)anthracen-12-ylphosphonate Il and bis(2- (CHCly), v, cml: 1360, 1550 (NQ), 1285 (P=0),
chloroethyl) 1-(anthracen-9-yl)-2-nitroethylphos- 1022, 1084 (POC). Found, %: C 52.81, 52.82; H 3.79,
phonate V. Anthracene (0.32 g) was added to a solu3.81; N 3.03, 3.04; P 6.73, 6.75.,8,sCI,NOP.
tion of 0.50 g of bis(2-chloroethyl) 2-nitroethenylphos-Calculated, %: C 52.86; H 3.96; N 3.08; P 6.83. From
phonatel in 10 ml of absolute benzene. The mixturethe fraction eluted with ether, we obtained 0.10 g
was refluxed for 17 h. After cooling, 20 ml of hot (6%) of VIII as a yellow oil,R; 0.85. IR spectrum
benzene was added; excess anthracene was filter@HCI,), v, cnm™: 1350, 1595 (NQ), 1270 (P=0),
off. The filtrate was evaporated on a rotary evaporator1025, 1080 (POC). Found, %: C 52.43, 52.46; H 3.90,
and the oily residue was chromatographed on silic.94; N 3.01, 3.04; P 6.73, 6.78.,41;sCIl,NOP.
gel. From the fraction eluted with chloroform, 0.20 gCalculated, %: C 52.86; H 3.96; N 3.08: P 6.83.
of a 1:5 mixture oflll andV was isolated. From the
fraction eluted with a 1:1 chloroforndiethyl ether Bis(2-chloroethyl) 9,10-dihydro-9,10-(11-nitro-
mixture, 0.16 g (20%) ofll was isolated as an oil, etheno)anthracen-12-ylphosphonate VII. Pyridine
R 0.68. IR spectrum (CHG), v, cnr™: 1370, 1560 (0.45 g) was added to a solution of 0.60 g of 9,10-
(NO,), 1265 (P=0), 1035, 1080 (POC). Found, %: Cdihydro-9,10-(11-bromo-11-nitroethano)arabene
52.53, 52.56: H 4.91, 4.96: N 3.01, 3.04; P 6.73, 6.88V in 10 ml of absolute benzene. The mixture was re-
C,oH,oCILNOGP. Calculated, %: C 52.63; H 4.38; fluxed for 90 h. The precipitate of pyridine hydrobro-
N 3.07; P 6.80. mide was filtered off, the filtrate was evaporated, and

Bis(2-chloroethyl) 9,10-dihydro-9,10-(11-bro- the oily reS|dL_Je was chrqmatographed on _alumma.
mo-11-nitroethano)anthracen-12-ylphosphonate From the fgactlon eluted W|th_ chloroform, we isolated
IV, bis(2-chloroethyl) 1-(anthracen-9-yl)-2-bro- 0-13 9 (25%) ofVil ‘as an oil, 0.65. The product
mo-2-nitroethylphosphonate VI, bis(2-chloroethyl) ~Wwas identical inR; and spectral characteristics to the
9,10-dihydro-9,10-(11-nitroetheno)anthracen-12- sample isolated from a mixture of products of the
ylphosphonate VII, and bis(2-chloroethyl) 1-(an- Diels-Alder reaction ofll with anthracene.
thracen-9-yl)-2-nitroethenylphosphonate VIIl. a. In
benzeneAnthracene (1.20 g) was added to a solution ACKNOWLEDGMENTS
of 1.20 g of bis(2-chloroethyl) 2-bromo-2-nitroethenyl-
phosphonatdél in 20 ml of benzene. The mixture was The study was financially supported by the Minis-
refluxed for 17 h. After cooling, excess anthracendry of Education of the Russian Federation (project
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