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1. Introduction system is usually required to separate substasttages in order

. . . . , _ . to perturb the receptot.
Organict — conjugated materials are increasingly gaining

attention in many areas of chemistry and functiomaiterials In this study, we designed and synthesized some tewl s
research’” The organic materials featuring donort — bridge — substituted benzo[a]phenazine derivatives witffiedent electron
acceptor architecture have continued to attract véttention — donating abilities except nitro derivativBcheme 1, chart 1

owing to their potential applications in organicattenics such  The substituent féects on their absorption spectra in solution

as red emitting charge transporters in Organic Lightitting ~ were studied. However, to the best of our knowledge, th

Diodes (OLEDs}, Organic Field Effect Transistors (OFETs), dihydrobenzo[a]phenazine derivatives containing
sensitizers in excitonic solar cells (DSS&s)Organic  naphthoquinone functionality have not been studiedetail for
Photovoltaics (OPVs): *and as highly sensitive chromophores their optical sensor applications. In order to expl the
in the area of molecular sensiﬁ'g, feasibility, we have also investigated the sensitivif these
) ~_ molecules toward acids and bases which could be denesl as
Benzophenazine compounds have electron —deficientoge| studies. Both, acidic and basic environmeodutate the
characteristics. Hence, they are used in the desfign — type  jnyramolecular charge transfer depending on theodaand
organic semiconductors; examples are pyrazinoqaiffeX  acceptor capabilities, resulting in significant ches of the
derivatives, hexaazatriphenylenes, diquinoxalifrazine, and  gjectronic spectra. These external stimuli can tseduto
quinoxalino phenanthro phenazitfe.” Prachi Singhet al.  characterize local environments in artificial andoldgical
synthesized some acidochromic ~derivative especialy  materials, making compounds of this type intergsfor sensing

substituted ~ amino  benzo[a]phenazines form 1, 2 4, h5ses. Chromophores changing color on interagiith acids
naphthoquinone and studied their solvatochromismd anis-2i;.4 paces have been studied in detail in recers pedng to
acidochromic properti€§. Halochromism is one of the key their importance in the sensor industry.

parameters that can be used to describe any pesxcessl it
provides valuable information about the progress soich
processes. Indeed the phenazine core, which is yhight-
deficient aromatic heterocycle, can be used as trefec
withdrawing part in push — pull structures for int@ecular
charge transfer (ICT). ICT is a key parameter totaiob
luminescent and non — linear optical (NLO) propsttilso, ICT
is useful for the design principle and a push <4 put electron
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3d, =2, 4-(0OMe), 5d, =2, 4-(OMe),
Chart 1. Structures of the Naphthoquinone

Dihydrobenzo[a]phenazine Styryl dyes.
2. Results and discussions

2.1. Synthesis and Characterization

synthetic scheme employed for the

profiles observed for the dyeSk(and5d) is suggestive of the
involvement of conjugative delocalization. The exted
conjugation present in the above derivatives mag l® a red-
shifted absorption. On the contrary, the blue —tstifprofile
observed for the dyess4 and 5¢) may be attributed to the
retardation of electronic delocalization caused dgctron-
withdrawing group. In view of these observations, @ynbe
argued that the prominent absorption in the nagptimone
derived styryl dyes is mainly originating from the — n*
transition.
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Figure 1. Absorption spectra of the dy€sa-d)recorded in THF.

fused Table 1.Optical data of the dyesa-din THF

Dye  Aabs(nm) loge Jem(NM) Arcm™?) Gem b
5a 429 5.92 575 5919 0.11
5b 446 5.84 667 7429 0.14
5¢ 436 5.88 487 2402 0.03
5d 450 5.94 577 4891 0.12

Synthesis of the dyes were accomplished by a two-stefall spectra were recorded at room temperature atl® X 10° M; Aspdnm)

process as outlined ischeme 1, chart 11In the first step, 2-
hydroxy, 1, 4-naphthoquinone (Lawsong) Was treated with the
corresponding aldehyde2d-d) in the presence of a catalytic
amount of piperidine and ethanol at reflux tempegto yield 3-
substituted 1, 2, 4-triketo naphthoquinone stymslivhtives 8a-
d). To the best of our knowledge, the reactions cof—
phenylenediamine (OPDA) with 1, 2 — naphthoquinone rias
been explored. The— phenylenediaminé was found to react in
a facile manner with 1, 2 — naphthoquinonga-¢). The
substituted naphthoquinones were conveniently coedeto
dihydrobenzo[a]phenazines 5¢-d) by refluxing with o—
phenylenediamine in ACOH/EtOH at 8T and subsequently
reduced by Zn. The dyes were characterizedHbyand **C —
NMR, and mass spectral analysis. The dyes are y@ltdwvown
in the solid state and freely soluble in commoraaig solvents.

2.2. Optical Properties

The UV-vis spectroscopic data of the dy@&sa-d) measured in
THF solutions are displayed ifrigure 1 and the relevant
parameters are compiled iffable 1 All the compounds
exhibited a broad and moderately intense absortérd >400
nm attributable to the electronic transition origing from ther-

molecular orbitals. The peak position of this bassumes a

trend ba< 5c< 5b< 59l reflecting the impact of the substituent

on aldehyde segment on the electronic propertiasy o not
show solvatochromism and solvatofluorism signifitarnim the
solvent environment used for measurement. The Syend5d
showed red shifted absorption profiles when compaoethe

= Maximum absorption wavelength in nis(nm) = Maximum emission
wavelength in nmaAL (nm) = Stokes shift in nniThe fluorescence quantum
yield, measured at room temperature using fluoresece0.1 M NaOH ¢ =
0.79) as a standard.

All the dyes displayed moderately intense emissionTHF
solutions Figure 2, Table ) when excited at their absorption
maximum. The most blue-shifted emission profile waseoved
for the nitro derivative 5¢) while the N, N — dimethylamino
substituted derivative 5p) displayed a longer wavelength
emission in THF solution. The dye€sa and5d exhibited almost
the same maximum wavelength of absorption in THFe Th
guantum yields were measured using fluorescein &Eserece
standard” *The emission quantum yields of the dy&s, 5b
andbd were 0.11, 0.14, 0.12 respectively, which were 4 gime
larger than that of dy®&c. The relative fluorescence quantum
yields are summarized for dyBa-din Table 1

dyes 5a and 5c. These observations cannot be explained by

assuming charge transfer nature for the transdiwhthe trend is
not matching with the donor strength of the substituon
aldehyde segmentsFigure 1). The red-shifted absorption
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Figure 2. Normalized emission spectra of the dyém-¢)

recorded in THF.

We demonstrated the ability of the dyBa-d to function as
colorimetric and pH sensors due to basic charadtevitmgen
atoms of the phenazine ring and acidic charactethefenolic
proton. For this reason, we decided to study thecefiof
protonation and/or deprotonation on the opticapprties of the
synthesised dyes. The absorption spectra of
bathochromically shifted on addition of trifluorotce acid
(TFA) and triethylamine (TEA). The changes in the U¥-v
spectra of5a upon addition of trifluoroacetic acid (TFA) and
triethylamine (TEA) are illustrated in Figure 3. Tegectra show
the progressive attenuation of the charge traradfsorption band
for the neutral compound on increasing the conaéotr of acid,
whereas a new red-shifted band corresponding to riiterated
species appeared. This bathochromic shift is exgthiby an
enhancement of the intramolecular charge tran$@F)(within
the molecule due to the increase in the electroaeting
character of the phenazine ring by protonation. Same trend
observed, addition of TEA led to a new red-shiftechcba

3

A representative illustration of changes féa-d in the
absorption profile on incremental addition of TFA ahdA is
shown inTable 2 The halochromic properties of the dyss 5c
and 5d having similar trend to the dyBa (Figure S1-S3).As
expected, the dyBbexhibitsa red shift of their absorption bands
upon protonation due to an increased charge trafisfn the
donors to the phenazinium moiety. This color chamgéully
reversible by neutralisation with a base triethylaen(TEA).

The red-shifted absorption peak realized for thesdyn the
presence of TFA is attributed to the protonated isgedt is
possible that the protonation of phenazine segmeaurs in the
presence of TFA and generates a strongly electrdmiveitving
phenazinium segment. Formation of phenazinium idhtigger

a facile intramolecular charge transfer betweer\thg-dimethyl
amino donor group and the phenazinium acceptor segm
(Scheme 2 Addition of an excess TFA (1000 equiv) causes
diprotonation leading to the formation of dictatiéB”. The
formation of dictation D” should completely remove the donor-
acceptor interactions in the molecule and the etitin of charge
transfer transition. Second protonation leadinth®speciesC”

or “D” for the dyeg(5a-d) is unlikely as the remaining nitrogen’s

thes dyé/vill become less basic after the monoprotonation tuehe

severe push-pull interactionS¢heme 2. The red-shifted
absorption peak realized for the dyes in the presef TEA is
attributed to the negatively charged species. poissible that the
deprotonation of phenolic hydrogen occurs in thespnce of
TEA and generates a strongly electron-accepting qutiea core.
Formation of phenazine anion will trigger a facitéramolecular
charge transfer between the phenolic donor group thed
phenazine acceptor segmeficfieme 3 The deprotonation of
enolic hydrogen leading to the speci€s’ for the dyesba-d is
the remaining nitrogen atoms will become more bdsie to the
severe push-pull interactioB¢heme 3.

This color change is fully reversible by neutraiisa with acetic

appearedFigure 3). The bathochromic shift is possible that the a¢id. On the basis of the above observations, lieleved that

deprotonation of phenolic hydrogen occurs in thespnce of
TEA and generates a strongly electron-acceptinggatiee core.

1 - e 1000eq TFA
THF + TEA —— 750 eq TFA

500 eq TFA

— 250 eq TFA

— 100 eq TFA
10eq TFA

w1000 eq TEA
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—750 eq TEA

500 eq TEA
— 250 eq TEA
— 100 eq TEA

550

500

450 600 650

e 10eq TEA

Wavelength, nm —THF

Figure 3. Absorption spectra of the da measured for THF
solutions with different amounts of TFA and TEA.

Table 2.Halochromic effect of the dyésa-d.

haps(NM) AR A [Aad€
Dye ~ Neutral Acid Base (hm)  (nm) (calc.)
(THF)  (THF+TFA) (THF+TEA) (nm)
5a 429 455 488 +26  +59 538
5b 446 472 523 +26  +77 571
5c 436 437 487 +01  +51 558
5d 450 473 529 +23  +79 552

AN = Aaps (THF+TFA) - Aaps (THF); AX® = Aaps (THF+TEA) - Aaps (THF); [Aabd®=
LUMO+1 to HOMO

the dyes exhibit acid-base equilibria as illustlaie scheme 2
andscheme 3The protonation was completed on the addition of
10 equivalent of TFA Kigure 3). The original color was
regained by the addition of triethylamine which malizes the
effect arising due to the addition of TFA. The obseorabf one
or two isosbestic points suggests the presence watrateand
protonated forms in equilibrium and the latter lgegredominant
at higher concentrations of TFA. On the basis of &éheve
observations, it is believed that the dyes exhiuid-base
equilibria as illustrated irSscheme 2 Addition of an excess of
TFA (1000 equiv) led to the bleaching of the cdtmr5a (Figure

3). The absorption pattern 6tin the presence of excess TFA is
significantly dfferent from that observed f&c in the absence of
TFA. The appearance of weaker charge transfer transit the
very high wavelength.
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2.3. Theoretical Calculation

To unravel the structure-electronic property relaship in
these molecules, we have performed DFT calculatiass
implemented in Gaussian 09 program package. We @gtihthe
molecular structure of the dyes in the gas phasesiisas in THF
using B3LYP functional and 6-31G (d) basis set withany
symmetry constraints. The optimized geometry wasl digethe
electronic simulations where at least 10 electracitations
were computed for each compound. According to DFT
calculation, the dy®&b was found to exist a€” isomer figure
4). The lowest energy transitions derived from theotletical
analysis along with their vertical excitations frafOMO to
LUMO+1 are listed inTable 2. According to TD — DFT
calculation, as the protonation on phenazine rimgggred shifted
absorption due to the electronic transition from HOMO®
LUMO+1(Table 2, Figure §. The electronic distributions in the
HOMO and LUMO+1 for the dy&b and their protonated and/or
deprotonated formsA( B, C, D, E) are shown in thé&igure 5.
The HOMO of this compound is delocalized over teN —
dimethylamine moiety, with maximum components agsirom
the nitrogen lone pair and/or from thdramework of the phenyl
groups and is extended along the bridge to theralergigion of
the molecule. In the LUMO orbital, which also has character,
there is no significant contribution from the amsegment and
the electron density has shifted toward the
dihydrobenzo[a]phenazine moiety. In order to idigniiie efect
of protonation on the optical properties, we havénoiged the
geometry of the protonated forms of the dyealso. Except for
slight structural variations no significant altefoas in the
geometry were observed due to protonation. The HOM@ef
dye 5b protonated form# and B on protonation has shown a
change in the electron distribution away from the
dihydrobenzo[a]phenazine segment, while in the LUMCthaf
dye 5b protonated formsA and B the movement of electron
density toward the dihydrobenzo[a]phenazine segisamiticed.
However, no noteworthy changes in the electron digioh are
observed for the HOMO and LUMO of the fo@andD. All
these observations suggest that protonation on
dihydrobenzo[a]phenazine segment enhances the ralect
accepting ability and drifts the electron — densiward it and
the dfect is highly dependent on the donor strength e NiN —
dimethylamine. Higher wavelength vertical transitiomgre
predicted for the protonated dyes, which is in agesg with the
observed values. This indicates that the HUMO - LUMO
transitions may be treated as— n* transitions with prominent
charge transfer contribution.

the

X {-J
H,

Figure 4. Optimized geometry of dygb.
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molecular orbitals of the dy&b and their protonated forms.
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Figure 6. HOMO — LUMO+1 diagram of the dy&b protonated
form B.

3. Conclusion

In conclusion, we have efficiently synthesised rihpquinone
fused dihydrobenzo[a]phenazine styryl dyes startirgm 2-
hydroxy, 1, 4-naphthoquinone (Lawson€)) (by employing
simple addition and condensation reactions with shéable
aldehydes. The styryl dyes displayed rich opticapprties in the
ground and excited states. They do not displaysod¥@omism
and solvatofluorism. But, these dyes exhibit hatoafism. The
linear absorption of the dyé&m-d in the neutral, acidic and basic
medium were investigated and they are all sensitivethe
acidic/basic environment. Although the absorptioacsfa of the
dyes were not influenced by the nature of the sddveaddition
of TFA led to the preferential protonation of theephzine
segment. This has resulted in an interesting hatocism. The
protonation with TFA and deprotonation with TEA resint
strong bathochromic shifts of the absorption barttke relative
fluorescence quantum yields of compounds were detedriy
using fluorescein in 0.1 M NaOHpE 0.79) as a standard. Using
DFT computations the red-shifted absorption peasepked for
the dyes were identified to be originating from-a* transition
with minor contribution from the charge transfervbetn the
donor and acceptor fragments. The qualitative sestzberved in
the optical properties were supported by the thealet
computations pointing that the electronic structume small
molecules with weak donor-acceptor interactions cam b
modelled with accuracy using DFT computations. Pbioysical
properties of the compounds were supported by Dil iawas
observed that computational results are good agreewmith the
DFT computations. The compounds were confirmed by'#R,
NMR, ®*C NMR and mass spectral analysis. The research work
described herein report naphthoquinone fused dipjtenazine
styryl derivatives. We hope that the naphthoquindosed
dihydrobenzo[a]phenazine styryl based fluoresceaid/lbase
sensors will be developed and applied in sensorsingin the
future.

4. Experimental Section
4.1. Physical measurements and Instrumentation

All analytical grade chemicals and reagents were yeat
from Sigma Aldrich (India) and were used without ferth
purification. The reaction was monitored by TLC gsth25 mm
E — Merck silica gel 60 k%, precoated plates, which were
visualized with UV light.Purifications of all the compnds were
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achieved by recrystallization. Melting points wereasured on
standard melting point apparatus from Sunder imdgiroduct
Mumbai, and were uncorrected. The FTIR spectra weerded

on a JASCO 4100 Fourier Transform IR instrument (ATR

accessories). The nuclear magnetic resonance apesctre
recorded on a Varian 500 MHz instrument using GD&id

Tetrahedron

The synthesis of 3-benzylidenenaphthalene-1, 23H)-trione
precursor(3a-chas been described in our previous published
paper3*

4.3.1. Synthesis of 3-(2, 4-
dimethoxybenzylidene)naphthalene-1,2,4(3H)-trione

DMSO-D; as a solvent and TMS as an internal standard. The3d)

chemical shift values are expressed ippm. ESI — MS analysis

A mixture of 2 — hydroxy — 1, 4 — naphthoquindhél0 mmaol),

was performed on Varian mass spectrometer. Hareus rap®, 4 — dimethoxybenzaldehy@el(10 mmol), and piperidine (2-3

analyser was used for elemental analysis. The UV -spéstra
were performed with a Perkin Elmer
spectrophotometer at room temperature. All solutfonenergy
transfer studies were prepared at the concentrafidn0x10°M

in THF and photophysical measurements were caruédtar the
determination of emission quantum yielpsn THF, fluorescein
in 0.1 M NaOH ¢ = 0.79) was used as the reference starfdard.
**The relative quantum vyields of the synthesized ammpgs in
THF solvents were calculated by using the equatign (

@ = O x (Grady / Grads) x M’/ n’s) @
Where,

@ = Quantum yield of compound

@, = Quantum yield of standard sample
Grad, = Gradient of compound

Grad, = Gradient of standard sample
1« = Refractive index of solvent used for synthesizeshpound
1« = Refractive index of solvent used for standardda

4.2, Computation Methods

The molecular geometries have been optimized ughng
Gaussian 09 suite of program$The ground state (S0) geometry
of the dyes were optimized in the gas phase as welh aHF
medium using DFF-The functional used was B3LYP. The
B3LYP method combines Becke’'s three parameter exghan
functional (B3)?® with the nonlocal correlation functional by Lee,

drops) in ethanol was refluxed for 3 h.Progresshef teaction

Lamda-25was monitored by TLC.The reaction mass was then pointe

crushed ice. The precipitate solid obtain was fierwashed
with water and dried. Further purification was effectby
recrystallization in methanol. Yield = (251 mg, 78%W).p. =
248-250°C; Rf (30% Hexane/EtOAc) 0.32H — NMR (CDCls,,
500 MHz) = § 3.83 (s, 6H, OCH), 7.68-8.16 (m, 7H, aromatic),
9.75 (s, 1H, vinylic C=C-H)*C-NMR (DMSO-Ds, 125 MHz)
=6183.5, 180.1, 179.6, 165.7, 160.4, 151.2, 135.4,9,3130.7,
128.5, 126.3, 114.1, 104HE-IR (KBr, cm ™) = 3056 (Ar-H),
1660 (C=0), 1590 (C=C), 1358 (C-O-®Jass=m/z 322.99.

4.3.2. General procedure for Synthesis of (E)-6-
benzylidene-6, 12-dihydrobenzol[ a] phenazin-5-ol
derivatives (5a-d).

A solution of (E)-3-benzylidenenaphthalene-1, 2, H)(&ione
(3a-d) (10.0 mmol), o— phenylenediamine4 (10.0 mmol),
mixture of EtOH/AcOH(50:50) and pinch of Zn powder were
heated at 86C. Progress of the reaction was monitored by TLC.
On completion of the reaction, solvent (EtOH/AcOH) was
removed by evaporation under reduced pressure notary
evaporator.The residue was poured into beaker congpi
crushed ice (80 mL) and agitated for 10 min. Thecjmitate
obtainedwas filtered, washed thoroughly with water dridd.
Further purification was effected by recrystallipatin aq. DMF.

4.3.2.1.(E)-6-Benzylidene-6, 12-
dihydrobenzo[ a] phenazin-5-o0l  derivatives (5a).
Yield = (275 mg, 82%); M.p.= 270-272;Rf (30%
Hexane/EtOAc) 0.69H-NMR (DMSO-Dg 500

Yang and Parr (LYPY. The basis set used for all atoms was 6-MHz) = 5 16.37 (s, 1H, OH), 6.83-8.40 (m, 13H,

31G (d). The vibrational frequencies at the optimizséructures
were computed using the same method to verify that t
optimized structures correspond to local minimatlo@ energy
surface. The vertical excitation energies and lagoil strengths
were obtained for the lowest ten singlet-singletdiions at the
optimized ground state equilibrium geometries bpgishe Time
Dependent Density Functional Theory (TD — DFT) with §ame
hybrid functional and basis S&t° Frequency calculations are
carried out to ensure that each optimized confdomahas all
positive frequencies and thus is a minimum on toémial
energy surface. The low-lying first singlet excitetdtes (S1) of
the dyes were relaxed using the TD — DFT to obtaieirt
minimum energy geometries. We have done TD — DFthef
optimized first singlet excited state geometriasdalculating the

aromatic), 6.15 (s, 1H, vinylic C=C-H), 3.80 (s, 1H
NH); '*C-NMR (DMSO-Dgs, 125 MHz) =8§160.1,
134.9, 134.8, 133.6, 132.3, 131.0, 130.9, 126.3,
125.9, 125.8, 111.#£T-IR (KBr, cm™) = 3329
(OH), 3250 (NH), 3048 (Ar-H), 1665 (C=N), 1600
(C=C); Mass m/z 336.13.Anal. Calcd for
C,3H16N,O (%): Calcd C, 82.12; H, 4.79; N, 8.33;
O, 4.76. Found C, 82.61; H, 4.48; N, 8.35; O, 4.56.

4.3.2.2. (E)-6-(4-(dimethylamino)benzylidene)-6,12-
dihydrobenzo[ a] phenazin-5-o0l (5b).

Yield (280 mg,74%); M.p.= 254-258C;Rf (30%
Hexane/EtOAc) 0.62H-NMR (DMSO-Dg, 500
MHz) = & 16.34 (s, 1H, OH), 6.83-8.06 (m, 12H,
aromatic), 6.15 (s, 1H, vinylic C=C-H), 3.84 (s, 1H

emission > Frequency computations were also carried out on thelH), 3.02 (s, 6H, NCH); '*C-NMR (DMSO-Dg,

excited state geometry of the dyes. All the comjtat were
carried out initially in gas phase and in acetdeitsolvent using
the Self — Consistent Reaction Field (SCRF) undee t
Polarizable Continuum Model (PCMj. ** The electronic
absorption spectra, including absorption wavelengthlsillators
strengths, and main configuration assignment,
systematically investigated using TD — DFT with P@iddel on
the basis of the optimized ground structures.

4.3. Synthesis and Characterisation

125 MHz) =8156.7, 141.3, 135.1, 133.5, 132.6,
130.3, 128.5, 128.0, 126.4, 125.9, 125.8, 123.5,
48.6: FT-IR (KBr, cm ') = 3345 (OH), 3252 (NH),
3048 (Ar-H), 1664 (C=N), 1600 (C=C)Mass = m/z
379.33. Anal. Calcd for GH,;N3;O (%): Calcd C,

wergd9.13; H, 5.58; N, 11.07; O, 4.22.Found C, 79.10;

H, 5.48; N, 11.22; O, 4.20.

4.3.2.3. (E)-6-(4-nitrobenzylidene)-6, 12-

dihydrobenzo[ a] phenazin-5-0l (5c).



7
Yield = (289 mg,76% ; M.p.= 260-262C; Rf (30%  Yield = (340 mg, 86%); M.p.= 279-28fC; Rf (30%
Hexane/EtOAc) 0.52;'H-NMR (CDCl;, 500 MHz)  Hexane/EtOAc) 0.59!H-NMR (DMSO-Dg, 500 MHz) = §
= 8 11.84 (s, 1H, OH), 6.87-8.02 (m, 12H, 16.34 (s, 1H, OH), 7.63-8.65 (m, 12H, aromatic), 6.75(s,
aromatic), 6.16 (s, 1H, vinylic C=C-H), 3.42 (s, 1H vinylic C=C-H), 4.25 (s, 1H, NH), 3.6 (s, 6H, OQH"C-NMR
NH); ""C-NMR (DMSO-Ds, 125 MHz) =56143.6, (DMSO-Dg, 125 MHz) = 5164.8, 146.3, 135.9, 135.4, 134.1,
139.2, 135.2, 133.6, 132.4, 130.7, 128.3, 126.9,1317 131.2, 128.4, 127.5, 127.2, 126.7, 56TAR (KBr, cm"

- -1 —
é%géS’(olli;‘r'81’5%,34'111212101%758_)'R1é§§r'(cc—n2))) 1600 ), 3056 (A, 1660 (C=0), 1590 (C=C), 1247 (C-O-C)
I oo ) A Mass = m/z 395.60. Anal. Calcd for &H,N,O5 (%): Calcd C,
(C=C)Mass = m/z = 381.47.Anal. Calcd for 752, 4 508: N, 7.07; O, 12.1Found C, 75.64; H, 5.13; N,

C,3H5N303 (%): Calcd C, 72.43; H, 3.96; N, 11.02;

O, 12.59. Found: C, 72.22; H, 3.85; N, 11.51; 0,7'11;0’ 12.12.
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