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MdrW-!%mple routes to pbcnazhe oxides via I&iiketoncs are reported. 

This paper describes the application of some 1,2- 
diketones for the preparation of phenazine oxides of a 
substitution pattern not possible to obtain by the recently 
reported route via phenols and benxofurazan oxide.’ 
The present ntethti comprises two lines of approach: in 
one, the readily enolizable cyclohexane - 1,2 - dione is 
allowed to react with benzofurazan oxide in the presence 
of dietbyl amine to give phenazine oxides possessing OH 
substituents at position 1; in another, 1,2diketones are 
treated with anions derived from 23 - dimethylquinox- 
aline - di - N - oxides to give phenazine oxides sub 
stituted at (phenazine) positions 2 and 3. 

I. Reaction of cyclohexane - 1,2 - dione with ben- 
zofumzan oxide 

Despite its versatility, the route to phenaxine - di - N - 
oxides from phenols and benxofurazan oxide’ is not 
practicable for compounds of the substitution type 
defined by 1 - hydroxyphenaxine - 5,lO - dioxide (4a). 
This compound, alsng with myxin (1 - hydroxy - 6 - 
methoxyphenaxine - 5,lO - dioxide), iodinin (1,6 - dihy- 
droxyphenaxine - 5,lO - dioxide), and other analogs are of 
particular interest kause they possess enhanced biole 
&al activity.2 

Our expectation at the outset of this study was that, by 
analogy to other enolate anionsP cyclohexane - 12 - 
dione4 (2) would react with benxofutazan oxides (1) to 
give intermediate 3, which would then undergo dehy- 
drogenation (analogous to that of the intermediate in the 
reaction between phenols and benzofuraxan oxide’) to 
give the desired 1 - hydroxyphenaxine - 5,lO - dioxides 
(4, Scheme 1). The experimental results did not fully 
meet the or&al expectations: when benzofurazan oxide 
was heated with 1,2cyclohexanadionc in diethylamine, a 
mixture was obtained cont.ait@ not only the desired 
product (4) but also monoxide(s) of 1 - hydroxypehna- 
zinc (5), the latter probably arising by a base-induced 
tautomeric shift in 3 followed by dehydration (Scheme 
2). Although two isomeric monotides may arise depend- 
ing on whether a methylene hydrogen at C-3 or C-4 is 
involved in the tautomeric shift of 3, TLC with different 
solvent systems showed the monoxide to be home- 
geneous (tentatively formulated as S, on the basis of the 
enhanced acidity of the methykne hydrogen9 alpha to 
the &one function of 3). In order to improve the yield 
of the dioxides 4, the mixture obtained in Scheme 1, 
without further separation, was treated with 3-chloro- 
perbenzoic acid in benzene. This procedure not only 
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Scheme 2. 

gave the desired dioxides in good yield (4a, 56%; 4b, 
5946; 4c, 36%) but also facilitated considerably their 
isolation, 

All the 1 - hydroxyphenazine - $10 - dioxides dcs- 
cribed here are intensely colored crystalline solids (from 
MeOH-CHCl,: 4a and 4b dark red, 4e dark golden- 
purple), displaying a broad band at 34Wcm” and a 
strong band at 1340 cm-‘. Deoxygenation by sodium 
dithionite to the corresponding l-hydroxyphemuines (all 
yellow from EtOH-HIO) was attended with disap- 
pearance of the 134Ocm-’ in the IR, and with a hyp 
sochromic shift (20 nm) of the short-wavelength band 
in the UV (288-265 for 4a, 294-265 for 4b, W-275 for 
4e). 

II. Condensation of 29 - dim&ylquinoxalinc - 1,4 - 
didits with If-diketom 

The nitrone group (6) markedly resembles the CO 
group in facilitating the removal of a proton from an 
alpha C atom? Since the N+xide functions of quinox- 
aline - di - N - oxides may be regarded as the com- 
bination of two nitronc groups, Me hydrogens at posi- 
tions 2 and 3 in compounds such as 7 are expected to 
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show enhanced acidity. Advantage of this acidity was 
taken in the extremely rapid condensation of 7 with 
acenaphthenquinone (8) in methanolic potassium 
hydroxide to give substituted phenazine - di - N - oxides 
in very good yields @a, 9046; 9b, 70%; 9c, 75%, Scheme 
3). These products showed IR absorption bands at cm-’ 
133&1340 (N + 0 stretching), 830 and 77&780. 
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Scheme 3. 

The dioxides 7 reacted with 1,2cyclohexanedione (2) 
in methanolic potassium hydroxide as rapidly as they did 
with 8, but in this case the products were mixtures of the 
tetrahydrobenzo[blphenazine - di - N - oxides (10) and 
the corresponding monoxides (11). The products 
(separated by thick-layer chromatography) were obtained 
in low yields (Scheme 4: 10a, 17%; 118, 6%; lob, 7%; 
lib, 3%). They all showed bands at cm-’ 2940 (methy- 
lene stretching), 134M350 and 64o-900. As expected, 
oxidation of lla by 3chloroperbenxoic acid gave 101. 

Whereas the reactions outlined in Schemes 3 and 4 
proceeded remarkably fast, the base-induced conden- 
sation of 7 with benzil(l2) was so sluggish as to require 
23 days for completion. The prcxfucts were mixtures of 
2.3 - diphenylphenaxine - di - N - oxides (13) and the 

Scheme 4. 
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corresponding monoxides (14). Separation was effected 
by thick-layer chromatography, and yields were low 
(Scheme 5: 13a, 14%; 148,6%; 13b, 5%; 14th 1096; 13c, 
5%; MC, 3%). The products showed bands at cm-’ 1335- 
1345,89&~,770-780 and 700. The NMR spectra of 13a 
and 14n are noteworthy. In the more symmetrical di - 
N - oxide l3a the three different hinds of protons were 
clearly resolved (&values): the deshielded protons at C, 
and C, appeared as a singIet at 8.3, and the almost 
isochronous protons at C, and Co gave a multiplet cen- 
tered at 8.3; the protons at C, and CI gave a multiplet 
centered at 7.4, and the ten protons of the two phenyl 
groups at C, and C1 gave a singIet at 6.9. The less 
symmetricaI monoxide Ma showed four kinds of pro- 
tons: a singIet and a multiplet at 8.3 (protons at C, and 
Cd, a singIet and a mukiplet at 7.8 (protons at C, and 
C&a muItipIet at 7.4 (protons at C, and Cd and a singlet 
at 6.9 (IO protons). Oxidation of 14r witb 3chIoroper- 
benzoic acid gave 13r and deoxygenation of either 13n or 
14m by sodium dithionite gave 2,3diphenyIphenazine 
(15). 

The formation of the monoxides 11 and 14 merits some 
explanation. We believe that these products arise by the 
c&anion induced deoxygenation depicted in Scheme 6. 
In support of this postuhtte is the observation that 13s is 
partiahy converted into 14~ after standing for two days 
at room temperature in methanoIic potassium hydroxide 
containing 7, whereas it is recovered unchanged under 

the same conditions+ but in the absence of 7. FaiIure to 
isolate product 16 is not surprising in view of its expec- 
ted Iabiity in base: 

Condensations of 7 with phenylglyoxal, isatin, biacctyl 
and diethyl oxaIate were also attempted, but the reac- 
tions either failed or yielded intractable mixtures. 

Closely related to the reactions descrii here is the 
condensation of 2 - methylquinoxahne - di - N - oxide 
(17) in base with benzaldehyde to give the 2-styryl 
derivative 18 in good yield (Scheme 7,65%). The product 
showed bands at cm-’ 1625, 1370-t375, 970 (trm 
double bond), and 690. 

M.ps were determined on a R&e-Johna apparatus and were 
unconxctcd. IR spectra (KBr) were taken on a Perki~Eilmcr 257 
@cctrometer. ‘H NhfR (8) were ND in CDcl, on a Varian 
A6SD Spectrometer. &mental analyses were performed by P. 
Pas&r, Bonn, Germany. Silica gel GFw (Merck) was used in 
TLC. AU the btnzofhuan oxides were prepared by a slight 
modtication of Mallory’s’ method where commerical sodium 
hypochlorite sohHion (Wlml per 0.3 mok of the specific o 
nitroaailioc) was substitutul for chlorine. 

GeRerul pm&H A 
lRe rcactiort of bmzofwwan oxide with l,Z- 

cyclohaudione A soln of the specific benzofurazin oxide in 
diethylamine or uiethylamine was added drop& to l&cyclo- 
hexanedione in a 2SOml, J-necked round-ttottomcd flask quip 
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M with a me&mcal stirrer. After the addition of the bcn- 
zofiuazan oxide soln was compkted, the mixture was stirred for 
a rpecific kngtb of time. Tbc mixture wan diiuted with CrUdEd 

ice and aCidiflcd with ACOH. The brown-red solid was Cokti, 

wmbd with water and dried. TLC ahowed the presence of red 
and olive green products. 

aaural jVvcedurr B 
7Ic oxi&zrion With +ch&?vpe&Jlwic tIcid The crude 

product from prac&rc A was din&cd in benzene and a warm 
beluent soln of 3-chloroperbcnxoic acid was added to it The 
mixture was either left to stand at rwm temp. or r&xcd for 
~)mc time. The aoin was extracted with a 10% Na.$O, aq 
followed by a 10% NaHCO, aq. Evaporation of the dried hen- 
zeaesolngaveadart~so~whicbwpstreatedwitha1096 
NaOH aq. The resuhing blue E&I was acid&d with AcOH to 
tiord the product as a bright red solid. Recrystallization from 
McOH~HCl, or ecparation by cohunn chromatography (silica 
gel) yielded the pure product. 

1 - Hy~XJpheWfJu - $10 - &xi& (4a) 
Etcntofurazan oxide (10.20, 0.07 mole), 1,2~ycbhexanediom 

(4.2 g, 0.035 mole), DEA (100 ml), 30 min in ice&a&, 1 hr at rmm 
temp. The crude pradnct (7.32g) was oxidized with 3cbloropcr- 
bcnzoic acid (7.32 g) for 12hr at room temp. DarL red uccdks, 
4.50, 56%, m.p. l&l85 (lit.’ 18MW’). TLC in Merent sol- 
vents co&mcd the homogeneity of tbc product. LR v,, 3400, 
3100,1590,1550,1470,1400,1380,1345,1320,1300,1260,1245, 
1095, 1060, 1040,880,835,800,770,750,655 cm-‘, ‘H NMR 7.0 
(m, 2H), 7.7 (m, 4H), 8.3 (m, 2H). (Four.& C, 63.67; H, 3.67: N, 
12.18. Calc. for C,,H,N,Q: C, 63.16; H, 3.53; N, 12.28%). 

7,8 - DsnrefhyI - 1 - hydnoxyphcnozinc - 5,lO - dioxide (4b). S,& 
Dimethylbenzofurazan oxide (5.3 g, 0.032 mok), DIM (lOOmU, 
1,2cycbhexanedionc (1.9 g, 0.016 mole), 2 hr at room temp. TLC 
indicated red and olive green products. Crude product (25g), 
Zchlorperbcnzoic acid (4.0 g, 0.02 mok) in benzene, reflux 24 hr. 
&par&ion by silica gel c&mm chromatoeTapby (pet. ethcr- 
bcnzcnc, 3:7). Darer red ncedks m.p. 1~1W’dcc. l.Zg, S9%. IR 
V, Uoo, 3100,2!XKl, 1620, 1550, 1500, 1475, 1410, 1385, 1340, 
1280, 1265, 1180, 1135, 1100, 1060, 1040, 1010, 915, 805, 750, 
680 cm-‘. ‘H NMR 2.4 (I, 6H), 7.5 (m, 6H). (Found: C, 65.14; H, 
4.73; N, 11.03. Cak. for C,,H,,N,O,: C, 65.62; H, 4.72; N, 
10.92%). 

7% - DschIom - 1 - hydroxgpW - 5,lO - &tie Me). S,& 
Dichlorobenzofurazau oxide (12.0 g, 0.06 mok) TEA @XI ml), 
l~~ycbbcxanedionc (3.66 g, 0.03 rmk), 10 hr in ice-bath. TLC 
indicated purple and olive green products which were isolated by 
thick layer chromatography. CIIMIC products (2.Og), 3chlor~ 
perbenzoic acid (4.0 g, 0.02 mok) in benzene, r&x 30 min. Dark 
purpk solid, m.p. 24&W, 1.6g, 36%. IR V, 34C@,3CW, 1620, 
15s0, 1540, 1490, 1450, 1420, 1395, 1355, 1340, 1240, 1225, 1205, 
1180, 1140, 1110, 1095, 1060, 1040, 910, 900, 830, 7,aS, 735, 720, 
665, 635 cm-‘. ‘H NhfR 7.5 (m). (pound: C, 48.02; H, 1.93; N, 
9.22; Cl, 23.43. Calc. for C,&Nz03C12: C, 48.48; H, 2.02; N, 
9.42; Cl, 23.90%). 

1-Jfy&tXypircnaGU. 1 - Hydroxypbnazine - 5.10 - dioxide 
(1.0 g, 0.004 mok) in 5% NaOH aq (50 ml) was treated with a 40% 
N-0, aq (10 ml) add& over 30 min. Acid&&on with A&H 
gave a brown-yellow solid which upon rccrystalliratinn from 
EtOH-water gave fluffy yellow needles of 1-hydroxypbnazinc, 
0.3g, 8096, m-p. 157-W (lit? 157-1589. I-Acctoxyphenazine 
(acetic anhydridc:pyridine) melted at 12&121* (liL9 1237. 

7,8 - Dimethyl - 1 - hgdroxyphenuzine A soln of N&O, aq 
(0.5 g, 10 ml) was added dropwise (1 hr) to a hot soln of 7$ - 
dimethY - 1 - bydroxypbcnazine - 5,lO - dioxide (0.1 g, 3x 
16’ mok) in 12dimtthoxyethanc (40 ml) at 80”. The aoln WBS 
diluted with water and the yellow solid was recrystallized from 
EtOH-water, 0.05 g, 8246, m.p. 2W210” dcc. fR V_ Uoo, 2990, 

2910, 1640, 1570, 151s, 1480, 1450, 1370, 1360, 1240, 1140, 1090, 
1035, 1010,875,840,790,75S, 72Ocm-‘. ‘H NMR 2.4 (I, 6H), 75 
(m, 6H). (Found: C, 74.36; H, 5.26; N, 1256. Cak. for 
&H&O: C, 74.99; H, 5.54; N, 12.49%). 

7,8 - Iliclrloro - 1 - hydroxyphutarinc. The pruccdurc for the 
reduction of 7,8 - dimethyl - 1 - hydroxyphenazine - $10 - dioxide 
wag fotlowcd. 7,8 -. Dichloro - 1 - hydroxyphenazinc - $10 - 
dioxide (0.1 g, 3 x lO-‘mok) yielded 0.051 g, 65% of the yellow 
product m.p. 11UlP. IR V_ 344M, 3040,2%5,1630,1500,1460, 

1450, 1420, InO, 1350, 1220, 1100, 1080, 990, 880, 830, 755, 
740 cm-’ ‘H NMR 7 3 , . . 

Grncrul prucedun C 
2l.e rrclction of 22 - dimethylqwinoxaline - 1,s - dioxides with 

lJ-dMona. Tk specific 2$ * dimethylquinoxaline - 1,4 - diox- 
ide (7) and the specific 1,2 - diketoae (8,2 or 12) were dissolved 
in warm &OH. A 10% meth~&c KOH soln was added and the 
mixture was left to stand at room temp. for sow time. T&c 
product precipitated out and was wlkcted. Mixtures of dioxides 
and monoxides were separated by thick layer chromatography on 
silica gel and elution with benzene-McOH (1% MeOH). 

Acaphtho[l,2 - b]phmazine - 5,lO - dioxide @a). 2$ - 
Dimethylquinoxalinc - 1,4 - dioxide (0.5 g, 2.5 mmok), acenaph- 
thenqtine (O&g, 2.5 mmok), immediate product., 0.7 g, 
accond crop, 0.12 g, 1 day, 9096, m.p. 255’ (from AcOH). IR v, 
1470, 1450,1340,1320, 1095,830,770,735,680 cm-‘. (Found: C, 
78.61; H, 3.77; N, 8.43. Calc. for CpHL202Ni: C, 7856; H, 3.60; 
N, 8.33%). 

10 - Merhxyacenaphtho[l,2 - blphenuzine - %I0 * dhidh 
@bl. 23,6 - Trimethylquinoxaline - 1,4 - dioxide (0.25 g, 
1.3 mmok). 1 day, 0.32g,70%, the product was digested in hot 
MeOH, m.p. 240” dec. IR v,, 1445,13M, 1230, loss, 900,830, 
780, 72Ocm-‘. (Found: C, 78.25; H, 4.07; N, 8.X Calc. for 
C,H,4N,0z: C, 78.84; H, 4.03; N, S.W%). 

10 - Methoylaccnophtho[l,2 - blphcnazinc - 5,lO - dioxide 
(9~). 25 - Dimethyl - 6 - methoxyquinoxalinc - 1,4 - dioxide 
(0.28 g, 1.25 mmole), acenaphthcnquinone (0.U g, 1.3 mmolc). 1 
day,; 0.35 g, 7596, m-p. 245-247”. IR v,, 1610, 1480, 1450, 1410, 
1335, 1250,1210, lo&o, 1020,880,825,775,73Ocm-‘. (Found: C, 
73.98; H, 4.04; N, 7.69. MC. for CUH14N205: C, 75.40; H, 3.85: 
N, 7.65%). 

Tdmhydnobenwo[b]pheMtinc - $10 - dioxide (101) and tetm- 
hydrubenzolblphenaz&e - mono - N - oxide (Ha). 2$ - 
Dimcthylquinoxali~ - 1,4 - dioxide (0.95 g, 5 mmok) in water 
(10 ml), 1,2~yc10hexanediine (054 g, 5 mmok) in water (60 ml). 
Two days, productJ were separated by TLC, lL, 0.2 g, 1796, m.p. 
193-195’ (MeOH). IR v,, 2930, 1620, 1445, 1340, 130X 1180, 
1125,1080, !BQ, 815,770,760+ 735,670 cm-‘. (Found: C, 72.02; H, 
5.18; N, 10.62. Cak. for C1~14N202: C, 72.16; H, 5.30; N, 
10.52%). lla, O.O7g, 646, m.p. 181-183”. IR v, 2940,1560,1500, 
1470, 1440, 1425, 1400, 1340, 1270, 1100, 920, 860, 765 cm”. 
(Found: C, 76.52; H, 558; N, 11.17. Calc. for CIIH14N10: C, 
76.78; H, 5.64; N, 11.199s). 

8 - Methyltctmhydrobmzo[blp~tinc - $10 - dioxide Wb) 
and s(9) - methylte.tmhyd&enw[blphtnazint - mono - N - oxidt 
(llb). 2$,6 - Trimethylquinoxalinc - 1,4 - dioxide (1.1 g, 5 m.mole) 
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in water (50 ml), 1,2cycbhexanedioue (0.6 g, 5 mmok) in MeOH 
$0 ml), Two days, products were separated by TLC, Ma, 0.1 g, 
196, m.p. 18&185”. IR v, 2940, 1615, 1450, 1415, 1340, 1320, 
1180, 1120, 1075, 925, 870, 815, 72Ocm-I. (Found: C, 72.75; H, 
5.8% N, 10.04. Cak. for C,,HI,NZO1: C, 72.84; H. 5.75; N, 
9.99%). lib, O.O36g, 3%. m v, 2940, 1630, 1550, 1500, 1440, 
1400,1350,t330,1270,920,870,820,700cm”. 

23 - lxph?uylphenazinr - 5,lO - diuxidc (134 and 23 - 
diphenylphcrrozine - muno - N - oxide (144. 23 - 
IXmcthybtilralim - 1,4 - dioxide (3.88, 20 mmole) in &OH 
[40 ml), benzil (4.2g, 20 mmok) in MeOH (60 ml). Three days, 
products were separated by TLC. 13a, 1 g, 1496, m.p. 1%-l*. 
IR vrflx 3050, 1438, 1340, 1320, 1230, 1100, 900, 780, 770, 
635 cm-‘. ‘H NMR 8.3 (s, m, 4H), 7.4 (m, 2H), 6.9 (s, 1OH). (Found: 
C, 79.01; H, 4.33; N, 7.80. Calc. for CUHIeOIN2: C, 79.10; H, 4.43; 
N, 7.69%). lC,0.43 g,6%, m.p. 177-17P, IR v,, 3050,1550,1500, 
1440,1430,1390,1350,1240,890,780,765,700 cm-‘. ‘H NMR 8.3 (s, 
m, 2H), 7.8 (s, m, W), 7.4 (m, 2H), 6.9 (s, 10H). (Found: C, 82.75; H, 
4.57; N, 8.05. Cak. for CMH,,ONI: C, 82.74; H, 4.63; N, 8.04%). 

7 - Methyl - 23 - diphenylpheuuzine - 5,lO - dioxide (1%) and 
7(8) - methyl - 2,3 - diphenylphenbw - mono - N - oxide (Mb). 
23.6 - Trimcthylquinoxaline - 1,4 - dioxide (4.1 g, 20 mmole), 
be&l (4.2 g, 20 mmok) in warm MeOH (80 ml). Two days, the 
solvent was evaporated and the acidified (HCl) residue was 
extracted with CHC&, the products were separated by column 
chromatography on neutral alumina (benzene) followed by TLC. 
13b, 0.40, 596, m.p. 210-212”. IR v,, 3040, 1640, 1440, 1420, 
1335, 1238, 1200, 1090, 890, 780,760,700,650cm-‘. (Found: C, 
79.20; H, 4.65; N, 7.71. Cak. for Cx,H,BNzOz: C, 79.35; H, 4.79: 
N, 7.40%). Ilb, 0.7g, 1096, m.p. 17U720. IR u,, 3050, 1625, 
1600,1550,1490,1440,1420,1380,1345,1240, s90,875,815,780, 
770, 7OOcm-‘. (Found: C, 82.60; H. 4.94; N, 7.90. Cak. for 
&H,sNIO: C, 82.85; H, 5.01; N, 7.73%). 

7 - hiethoxy - 2J - diphenylphenazine - 5,lO - dioxide (UC) and 
7(8) - methoxy - 2,3 - diphenylphenazine - mote - N - OXI& 
(UC). 2$ - Dimethyl - 6 - mcthoxyquinoxahne - 1,4 - dioxide 
(3.3 g, 15 mmole), benziI (3.2g, 15 mmolc) in warm MeGH 
(17OmI). The same procedure for 13b, 14b was followed. MC, 
0.3g, 596, m.p. 21f215”. IR P- 3050, 1620, 1600, 1465, 1425, 
1348, 1240, 1230, 1210, 1085, 1020, !@O, 840, 780, 765, 700, 
650 cm-‘. (Found: C, 75.89; H, 4.56; N, 7.26. Cak. for 
C,H,sNN,OJ: C, 76.13; H, 4.60; N,7.10%). 14b, 0.15 g, 396, m.p. 
178-180”. IR v,.. 3050. 1625, 1600, 1560. 1465. 1440. 1425, 1400. - . 

1350, 13tX), 1235, 1200, 1100, 1020, 895, 840, 830, 785, no, 
705cm-‘. (Found: C, 78.15; H, 4.71; N, 7.30. Cak. for 
CUH,,N202: C, 79.35; H, 4.79; N, 7.40%). 

Oxidation of 2.3 - diphenylphennzine - mono - N - oxi& (I&). 
General procedure B was used on 50 mg, O.l4mmok, of 2J - 
diphenyl - mono N - oxide. The product, 13a, 4Omg. Sl% 
was identical with authentic 13o. 

Reduction of 13s and 14~ Methanolic solns of di - N - oxide 
lk or mono - N - oxide 14a were treated separately with aq 
Na&O,. The solns were heated briefly and water was added to 
induce crysttdliracion. B&I reactions yielded Z,Miphenyl- 
pheuazine, 15, as a yellow solid, 5096, m.p. 17&172”. IR v,, 
3050, 1500, 1460, 1435, 060, 1190, 1120, 890, 855, 780, 750, 
700cm-‘. (Found: C, 86.66; H, 4.86; N, 8.38. Cak. for C&,*Nz: 
C, 86.72; H, 4.85; N, 8.43%). 

2 - Styrylquinoxalinc - 1.4 - diuxide (18). IJroctdurc c was 
followed. 2 - Methylquinoxaline - I,4 - dioxide (1.76g, 10 mmole), 
bcnzaldehyde (3 g, 28 mmok) in MeOH (40 ml). 12 hr. 18, 1.7 g, 
65%. m.p. 2282M” (CHC&-MeOH). !R v,, 3020, 162% 1530, 
1500,1375,1240,1220,1090,970,770,760,745,690 cm-‘. (Found: 
C, 73.08; H, 4.55; N, 10.70. Calc. for C&02N2: C, 72.71; H, 
4.58; N, 10.60%). 
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