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SILYL-NITROGEN COMPOUNDS,~ IV: 
REACTIONS OF 

ALCOHOLS AND CARBOXYLIC ACIDS 
PENTASILA-PHOSPHA-PENTAZENE WITH 

S.K. VASISHT* and KAVITA BANDHU 

Department of Chemistry, Panjab University, Chandigarh-160014, India 

(In final form 24 April, 1997) 

Pentakis(trimethylsilyl)-3-phospha-2-pentazene (Me&)zN-N(SiMe3)-P=N-N(SiMe3)2 (1) reacts 
with Me3COH to form oxidative addition products, the partially desilylated [bis(trimethylsilyl) 
hydrazino][bis(trimethylsilyl)hydr~ono](t-butoxy)phosphorane (2) and the completely desilylated 
hydrazino-hydrazono(t-butoxy) phosphorane (3). With CF&OOH, (1) forms [tris(trimethylsilyl) 
hydrazino] [bis(trimethylsilyl)hydrazono](trifluoroace~to)phosphorane (4). (1) and CF3COOH in 
the ratio 1 5  produce a partially desilylated oxidative addition product trimethylsilylhydrazino-tri- 
methylsilylhydrazono(trifluoroacetato)phosphorane (5) and a desilylated dimer 
[H2N - N - p (OOCCF,) = N-NH,],, (6). With fluorosulfonic acid, (1) forms tetrakis(trimethy1si- 
lyl) tetrazane (Me3Si)2N-NH-NH-N(SiMe3)2 (7) and a desilylated phosphorane H1N-NH-P(H) 
(S03F)=N-NH2 (8). Trifluoromethane sulfonic acid forms a desilylated phosphorane HPN-NH- 
P(H)(SO&F,) = N-NH2 (9). 

INTRODUCTION 

Silylated pho~pha-triazenes,~?~ -tetrazenes4 and -pentazenes' are well known. 
Some chemistry of the silylated phosphatriazene has been reported in litera- 
t ~ r e , ~ - ~  whereas, that of the latter molecules is being investigated in our labora- 
tories. In continuation of our studies' of pentasilaphosphapentazene 
(Me3Si)zN-N(SiMe3)-P=N-N(SiMe3)2 (l), we report here its reactivity towards 
protonating agents. 

RESULTS AND DISCUSSION 

Both acyclic as well as cyclic tetrasila-tetrazenes are known to undergo partial or 
complete desilylation with alcohols and carboxylic acids.' Protolysis of the 

* Corresponding author. 
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102 S.K. VASISHT and K. BANDHU 

former lo with CF3COOH leads to the formation of tetrazene H2N-N=N-NH, 
(eqn 1) whereas, that of the cyclic cis derivative gives ammonium azide. 

(Me3Si)zN - N = N - N(SiMe3)z +4CF3C00H t H2N - N = N - NH2 . . . . (1) 
-4Me3SiOOCF3 

In both the cases reactivity at -N=N- is not observed. However, electrophillic 
silylated phosphatriazene12 and ph~sphatetrazene~ have been reported to com- 
bine with methanol to form oxidative addition as well as desilylation products. 
Pentasila-3-phospha-2-pentazene (l), on the other hand, reacts with methanol in 
different proportions with addition at P=N besides forming the partially and 
completely desilylated products. ' 

Reaction of (1) with t-butanol is very slow at room temperature when both the 
reactants are taken in equivalent amounts. Reaction of (1) and excess Me3COH 
yields a partially desilylated oxidative addition product (2) and a completely des- 
ilylated phosphorane (3). 

(1) + Me3COH 

- Xe,SiOCMe3 I 
/" /SiMe3 ti, / 

Rle3Si, 11 

,N-N N-N 4. /N-Iy\ p--N 
.\I e 3S i P SiMef P I I  '* / \ 

H OCMe3 11 OCIMe3 

(2) (3) 

I1 

\ &  \ \ 

/ \  

The 'H-NMR spectrum of (2) in benzene shows a resonance at 6 0.27 attrib- 
uted to the four equivalent MegSi groups. The butyl group gives a singlet 
at 6 1.42. The signal at 10.90 is a doublet due to P-H group with an expected 
large coupling constant 'J(H-p) = 612 Hz.~.'* The 31P-NMR shows a signal at 
25.34 ppm which is characteristic of 4-coordinated P(V).476,12 The infrared spec- 
trum of compound (2) shows important bands (cm-') at 3300 v(N-H), 2360 
v(P-H) and 1255 v(P=N) supporting the presence of the three functional groups. 

Methanol is already reported to react with phosphatetrazenes to form both 
phosphorane4 as well as phosphine2 derivatives. Reaction of phosphapentazene 
(1) with methanol yields phosphine derivatives,' whereas, that of (1) with t-buta- 
no1 leads to the formation of phosphorane. Thus, it is difficult to infer whether an 
initial 1,l-product or 1,2-product is formed in the reaction of phosphazene and 
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NITROGEN COMPOUNDS 103 

alcohol. However, it is expected that such a reaction may involve an insertion of 
phosphazene into the polar 0-H linkage15 to form an initial phosphine as follows: 

-p=N- -p=N- -P-t- -P-N- 
+ I I I  t -  RO.---R - RO H R - 0 - H  
* 

RO-H 

The phosphine, thus formed, may then undergo tautomeric rearrangement to 
form a phosphorane. The initial addition at -P=N- is also supported by the for- 
mation of an intermediate amide in the low temperature reaction of FUi 
(R = CH3 or C4H4 with tetrasilaphosphatetrazene. l3 The amide reacts with 
Me3EC1 (E = Si or Sn) to give phosphines some of which then undergo intramo- 
lecular rearrangement to form pho~phoranes.'~ Such a low temperature insertion 
of -P=N- into RLi in (1) could not be established exclusively because the inter- 
mediate amides could not be isolated due to their instability. l4 

The phosphorane (3) formed in addition to (2) is a white solid insoluble in 
n-hexane, Et20, benzene, CH2C12 and CHCl, etc. but soluble in water and D20. 
The 31P-NMR spectrum shows a signal at 25.95 ppm in D20. This is the range 
typical of P(V)4,6,'2 compounds. The infrared spectrum of the pure sample 
shows important characteristic bands (cm-') at 3300,3150 v(N-H), 2360 v(P-H) 
and 1260 v(P=N) which support structure (3) for the compound. Mass spectral 
analysis of (3) shows molecular ion peak at m/Z 166. 

Reaction of (1) with trifluoroacetic acid proceeds similar to that with t-butanol 
and leads to an oxidative addition product (4) (eqn 2). Besides, desilylation 
occurs to form a phosphorane (5) and a diazadiphosphetidine (6), (eqn 3a, 3b). 
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104 S.K. VASISHT and K. BANDHU 

The 'H-NMR spectrum of the oxidative addition product (4) in benzene shows 
resonances at 6 0.36, 0.14,0.3Od 4J - = 0.6 H z . ~  A doublet at 6 10.93 with 'J,, = 
669 Hz is attributed to P-H g r ~ u p ~ ~ ' i n  (4). The 19F-NMR spectrum in n-hexane 
or Et20 shows a resonance signal at 70.6 ppm due to the CF3CO0 group. The 
31P-NMR spectrum gives a signal at 6 10.32 characteristic of four coordinated 
P(V) The infrared spectrum shows important bands at 2410 
v(P-H), 1700 v(C=O), 1255 v(P=N), 1210 v(C-F), 1050 v(C-0) and 920 v(C-F). 

The partially desilylated phosphorane (5) is a colourless liquid distilling at 
70°C/10-3 tor. Its spectral data (Experimental) is characteristic of phosphorane 
structure similar to (4). 

Phosphazenes -P=N- with less bulky substituents on double bonded nitrogen 
have greater tendency to dimerise into diazadiphosphetidines.2 This has been 
observed in some desilylation reactions of tetrasilaphosphatetmzene. l3  Besides 
(4) and (5). reaction of (1) with CF3COOH leads to desilylation to form diazadi- 
phosphetidine (6). It is a white solid insoluble in n-hexane, ether, CH2Cl2, 
CHCl,, benzene and THF but is soluble in water, D20  and methanol. The 19F 
NMR spectrum of (6) shows resonances at 674.99 and 75.66 in D20 corre- 
sponding to two nonequivalent CF3  group^.'^ The 31P-NMR spectrum shows 
two peaks at 6 0.73 and 4.66 characteristic of P(V)  derivative^^.'^. The spectra 
showing nonequivalent phosphorus atoms as well as CF3 groups in (6) indicate 
the possibility of an isomeric mixture. 

Phosphapentazene (1) reacts with fluorosulfonic acid in the ratio 1 5  to yield a 
tetrazene (7)and a phosphorane (8). Compound (7) distils out as a colourless liq- 
uid at 60°C/10-3 torr, whereas, compound (8) is obtained as a white solid insolu- 
ble in almost all organic solvents but soluble in water and D20. 

Me3Si, !' /Sihle3 

MeJSi Sihle, 
N-N-N-N, ( h a )  

(7) 

H, / H 11 
/N-N, &N-X' 

H OSOZF 
P I 1  / \ 

(8) 
The 'H-NMR spectrum of (7) in benzene shows a singlet at 6 0.18. 

also shows only one resonance signal at 6 32.66. Mass spectrum 

( 4 b )  

29Si-NMR 
shows the 

molecular ion peak at m/Z 350 and the observed isotopic pattern of the molecular 
ion agrees well with that calculated for C,2H3,N4Si4. Some of the other impor- 
tant fragments are observed at m/Z 349 (m-H)+, 336 (m-Me)', 320 (m-2Me)+, 
277 (m-Me3Si)+. 
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NITROGEN COMPOUNDS 105 

Compound (7) is probably formed through an intermediate (A) which decom- 
poses to give bis(trimethylsily1)hydrazino free radicals. These radicals dimerise 
on termination to form tetrakis(trimethylsily1)tetrazane (7). 

,SiMe3 
SiMe, 

- .P=N-N, 

1 Me3Si. . Sih4e3 x 2  Me3% - ,N-N-N-N. "-KH 
2 Me3Si I I . SiMe, Me+ 

H H  
(7) 

The 19F-NMR spectrum of (8) shows a peak at -38.0 ppm in D2O which corre- 
sponds to fluorine of the S03F group. The 31P-NMR spectrum shows resonance 
signal at 0.66 ppm in D2O which is characteristic of a tetracoordinated P(V)4*12 
compound. Infrared spectrum shows prominent bands (cm-') at 3300 and 3100 
v(N-H), 2410 v(P-H), 1255 v(P=N) and 1050 v(P-N). 

Reaction of CF3S03H with (1) yields a completely desilylated oxidative addi- 
tion product H2N-NH-P(H)(S03CF,)=N-NH2 (9) which is a white solid insoluble in 
benzene, ether, n-hexane, CHC13 but soluble in water, D20 and THE Its spectral 
data (Experimental) is similar to that of (8) and characteristic of a phosphorane. 

I', / Ii I f  / 
,W\ p - N  \ 

(1) + 5 CFSOsH - P H I1 / \ 
ri O S O ~ C F ~  

( 9 )  
The results indicate that in contrast to tetrasilatetrazene as a source of 

H2N-N=N-NH2, it is difficult to obtain the parent phosphapentazene 
H2N-NH-P=N-NH2 due to higher reactivity at the heteratom or the double bond 
involving the heteroatom -P=N-. 
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106 S.K. VASISHT and K. BANDHU 

EXPERIMENTAL 

All the investigations were carried out in the absence of air and moisture on a 
vacuum line connected to a dry nitrogen supply system. Pentasila-3-phos- 
pha-Zpentazene ' was prepared as reported in literature. NMR measurements 
were recorded on Varian EM 390 and Brucker FT NMR 300 MHz, IR spectra on 
Perkin Elmer 621 and mass spectra on GC Mass Spectrometer Model 705- 
250 + (VG). 'H-NMR of Me3Si protons, 6 (ppm) in benzene (Et*O/CCl&-hex- 
me): (Me3Si)~N4P, 0.28 d, 0.21, 0.43 (0.14d, 0.22, 0.34) 2:2:1; Me3SiOSiMe3 
0.11 (0.06). 

General procedure 

Pentasila-3-phospha-2-pentazene (1) (40 mmol, 18.0 g) dissolved in 50 ml of 
diethyletherh-hexane maintained at temperatures mentioned in each case and 
200 mmol of Me3COH, CF3COOH, FS03H and CF3S03H diluted with 
Et20/n-hexane were added dropwise. Reaction of (1) with an equivalent amount 
(40 mmol) of CF3COOH was also carried out. The reaction mixtures were 
allowed to come to room temperature slowly with stimng. The 'H-NMR spec- 
trum of a part of the filtrate was studied. The main filtrate was evacuated to 
remove solvent and other volatile compounds up to 60 tordroom temperature and 
the residue was characterised by 'H-NMR and other methods indicated in each 
case. These products were separated to isolate various compounds. The products 
were refractionatedrecrystallised to isolate pure fractions which were character- 
ised by the methods described subsequently in each case. The yield of pure major 
products is based on the amount isolated whereas that of unseparable mixtures or 
minor products is calculated from 'H-NMR integrated ratios after adding a 
known amount of cyclohexane or toluene. 

Prepuration of [ b i s ( r r i m e t h y l s i Z y l ) h y ~ r u z i n o ~ [ b i s ( t r i m e o n o ~  
(t-butoxy)phosphorane (2): Phosphapentazene (1) was reacted with t-butyl alco- 
hol in Et20 at room temperature. The reaction mixture became colourless with 
white solid at the bottom which was separated by filtration. The colourless fil- 
trate showed 'H-NMR signals at 6 0.20, 0.09 and 0.06. Evacuation of the reac- 
tion mixture removed siloxane, Me3SiOCMe3; the residue left behind was heated 
in vacuo to obtain a colourless distilled fraction (2) at 80°C/10-3 ton: It is soluble 
in common organic solvents. 
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NITROGEN COMPOUNDS 107 

Analysis 

Found: C, 41.20; H, 10.32; N, 12.34; P, 6.76. C16H4,N40PSi4 Calc.: C, 42.29; 
H, 10.35;N, 12.34;P,6.80%. 

'H-NMR in n-hexane G(ppm) 0.27 [s, 36H, 2(Me3Si)2N], 1.45 [s, 9H, 
Me3CO], 10.85 [d, ' J H - ~  = 612 Hz, IH, PHI. 

Mass spectrum (70 eV) (assignment, relative intensity %): 454 [(m)', 511, 453 
[(m-HI', 431, 49 [(m-Me)', 251, 437 [(m-OH)', 321, 425 [(m-C2H5)', 221, 381 
[(m-Me3CO)', 351,'205 [((Me3Si)2N2P)', 291, 177 [(Me3SiPOCMe3)', 201, 147 
[Me,SiOSiMe,)', 131, 116 [(MeSiOCMe3)', 191, 73 [(Me3CO)' or (Me3Si)', 
loo]. 

Preparation of Hydrazino-hydrazono(t-butoxylphosphorane (3): Zhe white 
solid obtained after filtration was found to be H2N-NH-P(H)(OCMe3)-N-NH2 
(3). It is insoluble in benzene, Et20, n-hexane but soluble in water and D20. 

Analysis 

Found: C, 2.31; H, 9.02; N, 32.72. C4Hl~N40P Calc.: C, 2.40; H, 9.04; N, 
33.73 %. 

Mass spectrum (70 eV) (assignment, relative intensity %): 166 [(m)', 271, 165 
[(m-H)', 131, 164 [(m-2H)', 111, 151 [(m-CH3)', 151, 150 [(m-NH2)', 271, 132 
[(m-2NH3)', 281, 93 [(m-OCMe3)', 9],73 [(Me3CO)', 75],57 [(Me3C)', 1001. 

Preparation of [tris(trimethylsilyl)hydrazino][bis(trimethylsilyl)hydra-zono] 
(trifZuoroacetato)phosphorane (4): Reaction of (1) with CF3COOH in equiva- 
lent amounts was carried out at 50°C. The 'H-NMR spectrum of the reaction 
mixture showed major resonances at 6 0.29, 0.21. Evacuation of the reaction 
mixture thoroughly at RT/ lo-' torr, left a light yellow residue. On heating in 
vacuo this distilled at 100°C/10-3 torr to provide (4). It is a colourless liquid mis -  
cible with common organic solvents. 

Analysis 

'H-NMR in Et2O or n-hexane: G(ppm) 0.33 [d, 4JH_p=0.6 Hz, 18H, 
(Me3Si)2N-N=l, 0.28 [s, 18H, (Me$W2N], 0.23 [s, 9H, Me3SiN), 10.95 [d, 
' JH.~  = 669 Hz, IH, PHI. 

29Si-NMR in C6D6 (TMS external standard): 8(ppm) 11.64 [s, 2Si, 
(Me$i),N-N=], 7.31 [s, 2Si, (Me3Si)2N], 4.10 [s, lSi, Me3SiNI. 

Mass spectrum (70 eV) (assignment, relative intensity %): 566 [(m)', 51, 547 
[(m-F)', 51, 532 [(m-MeF)', 111, 522 [(m-C02)+, 321, 497 ((m-CF3)', 601, 453 
[(m-CF3COO)', 621, 420 [(m-2Me3Si)', 551, 380 ((m-CF3COOSiMe3)', 741, 
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108 S.K. VASISHT and K. BANDHU 

191 (Me3SiN=PSiMe3)+, 186 [(Me3SiOOCF3)+, 521, 113 [(CF3COO)+, 171, 73 
[(Me3Si)+, 1001. 

Preparation of (trimethylsilylhydrazino)(trimethylsilylhydrazono)(tri~uoroac- 
etato)phosphorune (5): Reaction of (1) and CF3COOH in the stoichiometric 
ratio 1:5 was carried out at -50°C in n-hexane. The reaction mixture became col- 
ourless with white solid at the bottom which was isolated through filtration. The 
filtrate showed 'H-NMR signals at 6 0.29 and 0.23. The signal at 6 0.29 was due 
to CF3COOSiMe3. The mixture was evacuated at RT/lO-' torr; the residue 
obtained was heated in vacuo to get a colourless distilled fraction at 70°C/10-3 
torr which was found to be (5). It is a colourless liquid miscible with common 
organic solvents. 

Analysis 

Found: C, 27.40; H, 6.18; N, 15.98; P, 8.71; F, 16.20. CgH22N402PSi2Calc.: C ,  
27.42; H, 6.0; N, 16.00, P, 8.85; F, 16.28 %. 

'H-NMR in benzene (n-hexane): 6(ppm) 0.24 (0.30) [s, 18H, 2Me3SiN1, 6.8 
(6.8) [b, s, lH, HN], 10.4 (10.4) [b, s, lH, HN], 14.8 (14.8) [b, s, lH, HN], 10.8 
(10.8)[d, 'JH-p=594Hz,s, lH,PH]. 

I9F-NMR in n-hexane (freon external standard): 6 78.9. 
31P-NMR in C6D6 (H3Po4 external standard): 6 3.00. 
29Si-NMR in C6D6 (TMS external standard): 6 21.66 [s, 2Si, 2Me3SiNI. 
IR bands (cm-I): 3100 v(N-H), 2360 v(P-H), 1700 v(C=O), 1260 v(P=N), 

Mass spectrum (70 eV) (assignment, relative intensity %): 350 [(m)', 51, 316 
[(m-MeF)+, 81, 306 [(m-C02)+, 121, 281 [(m-CF3)+. 101, 195 
[(m-Me$iCF$O)+, 141, 155 [(Me2SiCF3CO)+, 611, 147 [(Me3SiOSiMe2)+, 
191, 127 [(Me2SiCF3)+, 18],97 [(CF3CO)', 15],73 [(Me3Si)+, 451. 

Preparation of 1,3-diamino-2, 4-dihydrazono-2, 4-bis(trijluoroacetato)-1,3, 
2,4-diazadiphosphetidine (6): The white solid obtained after filtration was found 
to be (6). It is insoluble in n-hexane, ether, CH2C12, CHC13, benzene and THF 
but soluble in water, D2O and methanol. 

1220 v(C-F). 1050 v(C-O), 920 v(C-F). 

Analysis 

Found: C, 11.66; H, 1.89; N, 27.40; F, 27.92. C4HgNgP#,@4 Calc.: c, 11.76; 
H, 1.96; N, 27.45; F, 27.94. 

IR bands (cm-I): 3250 and 3125 v(N-H), 1690 v(C=O), 1260 v(P=N), 1210 
v(C-F), 1060 v(C-O), 960 v(C-F). 
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NITROGEN COMPOUNDS 109 

Mass spectrum (70 eV) (assignment, relative intensity %): 408 [(m)', 151, 392 
[(m-NHz)+, 121, 370 [(m-F2)+, 341, 339 [(m-CF3)+, 551, 311 [(m-CF3CO)+, 451, 
294 [(m-CF3COOH)+, 3 11,214 [(m-2CF3CO)+, 651,205 [(m-H4N4PCF3COO)+ 
= (m')', 541, 177 [(m'-CO)+, 181, 136 [(m'-CF3)+, 17],69 [(CF,)', 1001. 

Preparation of tetrakis(trimethylsily1)tetrazane (7): (1) and FS03H were 
allowed to react in n-hexane at -50°C. The reaction mixture became colourless 
with a white solid at the bottom which was isolated by filtration and 'H-NMR 
showed resonance peaks at 6 0.32 and 0.15 d. The signal at 6 0.15 was found to 
be due to Me3SiF and the concentrated liquid left behind was heated in vacuo to 
obtain a colourless distilled fraction at 60"C/10-3 tom which was found to be (7). 
Compound (7) is a colourless liquid miscible with common organic solvents. 

Analysis 

Found: C, 41.10; H, 10.72; N, 15.75. C12H3,N4Si4 Calc.: C, 41.14; H, 10.85; 
N, 16.00 %. 

'H-NMR in n-hexane 6(ppm) 0.31 [s, 36H, 2(Me3Si)2N]. 
IR bands (cm-'): 855 v(Si,N), 450 v(Si-N). 
Mass spectrum (70 eV) (assignment, relative intensity %): 350 [(m)', 151, 349 

[(m-H)+, 201, 336 [(m-Me)+, 451, 320 [(m-2Me)+, 701, 277 [(m-Me3Si)+, 591, 
263 [(m-Me3SiN)+, 281,204 [(m-2Me3Si)+, 21 1, 174 [(Me3Si),N,+, 271. 

Preparation of Hydrazino-hydrazono-Cfluorosu1phato)phosphorane (8):The 
white solid obtained after filtration was characterised to be (8). It is insoluble in 
ether, n-hexane, benzene but soluble in water and D20. 

Analysis 

Found: H, 3.02; N, 28.06; F, 9.80. H6FN403PS Calc.: H, 3.12; N, 29.16; 
F, 9.89 %. 

Mass spectrum (70 eV) (assignment, relative intensity %): 192 [(m)', 15), 176 
((m-NH2)+, 111, 160 [(m-N2H4)+, 85),144 [(m-SO)+, 711, 128 ((m-S02)+, 731, 
112 [(m-S03)+, 251,90 [(m-S03F)+, 551,73 ((S02F)+, 1001. 

Preparation of Hydrazino-hydrazono(tr~uoromethanesulphato)-phospho- 
rune (9): Reaction of Phosphapentazene (1) with trifluoromethanesulfonic acid 
was carried out at -70°C. The reaction mixture became colourless at room tem- 
perature when some white precipitates started settling at the bottom. The reaction 
mixture was filtered to isolate white solid from the colourless filtrate which 
showed 'H-NMR resonance signal at 6 0.41 due to Me3SiS03CF3which was 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
4
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



I10 S.K. VASISHT and K. BANDHU 

removed in vacuo. The white solid obtained was washed with Et2O and n-hex- 
ane, dried in vacuo, and characterised to be (9). 

It is a white solid insoluble in benzene, Et20, n-hexane, chloroform but soluble 
in water, D20, THE 

Analysis 

Found: C, 4.95; H, 2.45; N, 22.10; F, 22.53. CH6F3N403PS Calc.: C, 4.95; 
H, 2.47; N, 23.14; F, 23.55 %. 

19F-NMR in D20  (freon external standard): 6 79.24. 
31P-NMR in D2O (H3P04 external standard): 610.17. 
R bands (cm-'): 3300 and 3150 v(N-H), 2410 v(P-H), 1250 v(P=N), 1050 

Mass spectrum (70 eV) (assignment, relative intensity %): 242 [(m)+, 91, 223 
[(m-F)+, 181, 210 [(m-N2H4)+, 111, 194 [(m-SO)', 251, 185 [(m-F3)+, 181, 178 
[(m-S02)+, 451, 162 ((m-S03)+, 31 1, 149 [(CF3S03)+, 31 J, 125 [(m-CF3SO)+, 

v(P-N). 

80],73 [(SO2)+, 1001. 
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