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ABSTRACT 

A series of stable irnino(cha1cogeno)phosphoranes 
R - P( = X) = NAr, R = Ph, 2, 4, 6-Me3C6H2, 2, 4, 
6-i-Pr3C6H,; Ar = 2, 4, 6-t-Bu3C6H2; X= s, Se (5b- 
d, 6b,c), has  been prepared by  the oxidation of A3- 
intino-phosphines R - P = N - Ar (4b-d) with sul- 
fur and seleniunt. When  P - (tert-buty1)inzinophos- 
phine,  t-Bu - P = N -  - Ar (4a), was  reacted with 
S8 and Se,,, the corresponding oligoiiteric metaphos- 
phoniniidates 7, 8 were obtained. All new compounds 
are characterized by their NMR spectra. The constitu- 
tion of the iniino(thioxo)phosphorane 5d is proved by 
X-ray crystal structure detennination. 

INTRODUCTION 
By analogy to the synthesis of other types of three- 
coordinate pentavalent phosphorus compounds, 
imino(chalcogeno)phosphoranes, R’ - P( = X) = 
NR2 (X = S, Se), may be obtained from low-coordi- 
nated phosphorus precursors by oxidation reactions. 
Thus, the first imino-(thioxo and se1enoxo)phospho- 
ranes 2a,b were prepared by action of sulfur or sele- 
nium on the aminoiminophosphine 1 [1,2]. 
Nevertheless, although a3A5-phosphoranes have com- 
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manded a fair amount of attention in the past 
decade, the number of stable compounds 
R1-P(=S or Se)=NR2 remains very limited 
[3,4]. Moreover, no crystal structure determinations 
of monomeric imino(cha1cogeno)phosphoranes are 
known. Although the monomeric nature of 2a in 
solutions was unequivocally characterized by means 
of NMR spectroscopy, this compound in the crystalline 
state was shown to adopt a dithiadiphosphetane struc- 
ture 3 [ 5 ] .  

We report here the synthesis of (2,4,6-tri-tert- 
butylpheny1imino)thioxo- and -selenoxo -&A5 -phos- 
phoranes starting from h3-imino phosphanes 
R - P = N - Ar, Ar = 2,4,6-t-Bu3C6H,. Since the 

,P=N ,Bu- t RIR~N- P dX 
R + R ~ N  N-B”- L 

1 2a , X = S 

2b,  x = se 

3 
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S, CSe,)  t x - - r l  - - [ t-Bu-PC =NAr >X In n t - B u -  P=N- A r  t-Bu - P 4  
+ N A ~  

4a 5a, X = S 

6a, X = Se 

AT = 2,4,6-t-B~ C H 3 6 2  

SCHEME 1 

7 , x = s  
8 ,  X = Se 

bulky 2,4, 6-tri-tevt-butylphenyl group effectively sta- 
bilizes structures with low-coordinated phosphorus 
atoms [4, 6-91, the higher kinetic stability of the 
compounds R - P( = S or Se) = NAr in compari- 
son with previously studied N-(ievt-buty1)-substituted 
phosphoranes R - P( = S or Se) = NBu-t [ 1, 2, 101 
might be expected. 

RESULTS AND DISCUSSION 
Treatment of P-(t-buty1)iminophosphine 4a with 1 
equivalent of sulfur or selenium in benzene at 20°C 
results in the quantitative formation of the addition 
products. The latter, in contrast to previously 
reported dA5-phosphoranes, are high-melting 
(> 1 90°C), air-stable amorphous yellow powders, 
practically insoluble in common organic solvents. 
The NMR chemical shifts of the phosphorus atoms 
in the products (6P ca. - 15 ppm) are markedly dif- 
ferent from those in the compounds 2a, b (6P = 
1 10-1 70 ppm) and fall in the region typical of 4-coor- 
dinate Pv compounds. Microanalysis data, however, 
are in good agreement with the compositions 
(C22H38NPS)n and (C22H38NPSe),. Heating the reac- 
tion products of 4a with S8 and Sen in aprotic sol- 
vents such as toluene from 20°C to 110°C leads to 
gradual passing of the solid into solution and appear- 

ance of the yellow-orange coloration. On increasing 
the temperature, the 31P NMR signal of the starting 
material disappears, while a new one grows in the 
region (6P = 200-210) expected for dA5-phospho- 
ranes. This phenomenon is reversible; a return to 
room temperature completely restores the initial 
spectrum. The foregoing data can be explained 
assuming that the products formed by the reaction of 
4a with sulfur and selenium are oligomers which, at 
higher temperatures, dissociate into monomeric 
dA5-phosphoranes (Scheme 1) [7]. 

In contrast to 4a, P-a 1-substituted iminophos- 

nium to give the monomeric compounds 5b-d and 
6b,c (Scheme 2). The new imino (chalcogeno) hos- 

and moisture-sensitive yellow crystalline solids read- 
ily soluble even in nonpolar organic solvents. In the 
31P NMR spectra they show a signal in the expected 
lowfield re ion (SP = 155-162); the coupling con- 
stants withq7& (6b, 964 Hz; 6c, 927 Hz) are usual 
for a double bond between phos horus and selenium 
[ l l ]  and comparable to that o \ served for 6a (916 
Hz), formed via dissociation. Imino(cha1co eno) 
phosphoranes 5b-d and 6b,c are complete1 sta % le in 
an ar on atmosphere and can be storec?for long 

The $A5-phosphorane structure 5d has been 
established by a single crystal X-ray diffraction study 

phines 4b-d react with e 7 emental sulfur and sele- 

phoranes were isolated in good yields as high P y air- 

perio Cf s (Table 1). 

FIGURE 1 Crystal structure of the imino(thioxo)phosphorane 5d showing the atom numbering scheme. 
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Sen 9 R- P //x 
A r  S, or 

R- P=N/  
N A ~  

4b -d 5b-d, X = S 

6b,c ,  X = Se 

R = Ph (b), 2,4,6-Me3CgH2 ( c ) ,  2,4,6-i-Pr3CgH2 ( d )  

Ar = 2,4,b-t-Bu C H 3 6 2  

SCHEME 2 

(Figure 1 and Table 2). The PSNC (1)C(19) unit is pla- 
nar-the atom deviations from the least-squares 
plane don't exceed 0.020(2) A. Due to the steric condi- 
tions C(l-6) and (C19-24) phenyl rin s are ortho o- 

being 88.24(7) and 89.66(7)". Between these rings, the 
dihedral angle is 13.2(1)". Atom P has a planar bond 
configuration-the bond angles sum is 360.0(2)". It is 
noteworth that the SPN bond angle 131.26(6)" is 
essentially farger than those of SPC( 19) and NPC( 19). 
These results are in good agreement with quantum 
chemical calculations on the model systems 
X - P( = NH)2, X =  H, F C1, Me, NH SiH3 [12, 
131, and X - P( = S) , ,  X = C1 [ 141. The bond angle 
between double bonds is a feature of the a3A5-phos- 
phoranes molecular structure [ 15-1 71 and obviously 
is connected with peculiarities of the three-center 
four electgon x-system. The P = S  bond in 5d 
(1.9 1 O( 1) A) is much shorter than the single g - S 
bond in the dimer 3 (2.160(1) and 2.128(1)A) 151, 
whereas the P = N  bond lengths in these two 
molecules coipcide within the error limits (1.530(1) 
and 1.529(2) A respective1 ). The C( 1) - N = P - 

corresponding torsion angle being 177.3(2)"). The 
bond lengths and bond angles distribution observed 
for this roup is usual for &A5-iminophosphoranes 
[9,18]. TE e geometry of the C( 1-6) and C( 19-24) ben- 

nal to this plane, the corresponding jihedral ang K es 

C( 19) fragment in 5d has t rl e t~u~wconfiguration (the 

zene rings is unexceptional for the t-Bu3C6H2- and i- 
Pr3C6H2-substituents [ 191. 

The identity of imino(cha1cogeno)phosphoranes 
5 and 6 was also corroborated by their chemical 
behavior (Scheme 3). The compounds 5b-d react in 
refluxing benezene with hexaethylphosphorus tri- 
amide to afford quantitatively the A3-iminophos- 
phines 4b-d and thio-phosphoryl triamide, 
(Et2N),PS, characterized in solution by their NMR 
data. An analogous reaction with formation of 4a 
and (Et,N),P was observed when the oligomer 7 was 
treated with (Et2N),P. Methanol adds quantitatively 
across the P = N double bond of 5b-d and 6b,c to 
form, respectivly, phosphonothioates 10 or phospho- 
noselenoates 11. Oligomers 7 and 8 behave in a simi- 
lar manner; however, their reactivity strongly 
depends on the temperature. Thus, the reactions 
between 7, 8 and protic reagents (methanol, piperi- 
dine) at room temperature take place very slowly. 
However, at higher temperatures ( >80"C), reactions 
are completed within 1 hr. The conversions proceed 
probably via 5a, 6a. Analytical data of the reaction 
products are given in Table 3. 

In conclusion, it should be noted that the ability 
of the air- and moisture-stable oli omers 7 and 8 to 
dissociate into monomers at hig a er temperatures 

TABLE 1 N-(2, 4,6-Tri-tert-butylphenylimino)thioxo- and -selenoxophosphoranes /5b-d, 6b,c/ 

Found (%) 
Compound Yield mP ec, 31P NMR Formula calculated) 

5b PH 53 185-1 a7 158 C24H34NPS 72.12 8.51 7.52 

5c MesC 72 197-1 97 1 62 C27H40N ps 73.63 9.23 7.90 
(73.40 9.10 7.70) 

5d Tip" 60 151-153 163 C33H52NPB 75.20 9.78 5.91 
(75.34 9.97 5.88) 

6b Ph 59 181-185 161d C24H40NPSe 64.78 7.70 6.89 
(66.41 8.25 6.34) 

6c Mes 85 151-1 52 1 56e C27H4oNPS3 66.63 8.23 6.48 
(66.41 8.25 6.34) 

R (0 4 PPm C H P 

(72.1 4 8.58 7.75) 

Yields refer to purified products. 
M, Cryoscopy in CeHe, measured (calculated): 5b, 392 (399.5); 5c, 435 (441.7); 5d, 51 2 (525.9); 6b 431 (446.5); 6c, 480 (488.6). 
Mes = 2,4, 6-Me3CeH,, Tip = 2,4, 6-i-Pr3CeH2. 
1 J(PSe) = 964 Hz. 
1 J(PSe) = 927 Hz. 
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TABLE 2 Important Bond Lengths (A) and Angles (degrees) 

P - s  

P-N 

P-C(19) 

N - C(l) 

C(1)- N - P - C(19) 

C(1)- N - P - S 

1.9098(6) 

1.530(1) 

1.81 5(2) 

1.435(2) 

177.3(2) 

-2.5(2) 

S-P-N 

s - P - C(19) 

N - P- C(19) 

P - N - C(l) 

131.26(6) 

11 5.86(6) 

112.89(7) 

132.2(1) 

renders them suitable for the reparative ap lication 
as masked forms of imino(ca P cogeno)phosp K oranes. 

EXPERIMENTAL 
All manipulations were carried out under a purified 
Ar atmosphere. Solvents were dried over CaH, (ben- 
zene, toluene) or sodium-benzophenone ketyl 
(ethers) and distilled under argon before use. Known 
methods were used for the preparation of the A3- 
iminophosphines 4a-c [6]. 

'H NMR spectra were performed on a Gemini- 
200 spectrometer. 31P NMR spectra were recorded at 
80 MHz with a Bruker WP-200 spectrometer using 
85% H3P04 as an external reference. Infared spectra 
were obtained on a Specord M80 instrument. 

X-ray Structural Analysis of the 
Imino(thioxo)phosphorane 5d 
Crystal data: C33H52NPS, M = 525.8, monocli$c, a = 
18.409(9), b = 17.625(7), c = 20.487(4) A, /3 = 

94.18(3)", V = 6629.5A3, Z = 8, d, = 1.05 g/cm3, space- 
group C2/c (N 15), p = 1.6 cm-', F(000) = 2304. 

Crystallographic measurements were made at 
18°C using the Enraf Nonius CAD-4 diffractometer 
operating in the 0-28 scan mode (the ratio of the 
scanning rates w/O = 1.2). The intensity data were col- 
lected within the range 15 0 5 24" using graphite 
monochromated Mo-Ka radiation (1 = 0.71073 A). 
Intensities of 5230 unique relections were measured. 
The structure was solved by direct methods and 
refined by full-matrix least squares with the weight- 
ing scheme w = l/u2(F,). In the refinement, 3494 
reflections with I > 4~ were used. About 70% of the 
hydrogen atoms were located in the difference 
Fourier maps, the positions of the remaining atoms 
were calculated. All H atoms were included in the 
final refinFment with the fived positional and thermal 
(Biso = 5 A2) parameters. Convergence was obtained 
at R = 0.043 and R, = 0.060. Corrections for Lorentz 
and polarization effects, but not for absorption, were 
applied. The calculations were performed using the 
SDP-PLUS program. Atomic coordinates are listed in 
Table 4. All crystal data are deposited at the 
Cambridge Crystallographic Data Centre [20]. 

TABLE 3 Phosphonothioates /9a, 10a-d/ and Phosphonoselenoates I1 l a 4  Prepared 

Found (%) 
Formula calculated) 

H P 
Compound Yield" mP PC) 

R (%) C 

9a t-BU 72 137-1 40 C27H49N2PS 69.80 10.67 6.68 
169.78 10.63 6.66) 

1 Oa t-BU 66 120-1 22 C23H42NOPS 67.21 10.19 7.54 
(67.1 1 10.28 7.52) 

10b Ph 76 91-93 C25HSNOPS 69.43 8.93 7.03 
(69.57 8.87 7.1 7) 

1OC Mesb 70 119-121 C28H44NOPS 70.50 9.32 6.66 
(70.39 9.36 6.54) 

1Od Tipb 75 110-1 12 C34HsNOPS 73.18 10.11' 5.63' 

l l a  t-BU 70 97-1 090 C23H42NOPSe 60.51 9.32 6.63 
(60.25 9.23 6.75) 

l l b  Ph 72 84-86 C25HmNOPSe 62.70 8.06 6.35) 
(62.75 8.00 6.47) 

l l c  Mes 56 114-116 CZSHUNOPSe 64.51 8.41 5.97 
(64.61 8.52 5.95) 

(73.20 10.12 5.55) 

a Yields of isolated pure products. Unoptimized. 
Mes = 2,4, 6-ME3CeH2, Tip = 2,4, 6-i-Pr3CeH2. 
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A r  
> / 

C E t z N  >aP 
R- P=N 1 -CEt,N>,PS 

HNAr 1 NAr 

5a-d, X = S 
6a-c, X = Se 

9a 

X 
II 
I 

HNAr 

R- P--OM0 
1 MeOH , 

loa-d, X = S, 

l l a - c ,  X = Se 

R = t-Bu (a), Ph (b), 2,4,6-Me3C6H2 ( c ) ,  2,4,6-i-Pr3C6H2 ( d )  

SCHEME 3 

Preparation of P- (2,4,6-Tri-isopropvlpheny1)-N- 
(2, 4,6-tri-tert-butylphenyl)irninophosphine (44  
To a stirred solution of 2,4,6-tri-isopropylphenyl- 
dichlorophosphine (8.3 g, 27 mmol) in a mixture of 
diethyl ether (25 mL) and THF (75 mL) at - 78°C was 
added dropwise lithium N-trimethylsilyl-N-(2, 4,6-tri- 
tert-butylpheny1)amide (27 mmol; prepared from 
ArNHSiMe3 in 60 mL THF and 13.5 mL of a 2.0 M 
solution of BuLi in hexane). The solution was slowly 
warmed to r.t. and stirred for 8 hr. Then the mixture 
was filtered, the filtrate was evaporated under 
reduced pressure, and hexane (1 50 mL) was added. 
Filtration, followed by solvent removal, and recrystal- 
lization of the residue form hexane afforded N- 
trimethylsilyl- N - (2,4,6 - tri - t- butylpheny1)- amino 
(chloro)-2,4,6-tri-isopropylphenylphosphine as a col- 
orless crystalline solid. Yield 8.8 g (54%), mp 

2.2 Hz, 9H, Me,Si); 0.98 ( s ,  9H, o-(t-Bu)); 1.05 (d, 3JHH 
115-1 17°C. 'H NMR (CDC13/TMS): S = 0.49 (d, 4JpH 

6 Hz, 6H, p-(CH3)2CH); 1.17 (d, 3JHH ~ H z ,  12H, O- 
(CH&CH); 1.24 (s, 9H, o-(t-Bu)); 1.66 (s, 9H, p-(t- 
Bu)); 2.85 (m, lH, o-(CH3),CH); 4.15 m, 'H, p- 
(CH3),CH); 6.85 (d, 2JpH 0.6 Hz, 2H, C6H2); 7.55 (d, 

Anal. Calc. for C33H55C1NPSi: C 71.78; H 10.21; P 
5.14; Si 4.66. Found: C 71.93; H 10.23; P 5.13; Si 4.81. 
The product was then dissolved in toluene (80 mL) 
and the solution was refluxed for 1 hr. After removal 
of the solvent and Me3SiC1 under reduced pressure, 
the iminophosphane 4d remained as viscous, dark 
blue liquid of good purity. Yield 7.2 g (53%). 'H NMR 

'JHH 1.2 Hz, 2H C6H2). 31P NMR (in C6H6): 6 = 132. 

(C$$TMS): 6~1.18 (d, 3Jm 6.7 Hz, 6H, p-(CH,),CH); 

1.30 (d, 3 J ~ ~  6.5 Hz, 12H, o-(CH,),CH); 1.42 ( s ,  9H, p- 
(t-Bu)); 1.53 ( s ,  18H, o-t-Bu)): 2.73 (m, 'H, p- 
(CH,),CH); 4.61 (m, 2H, o-(CH,),CH); 7.20 (s, 2H, 

Anal. Calc. for C33H52NP: C 80.27; H 10.62; P6.27. 
Found: C 80.35, H 10.55, P 6.35. 

C6H2); 7.62 ( S ,  2H, C6H2). 31P NMR (C6H6): 6 = 465. 

Reaction of Iminophosphine 4a with Sulfur and 
Selenium 

To a red-violet solution of iminophosphine 4a (3.47 
g, 10 mmol) in 15 mL benzene was added, at room 
temperature, an equivalent of sulfur (0.32 g, 10 
mmol). The reaction mixture becomes yellow after 
48 hr  of stirring and the product precipitates as an 
amorphous, yellow solid. Filtration and drying in 
vucuo gave pure 7. Yield 2.71 g (71%), mp 216-220°C 
(dec.). IR (KBr): 1592 (m), 1476 (m), 1456 (m), 1424 
(vs), 1392 (m), 1358 ( s ) ,  1316 (vs) 1270, 1240, 1224, 
1204, 1184, 1128 (m), 1056,936,880, 808,788,718, 
676 (s), 644, 614 ( s ) ,  658 (m), 516 (m), 500,456 (m), 
500,456 (m) cm-l. 31P NMR (C6H6): S = - 11. Anal. 
Calc. for (C22H3,NPS),: C 69.61; H 10.09; P 8.16. 
Found: C 69.80; H 9.78; P 8.17. 

Similarly, the reaction of 4a with selenium leads 
to the formation of 8. Yield 80%, mp 193-198°C 
(dec.). IR (KBr): 2970 (vs), 2912 (m) 2878 (m), 1480 
(m), 1430 (s), 1398, 1365, 1310 (vs), 1246, 1185, 
1130, 1060, 883, 775, 682, 680, 610, 510, (m), 455 
cm-'. 31P NMR (C6H6): 6 = -18 Anal. Calc. for 
(C2,H3*NPSe),: C 61.95; H 8.98; P 7.26. Found: C 
62.92; H 8.72; P 8.17. 
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TABLE 4 Coordinates of non-hydrogen atoms and their equivalent isotropic temperature factors B, (A? in structure 5d 

A tom X Y Z 6 
0.1 8005(4) 
0.1 7946(3) 
0.241 67(9) 
0.3193(1) 
0.3600(1) 
0.4349(1) 
0.4724(1) 
0.431 6(1) 
0.3568(1) 
0.3261 (1) 
0.2872(2) 
0.3846(2) 
0.2762(2) 
0.5558(1) 
0.5848(2) 
0.5790(2) 
0.5893(2) 
0.31 88(1) 
0.2768(1) 
0.3755(2) 
0.2705(1) 
0.0905(1) 
0.051 3(1) 

-0.0522(1) 
-0.01 17(1) 
0.0590(1) 
0.081 9(1) 
0.0 740 (2) 
0.0490(2) 

-0.1 302(2) 
-0.1 788(2) 
-0.1 606(2) 
0.0969(1) 
0.0921 (2) 
0.0680(2) 

-0.0199(1) 

0.42320(4) 
0.43008(3) 
0.4379(1) 
0.4398(1) 
0.3714(1) 
0.3755(1) 
0.441 8(2) 
0.5082(1) 
0.5101(1) 
0.2931 (1) 
0.2620(2) 
0.2337(2) 
0.2974(2) 
0.4433 (2) 
0.3713(3) 
0.5019(3) 
0.4623(4) 
0.5889(1) 
0.6046(2) 
0.6531(2) 
0.5938(2) 
0.4268(1) 
0.4945(1) 
0.4891 (2) 
0.4205(2) 
0.3550(2) 
0.3559(1) 
0.5707(1) 
0.6305(2) 
0.5979(2) 
0.4120(2) 
0.3825(2) 
0.4815(3) 
0.2815(2) 
0.2269(2) 
0.2437(2) 

0.48904(3) 
0.58204(3) 
0.63536(9) 
0.6327(1) 
0.6403(1) 
0.6355(1) 
0.6257(1) 
0.6243(1) 
0.6288(1) 
0.6535(1) 
0.5909(2) 
0.6753(2) 
0.71 09(2) 
0.6222(1) 
0.601 6(3) 
0.5751 (2) 
0.6875(2) 
0.6297(1) 
0.5648(1) 
0.6423(2) 
0.6874(1) 
0.61 46(1) 
0.6204(1) 
0.6399(1) 
0.6532(1) 
0.6466(1) 
0.6270(1) 
0.6036(1) 
0.6567(2) 
0.5376(2) 
0.6731 (2) 
0.61 59(2) 
0.7014(2) 
0.61 76(1) 
0.6750(2) 
0.5539(2) 

4.75(2) 
2.97(1) 
3.09(4) 
3.01 (5) 
3.51 (5) 
3.87(5) 
3.80(5) 
3.84(5) 
3.27(5) 
4.52(6) 
5.26(7) 
7.61 (9) 
5.15(6) 
4.79(6) 

16.0(2) 
1 1.2(1) 
14.9(2) 
3.92(5) 
4.82(6) 
6.48(8) 
4.70(6) 
3.44(5)] 

4.73(6) 
4.98(7) 
4.97(6) 
4.05(6) 
4.41 (6) 
6.64(8) 
6.54(8) 
6.76(9) 
7.1 7(9) 
9.4(1) 
4.72(6) 
6.64(8) 
6.32(8) 

3.75(5) 

Synthesis of Imino (chalco eno)phosphoranes 

To a suspension of sulfur or selenium (1 0 mmol) in 
10 mL of benzene was added at room temperature a 
solution of iminophosphine 4b-d (10 mmol) in 10 
mL of benzene. The initially blue solution turned 
yellow after 48 h r  of stirring. Benzene was evapo- 
rated in vacuo and the residue crystallized from 
benzene to afford yellow crystals identified as 5b-d, 
6b,c (Table 1). 

Bu)), 1.62 ( s ,  18H, o-(t-Bu)), 6.84-7.00 (m, 5H, C6HS), 

(t-Bu)), 1.69 ( s ,  18H, o-(t-Bu)), 1.94 (s, 3H, p-Me), 
2.73 (d, 4JpH = 2.0 Hz, 6H, o-Me), 6.63 (d, 4JpH = 6.1 

5b-d, 6b,c. General Proc eLf w e  

'H NMR (C6D6, 200 MHz): 5b: 6 1.36 (s ,  9H, p-(t- 

7.61 (d, 'JHH = 2.9 Hz, 2H, C6H2); 5c: 6 1.36 ( s ,  9H, p- 

Hz, 2H, CbH,), 7.63 (d, 'JPH = 3.1 Hz, 2H, C6H2); 5 d  6 
1.13 (d, 3Jm = 7.0 Hz, 6H, p-CH(CH,)z), 1.35 (d, 3 J ~ ~  
= 7.0 Hz, 12H, O-CH(CH3)2), 1.37 (s, 9H, p-(t-Bu)), 
1.72 (S, 18H, o-(t-Bu)), 2.43 (m, 3 J ~ ~  = 7.0 HZ, 1H p- 
CH(CHJ2), 4.27 (m, 3 J ~ ~  7.0 HZ, 4 J p ~  2.4 HZ, 2H, 0- 

CH(CHJJ, 7.10 ( s ,  2H, C6H2), 7.68 ( s ,  2H C6H2); 6b: 
6 1.30 ( S  9H, p-(t-Bu)), 1.62 ( s ,  18H, o-(t-Bu)), 
6.90-7.06 (m, 5H, C6H5), 7.62 (d, 'JPH = 3.2 Hz, 
C&); 6c: 6 1.36 ( s ,  9H, p-(t-Bu)), 1.95 (s, 3H, p-Me), 

Me), 6.53 (d, 4JpH = 6.1 Hz, 2H, C6H2), 7.65 (d, 5 J p ~  
3.2 Hz, 2H, C6H2). The 31P NMR data are listed in 
Table 1. 

2.70 ( s ,  18H, o-(t-Bu)), 2.75 (d, 4 J p ~  = 1.7 Hz, 6H, O- 

Action o Hexaethylphosphorus Triamide on 

A mixture of imino(thioxo)phosphorane 5b-d or  
oligomer 7 (10 mmol and (Et2N)3P (10 mmol) was 
refluxed in 20 mL of dry toluene for 1 hr. The initially 
colorless solution turned dark blue after 20 min. of 
refluxing. After evaporation of all volatiles in vacuo a 
blue, oily residue remained, which was shown to 
consist of a mixture of 4a-d and (Et2N),PS by means 
of NMR spectroscopy. 31P NMR (C6D6): S = 490 (4a); 

Imiizo(t x ioxo)phosphoranes 



(2,4,6-Tri-tert-butyIphenylimino)thioxo- and -selenoxophoranes 187 

415 (4b); 456 (4c); 465 (4d). (Et2N)3PS: 'H NMR 
(CD2C12/TMS: 6 = 1.10 (t, 3 J ~ ~  6.9 Hz, 3H, Me); 3.10 
(m, 3 J ~ ~  6.9 Hz, 3 J p ~  11.4 Hz, 2H, CH2); 31P NMR 
(C6D6): 6 = 78. 

Reactions of Imino (cha1cogeiio)phosphoranes 5, 
6 with Methanol and Piperidine. General 
Procedure 
Methanol (0.35 g, 11 mmol) or piperidine (0.94 g, 11 
mmol) was added from a syringe to a solution of 5b- 
d (1 0 mmol) in benzene (1 5 mL at 0°C. After the solu- 
tion had been stirred for 5 hr at room temperature, 
volatiles were evaporated in vucuo. Recrystallization 
of the residue from methanol gave analytically pure 
product (Table 3). In the case when oligomers 7 and 
8 were used as a source of dh5-phosphorane, the 
reaction mixture was refluxed in benzene for 1 h. 

9a: 'H NMR (CDC13): 6 1.1-1.25 (m, 10H CH2), 
1.17 (d, 3 J p ~  = 16.2 Hz, 9H, t-BuP), 1.29 ( s ,  9H, p-(t- 
Bu)), 1.62 (s, 18H, o-(t-Bu)), 4.39 (d, 'JpH = 8.1 Hz, 

10a: 'H  NMR (C6D6): 6 1.28 (S, 9H, p-(t-Bu)), 
1.31 (d, 3 J p ~  = 17.1 Hz, 9H, t-BuP), 1.248 (s, 18H O-t- 

10.0 Hz, lH,  NH), 7.25 (s, 2H, C6H2). 31P NMR 
(C6H6) 6 98. 

1.31 (s, 18H, o-(t-Bu)), 3.37 (d, 3 J p ~  = 13.2 Hz, 3H, 

1H, NH), 7.33 (s, 2H, C6H2). 31P NMR (C6H6) 6 91. 

Bu)), 3.46 (d, 3JpH = 13. Hz 3H, MeO), 4.72 (d, 'JpH = 

lob: 'H NMR (C6D6): 6 1.26 (s, 9H, p-(t-Bu)), 

MeO), 4.81 (d, *JpH = 10.0 Hz, lH,  NH), 7.1 1-7.28 (m, 
5H, C6H5), 7.42 (S, 2H, C6H2). 31P NMR (C6H6) 6 79. 

1.54 (s, 18H, o-(t-Bu)), 1.99 (s, 3H, p-Me), 3.04 (d, 
3JpH = 13.9 Hz, 3H, MeO), 6.67 (d, 4JpH = 9.6 Hz, 2H, 

1OC: 'H NMR (C6D6): 6 1.30 (S,  9H, p-(t-Bu)), 

C6H2), 7.47 (d, 'JpH = 4.8 Hz, 2H, C6H2). 31P NMR 
(C6H6) 6 8 1.  

10d: ' H  NMR (C6D6): 6 1.25 (d, 3JHH = 7.0 Hz, 
12H, o-CH(CHJ2) 1.27 (d, 3 J ~ ~  = 7.0 Hz, 6H, p- 
CH(CH,),), 1.30 (s, 9H, p-(t-Bu)) 1.40 (s, 18H, o-(t- 
BU)), 2.89 (m, 3 J ~ ~  = 7.0 Hz, 1H, p-CH(CH3)2) 3.25 

2H, o-CH(CH~)~,  7.09 (s, 2H, C6H2), 7.33 (s, 2H, 
C6H2). 31P NMR (C&) 8 78. 

1la: 'H NMR (C6D6): 6 1.17 (d, 3 J p ~  = 17.3 Hz, t- 
BuP), 1.28 (s, 9H, p-(t-Bu)), 1.57 (s, 18H, o-(t-Bu)), 

31P NMR (C6H6) 6 105, 'JpSe = 830 Hz. 

1.52 (s, 18H o-(t-Bu)), 3.31 (d, 3JpH = 14.7 Hz, 3H, 

31P NMR (C6H6) 6 105, 'Jps ,  = 842 Hz. 

(d, 3JpH = 14.8 Hz, 3H, MeO), 4.39 (m, 3JHH = 7.0 Hz, 

3.31 (d, 3JpH = 13.8 Hz, 3H, MeO), 7.45 (s, 2H, C6H2). 

llb: 'H NMR (C6D6): S 1.27 (s, 9H, p-(t-Bu)), 

MeO), 6.82-6.94 (m, 5H, C6HS), 7.42 (s, 2H, C6H2). 

1 IC: 'H NMR (C6D.5); 6 1.28 (s, 9H, p-(t-Bu)), 
1.53 (s, 18H, p-(t-Bu)), 1.99 (s, 3H, p-Me), 2.64 (s, 6H, 
o-Me), 2.95 (d, 3JI,H = 14.5 Hz, 3H, MeO), 6.65 (d, 

4 J p ~  = 5.1 Hz, 2H, CbHz), 7.42 (s, 2H, C6H2). 31P NMR 
(C6H6) 6 80, ' J p s  = 816 HZ. 
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