
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 29 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Phosphorus, Sulfur, and Silicon and the Related Elements
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713618290

Reactions Between Aminophosphinyl-Substituted Sulfur Diimides and
Amino-Imino-Thiophosphoranes. Cycloaddition or Exchange
Bernd Wrackmeyera; Christian Köhlera; Wolfgang Miliusa; Max Herberholda

a Laboratorium für Anorganische Chemie, Universität Bayreuth, Bayreuth, Germany

To cite this Article Wrackmeyer, Bernd , Köhler, Christian , Milius, Wolfgang and Herberhold, Max(1994) 'Reactions
Between Aminophosphinyl-Substituted Sulfur Diimides and Amino-Imino-Thiophosphoranes. Cycloaddition or
Exchange', Phosphorus, Sulfur, and Silicon and the Related Elements, 89: 1, 151 — 162
To link to this Article: DOI: 10.1080/10426509408020444
URL: http://dx.doi.org/10.1080/10426509408020444

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509408020444
http://www.informaworld.com/terms-and-conditions-of-access.pdf


Phosphorus, Sulfur, and Silicon, 1994. Vol. 89. pp. 151- 162 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1994 Gordon and Breach Science Publishers S A  
Printed in the United States of Amcrica 

REACTIONS BETWEEN AMINOPHOSPHINYL- 
SUBSTITUTED SULFUR DIIMIDES AND 

CYCLOADDITION OR EXCHANGE 
AMINO-IMINO-THIOPHOSPHORANES. 

BERND WRACKMEYER,* CHRISTIAN KOHLER, WOLFGANG MILIUS 
and MAX HERBERHOLD* 

Laboratorium fur Anorganische Chemie, Universitat Bayreuth, 
0-95440 Bayreuth, Germany 

(Received February 3, 1994; in final form March 21, 1994) 

Reactions between N,N'-di-tert-butyl sulfur diimide, 'Bu(NSN)'Bu ( I ) ,  and the amino-imino-thio- 
phosphoranes Me,Si(R)NP(S)=N'Bu [R = 'Bu (6a), SiMe, (6b)l afforded the 1,2,4,3-thiadiazaphos- 
phetidines 7a,b via [2 + 2]cycloaddition. The corresponding products 8a.b were obtained when one 'Bu 
group in 1 was replaced by a 2 4  1,3-di-tert-butyl-1,3.2-diazaphosphoridinyl) group (2). In contrast, the 
reactions between 6a and the three different 2-( 1,3-di-tert-butyl-l,3,2-diazaphospholidinyl)-substituted 
sulfur diimides [CH,(N'Bu)],P(NSN)R' [R1 = 'Bu (3), Me,Si (4), [CH,(N'Bu)],P (5)] gave the same 
phosphorus compound 9 which was identified as a zwitterionic bicyclic amino-imino-thiophosphorane. 
Exchange between imino groups at phosphorus and sulfur is the first step in this reaction, followed by 
1.3-shifts of Me,Si and phosphinyl groups and the final intramolecular N-P coordinative stabilization. 
The products were characterized by multinuclear NMR ('H-, I T - ,  I5N-, *'Si- and "P NMR). The 
molecular structures of the cycloadduct 8a and the zwitterionic compound 9 were determined by single 
crystal X-ray analyses. In solution, NMR spectra show that 8a is present as a single isomer in solution, 
whereas NMR spectra of 9 at 218 K indicate the presence of two isomers (86:14). 

Key words: Sulfur diimides; aminoimino-thiophosphoranes; [2 + 2]cycloaddition; multinuclear NMR; 
X-ray analyses. 

INTRODUCTION 

The NSN cumulene system in sulfur diimides (1-5) is a versatile building block in 
synthesis.' It may function as a Lewis base,z it is reactive in cycloadditions,3 and 
it undergoes exchange reactions4 as well as various redox p roce~ses .~  The synthetic 
potential of sulfur diimides can be further enhanced if functional groups are intro- 
duced at one or both nitrogen atoms. In this context we have recently succeeded 
in preparing aminophosphinyl-substituted sulfur diimides6 of which the derivatives 
2 and 3 are included in this work. In the course of studying reactions of sulfur 
diimides with unsaturated substrates, we report here o n  the reactions with amino- 
imino-thiophosphoranes 6 .  It had been found previously' that 1 reacts with 6a to  
give a l(dh4),2,4,3(dh')-thiadiazaphosphetidine system 7a via [2 + 2lcycloaddition 
[Equation (I)] .  We have repeated this reaction in order to collect a more complete 
set of NMR data. 
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152 B .  WRACKMEYER er al. 

Furthermore we have investigated the reactivity of the bis(amin0)phosphinyl sub- 
stituted sulfur diimides 2-5 towards 6. This should provide information about the 
preferred site of the [2 + 2lcycloaddition. On the other hand, it was conceivable 
that the presence of a phosphinyl group as in 2-5 could alter the entire course of 
the reaction with 6. 

tBu tBu 
I 

C“)P(NSN)tBu ($P (NSN) Rl  Me,Si(Rz)N-P(S)=NtBu 

tkU Rz tBu, SiMe, 
6 a, b 43” 

2 3, 4, 5 
R1 = tBu, SiMe,, PlN(tBu)CHz12 

RESULTS AND DISCUSSION 

Cy cloadditions 

The sulfur diimide 1 reacts smoothly with 6a, as reported,’ and also with 6b to give 
the heterocycles 7a (R2 = ‘Bu) and 7b (R2 = SiMe,), respectively. In the case of 
the sulfur diimide 2, the [2 + 2lcycloaddition products 8a,b are obtained [Equation 
(2)]. Apparently, 2 offers selectively the !3=NtBu site for the [2+ 2]cycloaddition. 
In each case of 7 and 8, only one of two possible isomers is formed. 

tBu 
I 

c > P  (NSN) t B ~  t Me,Si( R 9  N - P(S)= NtBu 

2 6 a, b 
- 

Rz = tBu, SiMe, 
$U 

1 
tBu 

(2) 

8 a  b 
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SULFUR DIIMIDES 153 

- 

The structure of the products 7 and 8 in solution follows from a consistent set 
of 13C-, 15N-, *%i- and 31P NMR data (Table I). The 15N NMR spectra are partic- 
ularly informative in this respect, as shown in Figure 1. 

6.5 E.2l 

X-ray Structure Analysis of 8a 

Recrystallization of 8a from hexane gave crystals suitable for an X-ray crystal 
structure analysis. Experimental data are given in Table 11, and Table I11 lists 
atomic coordinates and anisotropic displacement coefficients. The molecular struc- 
ture of 8a is shown in Figure 2, and selected bond lengths and bond angles are 
given in Table IV. The rhomboidal four-membered ring is non-planar (folding 

TABLE I 
I T - ,  I5N-, '"Si- and "P NMR datal"] of the [2+2]cycloaddition compounds 7 

and 8 

U .31 

P c  rnl 
Na%u 

Nb teu 

NC h u  

Nd%u 

Nd CHI 

Nd CCHZ 

N'SiMq 

Na SiMe, 

6% rnl 
N O  

Nb 

N C  

Nd 

6 ?si 

6nP 

11.11 
- 306.8 

70 I 7 b  1 8 0  

61.0, 33.9 61.1, 33.9 
L6.81, 14.91 17.11, 14.91 
56.7, 30.5 56.7, 30.3 56.7, 30.5 
1<0.51, 13.91 11.11, 14.41 1< 0.51, 14.4; 0.8 - - 57.5, 32.7 

- - 55.4, 30.4 

- - 38.9 L4.41 

1< 0.51, [< 0.51 

P3.41, 115.31 

- 269.8 E5.01 I n.0. I - 267.0 P5.11 
I I 

- 227.9 I - 223.5 I - 227.3 
15.51 I 15.11 I 16.6, 2.2l 
-188.5 I -186.7 I [Cl 

f69.01 

9.8, 6.5 
112.71 E.91 l4.51 02.91 

86.7[d, 34.1 

I [ 14.91, 14.91 

58.7, 30.3 
1< 0.51, L4.6; 1.01 
57.7, 32.7 
11.61, 1< 0.51 

E4.51, 114.91 
39.0 14.41 

I 

28.5 1< 0.51 

6.8 E.7l 

6.3 k.21 

-282.5 E5.11 

- 222.8 
16.5, 1.81 

[cl 

- 306.5 
L69.01 

9.7, 6.5 
E.91 13.71 
87.0[d], 37.0 
14.91, 14.91 

Wn C,D,; n.o. = not observed; coupling constants "J("P,X) (X = "C, "N, 

lhllndices a ,  b, c ,  d as in Equations ( 1 )  and (2). 
I'INot observable by INEPT technique. 

"P) [Hz] are given in square brackets. 

l"P( 111). 
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Experimental data 

Crystal size [mmT 
Space group; Z 
a, b, [A1 
c rA1 
B P I  
Volume [R’I 
Density (calcd.) [Mg/mT 
Absorption coeff. [mm-’l 
Diffractometer 
Radiation 
Temperature DU 
2 o range [DJ 

Independent reflections 
Observed reflections 
Solution 
Weighting scheme 
Parameters refined 
R indices (all data) [ X I  
Largest diff. peak [e/A3 

Scan type 

Largest diff. hole [ e / R  

B.  WRACKMEYER el al. 

for the X-ray analyses of 8a and 912 
60 9 

0 . 2 ~ 0 . 2 ~  0.25 0.3x0.2x0.2 
Pi;  2 PZ1/ni 4 
10.705, 12.355 13.822, 9.229 
14.636 19.829 
98.24(3) 104.84(3) 
1723.0(6) 2445.1(9) 
1.178 1.148 
0.307 0.321 

Siemens, P4 
Mo, K, - graphite monochromator 

173 173 
3.0 to 45.0 

3840 4242 
3840 4242 

3.0 to 50.0 
W W 

direct methods 
w-‘ = G?F) + 0.00OOF’ 

335 227 
R.6.97; wR.5.61 R.7.93; wR=3.5t 
0.44 0.63 
-0.46 -0.57 

tBu 

‘SiMe, 

80 

-240 -260 -280 -300 
I’*N 

-220 

FIGURE 1 30.4 MHz I5N NMR spectrum of compound 8a, recorded by using the refocused INEPT 
pulse sequence [based on 3J(15N1H)] with lH-decoupling. 
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SULFUR DlIMlDES 155 

TABLE I11 
Compound 8a: Atomic coordinates ( X  104) and equivalent 

isotropic displacement factors [Az x 103]12’1 

X 

7 1 5 ( 1 )  
2446(1)  
2739(1)  
- 7 0 4 ( 1 )  
5 3 6 1 ( 1 )  
2188(4)  
1 6 0 5 ( 4 )  

6 9 3 ( 4 )  
4 2 9 3 ( 4 )  
- 4 4 7 ( 4 )  

- 2000 ( 4 )  
- 2 0 0 3 ( 5 )  
- 1 8 3 0 ( 6 )  

- 5 4 2 ( 5 )  
2309(5)  
2203(6)  
1 2 5 0 ( 6 )  
3699(5)  

947 (5)  
1898(6)  
- 3 1 1 ( 6 )  

6 1 0 ( 6 )  
4 8 6 7 ( 5 )  
5 1 3 5 ( 6 )  
6134( 7 )  
3960( 7 )  
7 0 1 3 ( 6 )  
5869(6)  
4 7 0 0 ( 6 )  

5 9 3 ( 6 )  
6 7 5 ( 7 )  
1 4 5 ( 7 )  

- 3 2 7 3 ( 5 )  
- 3146 ( 6 )  
-4401(  6 )  
- 3606 ( 7 )  

1962(6)  

Y 
4416 ( 1 )  
7 3 7 6 ( 1 )  
6 3 3 0 ( 1 )  
2476(1)  
8344 ( 1 )  
4 8 3 6 ( 3 )  

3 3 8 1 ( 3 )  
6885( 3 )  
1 1 1 8 ( 3 )  
2 2 4 8 ( 3 )  
1 6 2 8 ( 4 )  
4 1 5 ( 5 )  
5 5 0 ( 4 )  

4 2 0 8 ( 4 )  
2 9 1 9 ( 4 )  
4 2 2 5 ( 6 )  
4 8 8 1 ( 4 )  
6 5 0 7 ( 4 )  

6 5 5 5 ( 5 )  

6 2 4 4 ( 4 )  
6 9 9 5 ( 5 )  
6096(  5 )  
4 9 6 7 ( 5 )  
9019( 5 )  
8 1 6 2 ( 5 )  
9 6 1 2 ( 4 )  

9 3 6 ( 4 )  
1 6 6 2 ( 6 )  

2 4 1 5 ( 4 )  
3 0 1 4 ( 5 )  
1207 ( 5 )  
3234( 5 )  
1 3 3 9 ( 5 )  

5 8 5 9 ( 3 )  

7 7 8 9 ( 4 )  

5 8 3 8 ( 5 )  

- 4 0 5 ( 5 )  

2 

6982 ( 1 )  
6 6 2 0 ( 1 )  
7 3 2 6 ( 1 )  
7 5 7 8 ( 1 )  
8 0 3 7 ( 1 )  
6 6 2 4 ( 3 )  
7 9 1 7 ( 3 )  
7 3 4 6 ( 3 )  
8011( 3 )  
7 2 0 7 ( 3 )  
6 6 6 8 ( 3 )  
5632(3)  
5484(3)  
6 1 4 5 ( 3 )  
5 6 1 4 ( 3 )  
5506 ( 4 )  
4 8 1 2 ( 4 )  
5 5 4 7 ( 4 )  
8 6 1 1 ( 3 )  
9 1 8 6 ( 4 )  
8037(4)  
9308(4)  
8 6 4 2 ( 4 )  
9738(4)  
8352 (5 )  
846 2 ( 5 )  
8 9 8 8 ( 4 )  
6 8 3 8 ( 4 )  
8 4 5 0 ( 4 )  
7 8 8 3 ( 4 )  
8947 ( 4 )  

6 8 3 8 ( 4 )  
7 9 4 6 ( 4 )  
6 4 5 9 ( 5 )  
6 3 1 5 ( 4 )  
7 6 7 7 ( 5 )  

7 7 3 9 ( 5 )  

[”IEquivalent isotropic U defined as one third of the trace of the 
orthogonalized U,, tensor. 

FIGURE 2 Molecular structure of compound 8a (see Table IV for selected bond distances and bond 
angles). 
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156 B.  WRACKMEYER ef al. 

TABLE IV 
Some selected structural data of 8a (standard deviations are given 

in parentheses) 

angle along the N(l)N(2) axis: 155.1’). The SN single bonds in the four-membered 
ring (dS(l)N(l) = 173.1 and dS(1)N(2) = 177.1 pm) are significantly longer than the 
exocyclic SN double bond (dS(l)N(3) = 152.3 pm). The four-membered and the six- 
membered ring are arranged in trans-position. Therefore, the aminophosphinyl 
substituent in the sulfur diimide 2 must have been in E-position when the 
[2 + 2]cycloaddition took place. The three-coordinate nitrogen atoms N(l)  and N(2) 
in the four-membered ring as well as N(5) are pyramidal whereas both N(4) and 
N(6) are trigonal planar. 

Exchange Reactions 

In spite of the apparent similarity between the sulfur diimides 2 and 3-5, the 
reactions of 3-5 with the amino-imino-thiophosphorane 6a take a completely dif- 
ferent course, and [2 + 2lcycloaddition was not observed at all. The surprising result 
is shown in Equation (3). 
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SULFUR DIIMIDES 157 

Starting from either 3, 4, or 5, the same product 9 was always formed in high 
yield. The second product is a sulfur diimide, e.g., ‘Bu(NSN)‘Bu (1) in the case 
of 3 and 5, or ‘Bu(NSN)SiMe, in the case of 4. This formation of a sulfur diimide 
as the second product explains the reaction mechanism (Scheme I). Apparently, 
the reaction starts with an exchange process. The =N‘Bu group of the thiophos- 
phorane 6a changes place with the [CH,N(‘Bu)],P-N= group of the sulfur diim- 
ides 3-5 to afford the sulfur diimide ‘Bu(NSN)R’ and the unstable thiophosphorane 
10. A 1,3-shift of the Me,Si group in 10 leads to 11, and another 1,3-shift, this 
time of the phosphinyl group, to 12. The 1,3-shifts of the Me&- and the 
[CH,N(’Bu)],P group may occur simultaneously or one after the other. 1,3-Shifts 
of trimethylsilyl groups in N-P-N systems have been reported,8 whereas, to the 
best of our knowledge, 1,3-shifts of phosphinyl groups have not been observed 
previously. It is evident that all conditions are fulfilled in 12 for an intramolecular 
stabilization of this thiophosphorane via the coordinative N-P bond to give 9. 

Compared to the exchange reaction, the [2 + 2lcycloaddition between either 
‘Bu(NSN)‘Bu (1) or ‘Bu(NSN)SiMe, and 6a takes place much more slowly. If only 
one equivalent of 6a is available for reaction with the sulfur diimide 5, only half 
of 5 is consumed, as shown by 31P NMR. Therefore, 3 and 9 must be formed in 
the first step, and then 3 reacts with a second equivalent of 6a to give 9 and 
‘Bu(NSN)’Bu (1). When this reaction between the sulfur diimide 5 and an excess 
of 6a in ether was monitored by using 31P NMR, the ,‘P NMR signals of the excess 
of 6a (6 + 137.9) and of the product 9 (6 112.8, 62.7) were accompanied by two 
doublets (*J(”P”P) = 22 Hz) at 6 + 63.7 and +34.0 which can be tentatively 
assigned to one of the proposed intermediates 10 or 11. The 31P NMR signals of 
the starting sulfur diimide 5 and of the sulfur diimide 3, formed in the first step of 
the exchange reaction, were not detected under these conditions. This indicates 
that the two exchange processes (between 5 and 6a as well as between 3 and 6a) 
are fast as compared to the NMR timescale. 

The reasons for the different behavior of 3-5 as compared to 2 are not clear, 
although one can speculate that the phosphorus atom in the 1,3,2-diazaphospho- 
lidinyl ring is more reactive than in the 1,3,2-diazaphosphoridinyI system. This 

tBu 

intramolecular 
coordination 

.tBU - 
phosphinyl- 

1,J-shift 1 t?u 

1 2  

SCHEME I Proposed mechanism of the formation of 9 
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158 B. WRACKMEYER et al. 

9 

n f 
9’ 

100 80 60 8”P 

FIGURE 3 121.5 MHz 31P{1H} NMR spectrum of product 9 in [D,]toluene/Et,O ( 1 : l O )  at 220 K ,  
showing the presence of the second isomer 9’ (-14%): 6”P [J(31P,31P)] = 112.0 [4.9] P(III), 61.0 [4.9] 
P(V) (9); 101.5 [7.3) P(III), 56.9 [7.3] P(V) (9’); (298 K) 112.8 [br] P(III), 62.7 [br] P(V). 

could lead to weak bonding interactions with nucleophilic sites of the amino-imino- 
thiophosphorane (e.g. to a P--S-P bridge) and, by such a preorientation, the 
reaction might take a different course. In principle, transimidation of sulfur diimides 
is a well known type of r e a ~ t i o n . ~  

At room temperature in solution, the structure of 9 was shown to be fluxional 
because of the labile coordinative N-P bond (lH-, ISN- and 31P NMR). Thus, 
the 31P NMR spectrum of 9 at -53°C (see Figure 3) showed two sets of signals 
with different intensities (86:14). Hence, two isomers 9 and 9’ are present at low 
temperature in solution. Assuming that the more abundant isomer crystallizes 
preferentially (vide infra), it has the structure 9. I3C and “N NMR data are listed 
in Table V. 
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SULFUR DIIMIDES 159 

r 

Na%u Nbbu Nc%u NdSIMe,Ol CHI 
6% 54.9, 30.6 54.3, 29.6 64.3, 30.0 3.3 49.5, 47.9 

[9.81,[c1,~11 D6.41, L9.81 00.91, L18.51 f4.91 fcll, n . l l  

d k  - 251.2[d - 278.1 - 251.Ord - 248.3 - 
E8.6, 5.51 L84.41 b8.6, 4.91 L20.8, 1.81 

X-ray Structure Analysis of 9 

Recrystallization of 9 from toluene afforded single crystals suitable for an X-ray 
structure determination. The experimental data are given in Table 11; Table VI 
contains the atomic coordinates and isotropic displacement coefficients. Selected 
bond lengths and bond angles are listed in Table VII. The molecular structure of 
9 is shown in Figure 4. The longest PN bond (d,o,,o, = 194.8 pm) is found for 
the labile coordinative N-P bond. The surrounding of the nitrogen 

IaIIn CD2CI, at - 50°C; indices as in Equation (3); coupling constants 

IhlSZySi = -9.0 [18.3] (298 K) .  
I'IAssignment uncertain. 

"J("P,X) (X = "C, lSN) [Hz] are given in square brackets. 

TABLE VI 
Compound 9: Atomic coordinates ( x 104) and equivalent 

isotropic displacement factors (AZ x 103]1aJ 

X Y z Wed 
S 6837(1) -2823(1) 3261(1) 38(1) 

P(2) 6657(1) -1366(1) 3938(1) 26(1) 
si 7930(1) -2773(1) 5220(1) 38(1) 

N(2) 6881(2) 577(3) 3625(1) 26(1) 
N(3) 7169(2) -1544(3) 4714(1) 27(1) 
N(4) 5248(2) 1337(3) 2762(1) 35(1) 
C(1) 6912(2) 530(4) 2863(2) 33(1) 
C(2) 5845 (3) 417(4) 2421(2) 36(1) 
C(3) 7740(3) 1520(4) 4067(2) 33(1) 

C(5) 7700(3) 3046(3) 3752(2) 54(2) 

C(7) 7165(3) -4332(4) 5387(2) 69(2) 
c(8) 8535(3) -1900(4) 6072(2) 60(2) 
C(9) 8961(3) -3440(4) 4849(2) 53(2) 

C(11) 3826(2) -398(4) 3973(2) 48(2) 
C(12) 4771(3) -2689(4) 4307(2) 48(2) 

C(14) 4648(3) 2554(4) 2372(2) 45(2) 
C(15) 4109(3) 3348(4) 2832(2) 66(2) 
C(16) 5321(3) 3595(4) 2111(2) 69(2) 
C(17) 3865(3) 1901(5) 1759(2) 77(2) 

P(1) 5592(1) 1140(1) 3620(1) 2 9 ~  

N(1) 5504(2) -677(3) 3783(1) 2 3 ~  

C(4) 7601(3) 1686(3) 4807(2) 4 ~ 1 )  

C(6) 8726(2) 795(4) 4079(2) 5 0 ~  

C(10) 4561(3) -1456(4) 3779(2) 3 2 ~  

C(13) 4099(3) -2050(4) 3042(2) 5 2 0 )  

atoms N( 1) 

I"1Equivalent isotropic U defined as one third of the trace of the 
orthogonalized U,, tensor. 
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B. WRACKMEYER el al. 

TABLE VII 
Structural data of the zwitterionic bicylic compound 9 (standard 

deviations are given in parentheses) 

FIGURE 4 Molecular structure of the zwitterionic compound 9 (see Table VII for selected bond 
distances and bond angles). 

(sum of bond angles 360.0 (5)") and N(4) (sum of bond angles 357.7 (7)") is trigonal 
planar or close to trigonal planar. 

There are no structural data of amino-imino-thiophosphoranes available in the 
literature. A comparison of the bond lengths dp(2)N(3) = 152.9 pm in 9 with those 
in amino-bis(imin~)phosphoranes'~ (151.8 and 151.3 pm) where the surrounding 
of the phosphorus is trigonal planar, indicates little change. The bond angle P(2)N(3)Si 
in 9 (136.7") is smaller by =lo" as compared with the corresponding angle in the 
bis(imino)-phosphoranes. This can be attributed either to the influence of replacing 
an irnino group by the sulfur atom or to the additional coordinative N(2)-P(2) 
bond. 

EXPERIMENTAL 

The synthetic work was carried out in an atmosphere of Ar, by observing all precautions to exclude 
oxygen and traces of moisture. The solvents pentane, toluene and diethyl ether were distilled from 
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SULFUR DIIMIDES 161 

Na/K alloy prior to use. The sulfur diimides 1,' 2-5, and the amino-imino-thiophospharanes 6a.b'" 
were prepared following procedures reported in the literature. 

NMR spectra were recorded from samples (ca. 10-20% in C,D,, [D,]toluene or CD,CI,) in 5 mm 
tubes by using JEOL FX 90 Q (3'P NMR) and Bruker AC 300 spectrometers ('H-, "C-, IsN NMR), 
both equipped with multinuclear and variable temperature units. Chemical shifts are given with respect 
to Me,Si [GIH(C,D,H) = 7.15, (CDHC12) = 5.33, (C,D,CD,H) = 2.03; S"C(C,D,) = 128.0, (CD,CI,) 
= 53.8, (C,D,CD,) = 20.4; Sz9Si, 8(29Si) = 19.867184 MHz], external neat MeN02 (S"N, Z("N) = 
10.136767 MHz) and external H,PO, (aq. 85%) (S3'P, Z("P) = 40.480747 MHz). "N and "Si NMR 
spectra were measured by using the refocused INEPT" pulse sequence [based on coupling constants 
3J('5N, 'H) = 1.5-2.3 Hz and ZJ(29Si'H) = 7 Hz] with 'H decoupling. Mass spectra (El, 70 eV) were 
recorded on a VARIAN MAT CH-7 instrument. 

3-(tert-Buryl)trimethyIsilylamino- and 3-Bis(1rimethy~ilyl)amino-2,4-di-tert-bu~l-l-(tert-bu~l)imino-3-thio- 
I .2,4,3-thiadiazaphosphetidines (7a, 7b) and 3-(tert-Butyl)trime1hylsilylamino- and 3- Bis(trimethylsilyl)- 
amino-2,4-di-ter1-bu~yl-1-~2-(1,3-di-tert-bu1yl-1,3,2-diazaphosphoridinyl)]imino-3-thio-1,2,4,3-thiadiaza- 
phosphetidines (8a,8b). At room temperature, a solution of 50 mmol of the sulfur diimide 1 or 2 in 
50 ml of diethyl ether is added to a solution of 50 mmol of the amino-imino-thiophosphorane 6a or 6b 
in 50 ml of ether. After stirring the mixture for 24 h at room temperature the ether is removed in 
vacuo. the residue dissolved in 30 ml of pentane and stored at -78°C. The products 7a,b and 8a,b 
crystallize from this solution. They are obtained as colorless crystals in 60-70% yield after repeated 
recrystallization from a small amount of pentane at - 30°C. 

7a: mp. 75°C; 'H NMR (300 MHz in [D,]benzene) SIH = 1.62 s, 9H, N'Bu; 1.44 s, 18H. N'Bu; 1.19 
s. 9H. N'Bu; 0.71 s, 9H. SiMe,; ELMS [C,,H,,N,PS,Si, 452.7701 m/z (%): 452 (7, M). 
7b: mp. 71°C; 'H NMR (300 MHz in [DJbenzene): 6'H = 1.55 s, 18H, N'Bu; 1.31 s, 9H. N'Bu; 0.62 
s, 9H, SiMe,; 0.61 s, 9H, SiMe,. 
8a: mp. 108-109°C; 'H NMR (300 MHz in [D,]benzene): S'H [J("P, 'H)] = 3.30 m, 4H, NCH,; 2.70 
m. 2H. CH2; 1.68 s, 9H, N'Bu; 1.54 s, 18H. N'Bu; 1.21 [2.1] d, 18H, N'Bu; 0.64 s. 9H, SiMe,. 
8b: 105°C; 'H NMR (300 MHz in [D,]benzene): 6'H = 3.40 m, 4H, NCH,; 2.80 m, 2H, CH2; 1.51 s, 
18H. N'Bu; 1.21 s, 18H. N'Bu; 0.55 s, 9H, SiMe,, 0.53 s, 9H, SiMe,. 

2,5,7- Tri-tert-hu1yl-6-trimethylsilylimino-6-thio-bicyclo[ 3.2.01-1 (&A ') , 6(dA5) ,2,5,7-diphosphatriazahep- 
lane (9). A solution of 3,4 (10 mmol, each) or 5 (5 mmol) in 25 ml of diethyl ether is added at room 
temperature to a solution of the amino-imino-thiophosphorane 6a (2.78 g, 10 mmol) in 25 ml of diethyl 
ether. After stirring the reaction mixture for 48 h at room temperature, the ether is removed in vacuo. 
A white solid which forms immediately when pentane is added to the residue is filtered off. Recrys- 
tallization of the white raw material from toluene affords pure 9 (1.40 g, 33%) as colorless crystals 
(mp. 120- 121°C). 

'H NMR (300 MHz in [D,]toluene): SiH = 4.20 m, 2H, NCH,; 2.91 m, 2H, NCH,; 2.11 s, 9H, N'Bu; 
1.49 s. 9H, N'Bu; 0.85 s, 9H, N'Bu; 0.64 s, 9H, SiMe,. ELMS [C,,H,,,N,P2SSi, 422.6251 m/z (76): 422 
(4. M). 
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