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(1.954 (67) A)," R u ~ H ( / L - H ) ~ N ~ ( P P ~ ~ ) ~  (1.89 A),16 and 
[ReH2(PEhPh)]2(p-H)4 (1.878 (7) A)? The H-H distances, 
0.99 (7) A for H(l)-H(2) and 0.84 (8) for H(3)-H(4), are 
comparable to those of v2-H2 ligands,"J8 but X-ray crys- 
tallography is not a good way to tell the H-H distances 
because the electron density maxima of the two-electron- 
three center (2e-3c) MHM bonds will be much closer than 
the nuclei themselves. We therefore conclude that 2 is not 
a v2-H2 complex but a a-bonded metal hydride complex 
on the basis of the value of JHD and the TI  data. 

Transition-metal polyhydride complexes are known to 
have the potential for creating coordinative unsaturation 
by eliminating molecular hydrogen. While complex 2 is 
hardly decomposed upon irradiation of UV light, 2 evolves 
H2 to generate the coordinatively unsaturated species by 
the addition of acid. 

Treatment of 2 with 1.1 equiv of CF3S03H in benzene 
quantitatively afforded the cationic 18-electron complex 
[ (v5-C5Me5)Ru(v6-C6H6)] (CF3S03) (3) via the addition of 
benzene to the intermediary "(v6-C5Me5)Ru" (eq 2).19 

2 3 

Cationic areneruthenium complexes 4 and 5 were also 
obtained in 99 and 91% yields, respectively, by reacting 
2 with arenes in a halogenated solvent such as CH2C12 or 
CHC13 (eq 3 and 4).20 

2 4 
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(17) (a) Kubas, G. J.; Ryan, R. R.; Swanson, B. I.; Vergamini, P. J.; 
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(18) Morris, R. H.; Sawyer, J. F.; Shiralian, M.; Zubkowski, J. D. J. 
Am. Chem. SOC. 1986,107, 5581. 
(19) 3 IR (KBr) 3072,2981,2909,1258,1170,1041,645,581,528 cm-'; 

(CDsCOCDB) 6 96.5 (CsMes), 87.0 (c6&), 9.7 (C&es). Anal. Calcd for 

(20) 4 IR (KBr) 2987,2941,2899,1616,1473,1451,1385,1129,1072, 
1033,980,860,775 cm-'; 'H Nh4R (CD2ClJ 6 5.95-5.80 (m, 3 H, aromatic), 
5.33-5.32 (m, 2 H, aromatic), 2.23 (8, 3 H), 2.00 (8, 15 H); lSC NMR 
(CD2Cl2) b 100.6 (a), 96.6 (8 ,  C6Mes), 88.8 (d, J = 171.7 Hz), 88.1 (d, J = 
151.9 Hz), 87.4 (d, J = 176.0 Hz), 19.0 (q, J = 129.2 Hz), 11.1 (4, J = 128.6 
Hz). Anal. Calcd for C17H&lRu: C, 56.11; H, 6.37; C1,9.74. Found C, 
55.85; H, 6.41; C1,9.53. 5: IR (KBr) 3053, 3026, 2960, 2906, 1483, 1445, 
1399, 396 an-'; 'H NMR (CDCls) 6 5.93 (e, 6 H, C m ,  2.03 (8, 15 H); '% 
NMR (CDClB) 8 98.1 (s, C&e6), 88.5 (d, J = 176.4 Hz), 10.8 (q, J = 128.0 
Hz). Anal. Calcd for C&1ClRU: C, 54.93; H, 6.05; C1, 10.13. Found 
C, 54.59; H, 6.29; C1, 10.92. 

'H NMR (CDSCOCDS) 8 5.97 (8, 6 H, C&), 2.04 (8, 15 H); 

C17H210SFsSRU: C, 44.06; H, 4.57. Found: C, 43.96; H, 4.65. 
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bond distances and angles, positional parameters and isotropic 
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Summary: Stable silenes of the family (Me,Si),Si=C- 
(OSiMe,)R react with isonitriles R'N=C: to yield unstable 
silacyclopropanimines which rapidly rearrange below 
room temperature to form the isomeric silaaziridines, as 
shown by the crystal structure of one of the compounds 
(R = Ad, R' = t-Bu). These are the first reported exam- 
ples of three-membered rings containing both silicon and 
nitrogen. 

Silenes have been shown to undergo a variety of cyclo- 
addition reactions,1 including reactions with  alkene^,^^^ 
 diene^,^^^ aldehydes and ketones?5 silylenes? and imines5 
and diazene~.~~' We now report the cycloaddition reaction 
of stable silenes of the family (Me3Si)$3i=C(OSiMeJR (1) 
with isonitriles R'N=C: (2). 

The reaction of an isonitrile with a disilene has recently 
been reported to yield a disilacyclopropanimine (eq l ) ,  as 
( X y l ) 2 S 1 = S ~ ( X y l ) 2  t X y l - N = C :  - ( X y l ) 2 S l - S ~ ( X y l ) ~  

\ /  
\ /  

(1) C 
I /  

X y l  = 2 , 6 - d i m e t h y l p h e n y l  N. 
X Y  1 

shown by the crystal structure of the p r o d u ~ t . ~ ~ ~  By 
analogy it might be expected that an isonitrile, 2, would 
react with a silene 1 to yield the related silacyclopropan- 
imine 3 (eq 2), but this was not the structure of the com- 
pounds isolated at  room temperature. 

When members of our family of silenes 1 having R = 
t-Bu or Ad (1-adamantyl) were generated (by photolysis 
of the related acylsilane (Me3Si),SiCOR in C6D6 using 
360-nm radiation at 10 "C) in the presence of an equivalent 

On leave from the Department of Chemistry, Kyunggi Univer- 
sity, Suwon, South Korea. 
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0276-7333/88/2307-2245$01.50/0 0 1988 American Chemical Society 

D
ow

nl
oa

de
d 

by
 N

A
T

 L
IB

 U
K

R
A

IN
E

 o
n 

Ju
ly

 2
8,

 2
00

9
Pu

bl
is

he
d 

on
 M

ay
 1

, 2
00

2 
on

 h
ttp

://
pu

bs
.a

cs
.o

rg
 | 

do
i: 

10
.1

02
1/

om
00

10
0a

03
3



2246 Organometallics, Vol. 7, No. 10, 1988 Communications 

-0.66 
2.93 

114.51 
133.36 
31.98 
52.45 
29.53 
37.59 
43.17 
38.96 

Table  I. NMR Data (6) for  Silaaziridines (in CsDa) 
ne ,S I  P d  ne,SI  9 6  l l e 3 s i  c n e j  ne3s1 m e 3  

"e3s;s:,;c-cos,"., ne$: \N/ 0 s i n e 3  le ,S?:N;C-COSlnej  ne,s: "/ osLne,  
5 ,  c = c  s t -c=c ,  

CYe, cneZCHeCne, C n e l  CnepCHZCne,  

4a 4b 4c 4d 

'H 
Me3Si 0.26 0.25 0.26 0.21 
Me3Si0 0.44 0.44 0.41 0.40 
Me,CN 1.34 1.42 1.33 1.39 

Me3CC= 1.34 1.30 
Me3CC 1.08 1.05 
CHZ 1.18 1.11 

l3C 

other Ad 1.6-2.1 1.7-2.1 

Me3Si -0.30 -0.32 
Me3Si0 3.11 2.91 
ring C 114.72 114.50 
ring C=C 133.30 132.35 
Me,CN 31.06 31.07 
Me,CN 56.19 56.22 
other Ad CH 29.55 

Ad CHZ 37.58 
43.22 

Ad quat 39.07 
Me& 32.07 32.04 
Me3C 31.76 31.75 
CHZ 57.24 57.26 

29Si 
Me3Si -16.34" -15.98 -16.21 -16.11 

ring Si -89.55 -89.87 -89.03 -89.47 
Me3Si0 11.20 11.02 11.49 10.92 

"Additional data: Me3Si, 'J(Si-C) = 45.8 Hz; Me3Si0, 'J(Si-C) = 59.8 Hz; ring Si, 'J(Si-C) = 38.7 Hz; ring Si, 'J(Si-Si) = 73.2 Hz. 

-0.67 
2.75 

114.37 
132.51 
32.00 
52.52 

of isonitriles 2 having R' = t-Bu or CMe2CH2CMe3 (iso- 
octyl), clean reactions occurred to give only one product 
in each case. Identical products were formed when the 
preformed silene was treated with the isonitrile in the dark. 
All four compounds had remarkably similar 'H, I3C, and 
29Si NMR spectral data as shown in Table I. An im- 
portant feature of these spectra was that each compound 
had only one Me3&& NMR signal, where two magneti- 
cally nonequivalent MesSi groups would be expected for 
the silacyclopropanimine 3, as has been observed by us for 
several related cyclic s y ~ t e m s . ~ * ~ ? ~  Hence it was clear that 
the products of these reactions were not silacyclopropan- 
imines. 

One of the compounds (R = Ad, R' = t-Bu) could be 
sublimed at  70 "C (0.1 mm) to give yellow crystals. An 
X-ray structure, although hampered by crystal decompo- 
sition, clearly demonstrated that the compound was the 
silaaziridine 4a having an exocyclic double bondlo (Figure 

c 

C M e 3  

(10) Properties of 4a: highly reactive yellow solid, mp 74 O C ;  IR (neat) 
1630 (weak, C=C) cm-'. Anal. MS Calcd for CSHSlNOSi4: 493.3048. 
Found 493.3073. Crystals of 4a with rounded irregular shapes were cut 
to size and rapidly transferred to Lindemann capillaries in a glovebag 
under dry argon. Crystal data: monoclinic, space group C2/c, a = 19.220 
(6) A, b = 17.325 (7) A, c = 19.904 (6) A, 0 = 103.04 (2)O, U = 6457 AS, 
D- = 1.02 g cm-S for 2 = 8, p(Mo Kh) = 1.6 cm-', T = 298 K. Unit cell 
dimensions based on 25 reflections (6.8 < 8 < 12.8O) centered on an 
Enraf-Nonius CAD4 diffractometer by the use of Mo Ka radiation 
(graphite monochromator) and a crystal of dimensions 0.23 X 0.24 X 0.32 
mm. Intensity data collection (w-28 scans over (0.80 + 0.35 tan S ) O ,  

maximum wan time 48 s] gave 5562 data in the octanta h,k,& [shell with 
42 < 28 < 50° incomplete due to extensive loss of scattering experienced 
by crystal (48%)]. Lorentz, polarization, and crystal decay corrections 
(based on the intensities of three standards measured at regular intervals) 
applied to all data collected. Structure solution by standard methods; 
only H atoms in Ad group included in calculated positions; 2:l disorder 
observed for the Me groups of Si(3)Mes. Full-matrix least-squares re- 
finement minimizing X w h F  has converged (maximum A/u = 0.31) to 
R = 0.109 (wR = 0.118) for 1438 reflections with F > 6u(F) (Si atoms 
anisotropic; 159 variables; w = [$(F) + O.O0441P]-' and maximum Ap 
= 0.63 e A-s). Scattering factors stored in programs were from ref 11. 
Programs: Enraf-Nonius SDP package on PDP 11/23 and SHELX on 
Gould 9705 computers.'* 

4 a  

Rd = a d a m a n t y l  = C10H15 

Figure 1. ORTEP view of the silaaziridine 4 a  showing the crys- 
tallographic numbering scheme and the disorder of the Me3Si(3) 
group. Selected bond lengths (A) and bond angles (deg): Sil-Si2 
= 2.328 (7), Sil-Si3 = 2.353 (6), Sil-C1 = 1.830 ( E ) ,  Sil-N1 = 

1.484 (19), C15-Cl6 = 1.484 (le), C15-01 = 1.428 ( E ) ,  Si4-01 
= 1.644 (11); Si2-Sil-C1 = 118.4 (5), Si2-Sil-N1 = 121.7 (5), 
Si3-Sil-C1 = 117.2 (5), Si3-Sil-N1 = 112.4 (5), Si1-C1-C15 = 
152.4 (13), N1-C1-C15 = 143.2 (14), Sil-N1-C11 = 142.1 ( l l ) ,  
C1-N1-C11 = 133.4 (13), C15-01-Si4 = 131.1 (9), C1-C15-01 
= 119.5 (13), Cl-Cl5-Cl6 = 126.3 (14), O l C 1 5 - C l 6  = 114.0 (12). 

1). In light of the similarity of the NMR spectra of all 
the compounds 4a-d it is clear that all must have the 

1.764 (13), C1-N1 = 1.417 (17), C1-C15 = 1.313 (19), N1-C11 = 
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silaaziridine structure. These compounds are the first 
reported three-membered rings containing a silicon, car- 
bon, and nitrogen atoms. 

In the silaaziridine ring the endocyclic ring angles at Si, 
C, and N are 46.4 (ti)", 64.3 (8)", and 69.3 (8)", respectively. 
The angle at Si is intermediate between the values of 50.4" 
reported for a crowded oxasilacyclopropane13 and the 
C-Si-C ring angle of 43.5 (1)" for l,l-dimesityl-2-phe- 
nyl-3-(trimethylsilyl)-l-silacyclopropene.14 In the latter 
compound the Si-C distances are 1.800 (2) and 1.839 (2) 
8, to the phenyl- and Me3Si-substituted C atoms, respec- 
tively, compared with values of 1.830 (15) A in 4a and 1.849 
8, in the above oxasilacyclopropane. Similarly in two other 
silacyclopropane s t ru~ tu res '~J~  the Si-C distances and 
C-Si-C ring angles are 1.865 (5), 1.878 (6) A, and 52.1 (2)" 
and 1.825 (3), 1.827 (3) A, and 49.2 (l)", indicating that 
when allowance is made for the small angles a t  Si, the 
resulting bent bonds would be quite long and weak." 
Similarly, the observed Si-N ring distance in 4a of length 
1.764 (13) A is already much longer than a standard single 
bond length (1.72 A) for four-coordinate Si.18 Consistent 
with the long Si-C and Si-N bonds, the C1-N1 bond 
length [1.417 (17) A] is slightly shorter than the sum of 
the covalent radii for C(sp2) and N of 1.44 A. In com- 
parison, the N-C(sp2) and N-C(sp3) ring distances in 
1,l'-carbonylbis(aziridine) at  -105 "C are 1.389 (l), 1.460 
(2), and 1.485 (2) A; the C-N-C angle is 61.2 (l)".I9 The 
bond angle sums at  C1 and N1 indicate that the former 
is planar while the latter is pyramidal with the N atom 
lying 0.31 8, above the Sil-C1-C11 plane (see Figure 1). 

Compensation for the small Si ring angle is reflected in 
the large exocyclic Si2-Sil-Si3 bond angle [119.9 (3)"] and 
in the Sil-Si2 and Sil-Si3 bond lengths which are both 
shorter than values observed in a disilaoxetane [Si-Sirhg 
= 2.409 (2) A]" and in a siloxetane with Me3Si substituents 
[2.378 (5) and 2.394 (5) A; Si-Si-Si = 106.8 Also, 
the Si-Si-C bond angles in 4a are often <109.5", indicating 
that these groups are not as sterically crowded as similar 
groups in other disilacyclobutanes and mono- and disila- 
oxetanes. Likewise the observed C-0-Si angle [131.1 (9)"] 
is comparable to that observed in a stable trimethylsil- 
oxy-substituted silene (134.0°).21 Finally, a least-squares 
mean plane through the atoms Sil, N1, C1, C15, C16, and 
01 indicates that the double bond is planar to within 0.033 
(14) A; the angle between the planes Si2SilSi3 and 
Si lClNl  is 95.4". 
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Relevant to the observed NMR data is the fact that the 
ring-nitrogen atom is pyramidal (see above). Hence the 
two Me3Si groups in 4a should be nonequivalent unless 
the ring nitrogen inverts a t  a speed comparable to the 
NMR time scale. Nitrogen in three-membered rings is 
frequently stereochemically stable with an appreciable 
inversion barrier,22 but it is known that groups which can 
delocalize the electron density on nitrogen (e.g. C=C in 
4a) greatly reduce the inversion barrier.23 In addition, the 
observed facile inversion of the nitrogen atom at  room 
temperature should be assisted by its electronic interaction 
with the adjacent ring-silicon atom (some silylamines have 
been found to be near planar24). 

The most reasonable explanation for the formation of 
the silaaziridines 4 involves the thermal isomerization of 
an initially formed silacyclopropanimine 3 (eq 3). This 

(11) International Tables for X-ray Crystallography; Kynoch Bir- 
mingham, England (present distributor D. Reidel, Dordrecht), 1974; Vol. 
IV. 

(12) Frenz, B. A. Enraf-Nonius Structure Determination Package; 
Enraf-Nonius: College Station, TX, 1981. Sheldrick, G. M. SHELX-76, 
Cambridge University: Cambridge, England. 

(13) &do, W.; Ha&da, Y.; Sekiguchi; A.; Ueno, K. Tetrahedron Lett. 
1982,23, 5323. 

(14) Hirotsu, K.; Higuchi, T.; Ishikawa, M.; Sugisawa, H.; Kumada, M. 
J. Chem. SOC. Chem. Commun. 1982, 726. 

(15) Ishikawa, M.; Matauzawa, S.; Sugisawa, H.; Yano, F.; Kamitori, 
S.; Higuchi, T. J. Am. Chem. SOC. 1985,107, 7706. 

(16) Delker, G. L.; Wang, Y.; Stucky, G. D.; Lambert, R. L., Jr.; Haas, 
C. K.; Seyferth, D. J .  Am. Chem. SOC. 1976, 98, 1779. 

(17) A correction factor, 0, of ca. 20-25' to either side of the N - S i 4  
bond angle would give S i 4  distances for the 'bent- bonds of ca. 1.95-2.02 

(18) Klebe, G. J.  Organomet. Chem. 1985,293, 147. 
(19) Boese, R.; Rademacher, P.; Treschanke, L. J. Mol. Struct. 1985, 

131, 55. 
(20) Schifer, A.; Weidenbruch, M.; Pohl, S. J. Organomet. Chem. 

1985,282, 305. 
(21) Nyburg, S. C.; Brook, A. G.; Abdesaken, F.; Gutekunst, G.; 

Wong-Ng, W. Acta. Crystallogr. Sect. C Cryst. Struct. Common. 1985, 
C41, 1632. 

A (= I . ~ ~ O / C O S  e). 

1 2 

3 

process would be the nitrogen analogue of the well-studied 
thermal 1 ,341~1  migration of @-keto silanes leading to 
siloxyalkenes:26 some &keto silanes have been observed 
to rearrange under relatively mild conditions. Strong 
support for this proposal was obtained when the reaction 
between 1 (R = Ad) and 2 (R' = t-Bu) was carried out a t  
-70 "C where a different very unstable product was formed 
whose 'H and 13C NMR spectra were consistent with that 
of silacyclopropanimine 3aF6 When the reaction mixture 
was warmed to room temperature, the initially formed 
product rapidly disappeared, giving rise to the silaaziridine 
4a. 

Currently we are attempting the isolation and better 
characterization of the silacyclopropanimine precursors, 
and we are also using other silenes or isonitriles which 
contain aryl groups, where preliminary observations have 
shown other modes of reaction are occurring.n In addition 
we are examining the hydrolysis reactions of these very air- 
and moisture-sensitive compounds, which are simultane- 
ously enamines and silyl enol ethers. 
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parameters and isotropic and anisotropic temperature factors and 
bond distances and angles for silaaziridine 4a (4 pages); a listing 
of structure factors for 4a (4 pages). Ordering information is given 
on any current masthead page. 

(22) Lambert, J. B. Top. Stereochem. 1971, 6, 19. Binsch, G. Top. 
Stereochem. 1968,3,97. 

(23) Bottini, A. T.; Roberta, J. B. J. Am. Chem. SOC. 1958,80, 5203. 
(24) For a discussion of the bonding involved see: Ebsworth, E. A. V. 

In Volotile Silicon Compounds; McMillan: New York, 1963; pp 105-109. 
(25) Brook, A. G.; MacRae, D. M.; Bassindale, A. R. Can. J .  Chem. 

1975, 86, 181. 
(26) NMR spectral properties at -60 "C in toluene-d8 of intermediate 

ascribed the silacyclopropanimine structure 3a: 'H 6 0.35,0.40 (9 H, a, 
Me3Si), 0.46 (9 H, a, MesSiO), 0.81 (9 H, 8, Me&), 1.62-2.08 (15 H, br m, 
Ad); 18C 8 1.55,1.72 (Me3Si), 3.80 (MeaiO), 27.81 (Me&), 29.20 (CH Ad), 
36.24, 39.86 (CH2 Ad), 42.13 (C quat Ad), 51.21 (Me&), 178.99 (ring 
C-OSi), 246.33 (N=C ring). %i NMR spectrum not obtainable because 
of instability of 3a and slow relaxation rate of the Si nucleua at -60 OC. 

(27) Brook, A. G.; Saxena, A. K.; Sawyer, J. F. Organometallics, sub- 
mitted for publication. 
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