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Abstract

A series of amido derivatives of arsenic cyclopentadienyls (Cp'AsNR), (4=6) (4: Cp' = C,Me;. R=H, n=4; § Cp’ = C Me,,
R = Me: o= 2 6 Cp' = Coi-PryH, R = Me, n = 2) has been synthesized by the reaction of Cp'AsX, (1=2) (1: Cp’ = CMeg, X = CL 2
Cp’ = Cei-PryH. X =D with an excess of umine. The reaction proceeds via a diamido substituted intermediate which eliminates in
vacuum ong eguivalent of ree amine 1o give in sitn imino arsanes which rapidly oligomerize (o octa- or tetracyclic compounds in almost
quantitative yiekl. In the case of bulky amines, viz. -BuNH, and (Me,Si),NH, monoamido substituted arsanes Cp *AsCUNR'R?) (7-8)
(7: R' = H. R = r-Bu: 8: R' = R® = SiMe,) huve been obtained by treatment of 1 with an excess of +-BuNH, or with one equivalent of
NaN(SiMe,),. The Muorine substitwted analogue of 8, Cp * AsFIN(SiMe,),] (9). hus been synthesized cither by reaction of one equivalent
of NaN(§iMe ), with Cp “AsE, (3) or by a substitution reaction between 8 and Cp,CoF in moderate yields, 7 reacts with strong bases,
eg. LENaNGSIMe ), or Me SaNEt,, giving an imino arsane as an - intermediate which quickly  dimerizes o diszadiarsetane
(Cp*AsNe-Bu), (10). The reaction of 1 with Ph,C=NNH , in the presence of EGN as a base gives the disubstituted hydrazonato arsane
Cp  ANHN=CPh, ), (01D, independent of the reagent ratio. All new compounds were characterized by spectroscopic methods ('H,
U'CNMR, MS) und elemental analyses. The crystal structures of 4=8 hive been determined by X-ray ditfraction methads. Bonding of the
arsenic fragment to the eyclopentadienyl ligand can be described as o primarey o-interaction with an additional -interuction between the
cyclopentadicny! ligand and the arsenie atom, resulting in pseudo-n?® 0 9 -coordination. Short intrumolecular As—As contaets are found
tor 8 and 6. © 1997 Elsevier Science S.A,

Kevwords: Arenic;, Arsenic amtides; Imino arsanes; Cyclopentadieny! mrseie compounds: ceystal structure; Group 15

1. Introduction

Over the years, there has been considerable mterest
in compounds of “*Group 15 clements’” having low
coordination sites. Very high reactivitity and low stabil-
ity of arsenic compounds of this type, viz. diarsenes [2],
phosphoarsenes [3] and compounds with arsenic-carbon
multiple bond systems [4], often prevent their isolation
which is only possible when sterically demanding sub-
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stituents at the arsenic atom are used. Up to the present
there have been only three reports on isolated trivalent
arsenic compounds with an As-N double hond [S.6].
Usually, a rapid oligomerization of imino arsenic inter-
mediates takes place [7]. Recently, we reported the
syntheses and crystal structural characterization of pen-
tamethylcyclopentadienyl arsenic dihalides (Cp*AsX,)
which are useful starting materials for further transfor-
mations at the arsenic atom [1].

In this paper we describe our studies on cyclopenta-
dicnyl arsenic amido derivatives which are synthesized
by nucleophilic substitution reactions and discuss a
possibie mechanism for the formation of heterocyclic
arsenic compounds from the imino intermediates. Addi-
tionally, five X-ray crystal structure studies, viz. of
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(Cp°AsNH), (4). (Cp°AsNMe), (8). [Cgi-
Pr,H)AsNMe], (6), Cp°AsCKNH1-Bu) (7), and that of
Cp* AsCIIN(SiMe,), ] (8), are reported.

2. Results and discussion

2.1. Synthesis and characterization of tetraazatetraarso-
cane 4 and diazadiarsetanes § and 6

Treatment of arsenic cyclopentadienyls Cp'AsX, (1-
2) (1: Cp’ "AsCl,, 2: (Ci-Pr,H)Asl,) with an excess of
a non-bulky primary amine readily affords the interme-
diate diamido substituted species CpAs(NHR'), (R’ = H,
Me) which exist only in the presence of the correspond-
ing amine. Once the amine is removed from the reaction
mixture an elimination of one equivalent of amine takes
place, giving imino arsanes as intermediates which
oligomerize rapidly leading to heterocyclic compounds
of the general formula (R'AsNR?), (n =2, 4) in almost
quantitative yields (Scheme 1).

The formation of the diamino substituted species as
an intermediate is claimed on the basis of the solubility
properties of the reaction mixtures. In the case of 4,
after the filtration of the ammonium salt a clear. yellow
solution is obtained. Further removal of all volatiles in
vacuum gives an oily residue which is poorly soluble in
even more polar solvents than Ev,0, e.g. THF, More-
over, an addition of the free amine to an e¢therial
suspension of 4 does not lead to a clear solution, thus
indicating the irreversible foss of umine and the forma-
tion of the heterocyclic compound 4. Analogous solubil-
ity properties are also observed for methyl amido
derivatives, The initiul formation of a diamido arsane i
further supported by the reaction of Cp°AsCI, (1) with
two equivalents of Ph,C=NNH, in the presence of
EtyN as a buse. Only the disubstituted hydrazonato
arsane Cp " As(NHN=CPh,), (11) is formed, even if an
excess of 1 is used (Scheme 2). In contrast to the
diumido intermediates discussed above, compound 11
does not eliminate free benzophenone hydrazone at
elevated temperatures: it melts without decomposition at
64-65°C and decomposes at a temperature above 100°C
giving a product mixture difficult to analyze. The stabil-
ity of 11 towards elimination reaction can be explained
by the fact that the terminal nitrogen atom of the

e Cpas
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JEGHN QL (68%)
1 1
Scheme 2.

hydrazonato group is more electronegative than that of
amines, and the As-N bond is therefore better stabi-
lized.

The elimination of one equivalent of the free amine
in diamino cyclopeniadicnyl arsanes results in the for-
mation of imino arsane intermediates which oligomerize
leading to either octa- or tetracyclic compounds 4-6;
this is also consistent with the results from other re-
search groups. Kokorev et al. reporied a series of ar-
senic tri- and pentavalent compounds formed via imino
arsenic derivatives [8-11]. Whether a dimeric, trimeric
of tetrameric compound is formed depends on the steric
properties of the imino compound. In the case of steri-
cally less hindered species the formation of macrocyclic
compounds predominates: in the reaction of AsCl, with
MeNH, a trimeric species is formed [12]: 1 reacts with
NH, to give the tetramer 4. When a primary amine or
the arsenic dihalide derivative bear sterically demanding
substituents the formation of dinzadiarsetunes is ob-
served: the reaction between AsCl, and r-BuNH, [13],
{ p-BrC H JASCI, and PhNH, [8] as well as that of §
or 2 with MeNH, gives rise to the dimeric products
(Scheme 3). It should be noted that the oligomerization
processes in our studies proceeded in concentrated solu-
tions or even in the absence of a solvent so thut the
influence of the substituents at the aesenic and the
nittogen atoms on the oligomerization grade would be
dominating. We expected the tformation of  dimeric
species in dilute solutions as more favourable also for
sterically less hindered imino  derivatives, eg. for
[Cp°As=NH]. However, a product isolated from dilute
toluene solution is identical to 4.

Compounds 4=6 are colourless (4) or yellow (8, 6)
crystalline solids, stable for several hours in air and
melt with decomposition. In the mass spectrum of 4
(A = 900.66) v peuk at 435 is assigned o the
(Cp "As),NH fragment: a signal of the monomeric unit
at 225 appears with low intensity of 0.5%, while Cp~ is
the buse peak. In the cuse of § and 6 the fragmemation
patterns are very similar 1o cach other: abundant charac-
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teristic fragments are due to the loss of cyclopentadienyl
substituents at the arsenic atom; the base peak again
corresponds to the cyclopentadienyl ligand. 'HNMR
spectra of 4 and 5 consist of sharp singlets for the
protons of the Cp° ligands at 2.11 and 1.91 ppm and of
those of the N-H and N-Me groups at 2.92 and 2.70
ppm, rcspectively. This is in accord with a fluxional
behaviour in solution. Low temperature measurements
(up to —90°C) could not resolve any rigid structure.
The fact that only two singlets are observed in the NMR
spectra of § is indicative for the formation of only one
isomer of the diazadiarsetane: two isomers are possible,
viz. one with trans- and one with cis-orientation of the
cyclopentadienyl substituents at the arsenic atom. As-
signment of § 10 a frans or a cis isomer is not possible
solely on the basis of NMR data, but an X-ray structure
study revealed the formation of' cis isomer (vide infra).
As expected. NMR spectra of 6 show a rather complex
picture; in this case not only ¢is and trans, but also
positional isomerism at the cyclopentadienyl ligand is
possible. The appearance of only one signal in the
vinylic region indicates the initial formation of one
isomer (frans, according o an X-ray structure study)
containing the hydrogen atoms in the vinylic positions
of the cyclopentadieny! ligands. On heating the sample
(2 b at 60°C) or allowing 10 stand at room emperature
for some days, an additional signal appears in the
vinylic region and a new set of signals is observed for
the protons of the isopropyl groups. The integral inten-
sity of the vinylic protons decreases dramatically, indi-
cating that the isomer with the hydrogen atom in the
allylic position of the cyclopentadienyl ring predomi-
nates, at least in solution. This is in agreement with
semiempirical MO caleulations for (C,i-Pr,H)AsCI,
where an isomer of the type mentioned above is favoured
over isomers with vinylic hydrogen atoms, although one
of them is found in crystals [14,15). Four doublets of the
protons of the diastereotopic methyl groups and two
septets of the methine protons in the 'HNMR spectrum
of 6 at — 50°C are consistent with a stracture possessing
miirror plane symmetry.

2.2. Monoamido substituted arsaney 7=9 and their elim-
ination reactiony

In contrast to reactions of 1 und 2 with sterically
non-hindered primary amines monosubstituted amido

derivatives are obtained when 1 reacts with an excess of
-BuNH, or NaN(SiMe,), (Scheme 4). We expected
compounds 7 and 8 to be suitable model substrates for
elimination reactions: 7 should react with strong bases
upon elimination of HCl and 8 contains as a potential
leaving group Me,SiCl, both yielding kinetically stabi-
lized imino arsanes. However, our attempts to eliminate
Me;SiCl by heating THF or toluene solutions of 8 for
several hours did not result in the formation of any
detectable imino species. 8 is stable rowards prolonged
heating in THF; decomposition takes place when 8 is
maintained under reflux in toluene for more than 10 h,
giving Cp, as the only identifiable product. Therefore,
we decided to synthesize the fluorine substituted ana-
logue of 8, viz. Cp’AsFIN(SiMe,),] (9) (9 is easily
obtained either from Cp " AsF, (3) and NaN(SiMe,), or
from 8 and Cp,CoF), assuming that Me,SiF will be
eliminated at temperatures well below the decomposi-
tion point. Again, only a slow decomposition reaction is
observed when the mixture is heated at 110°C. thus
indicating a rather high stability of the silicon-nitrogen
bond.

Iu contrust, 7 reacts with strong buses as lithium or
sodium silazides resulting in the formation of the corre-
sponding imino arsane intermediate which dimerizes
quickly 10 give digzadiarsetane (Cp°AsNr-Bu), (10)
even at = 20°C. Qur attempts 1o carry out the elimina-
tion reaction at temperatures below - 20°C were unsue-
cessful: either no reaction ook place or the use of
stronger bases such as LiNG-Pr), or r-Bul.i resulted in
the splitting of the As~C bond. Reaction of 7 with
Me,SnNEL, proceeds smoothly giving a stannylated
intermediate which is stable at 0°C and could be charac-
terized by 'HNMR spectroscopy: when the reaction is
carried out at room temperature 16 is formed quantita-
tively (Scheme 5). This result supports our claim that 10

“5,':.5.!!‘_".’!. Cp*AsCINHEBU) (N
- LBUNRS'CI
89%
CpAsCly
H(BiMe
LR CprascimsMen: ®)
- NuCi
g%
Scheme 4.
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is formed via an imino arsane since the elimination of
Me,SnCl from the stannylated intermediate will obvi-
ously proceed intramolecularly,

Compounds 7-10 are characterized by analytical and
spectroscopic technioues. El mass spectra of 7-9 ex-
hibit a characteristic fragmentation pattern. From the
molecular ion peak a sequential loss of amido sub-
stituents and the halogen groups is observed. For 8 and
9 there is also a signal at m/z 297 which is assigned to
the Cp°As=NSiMe, fragment; base peaks are due to

arsetane 10 could not be observed even under mild
ionization conditions (20 eV) or in the FD mass spec-
trum, but the fragmentation pattern is consistent with a
dimeric structure. NMR spectroscopic studies reveal no
peculiarities: for all Lompoundq a r.\pld elc.mentotroplc
rearrangement of the arsenic moiety is observed. 'H and

“CNMR spectra of 8 and 9 show a hindered rotation of
the (Me,Si),N group around the As-N bond: in the
case of 8 there is a broad signal of the Me,Si group
protons at 0.16 ppm at room temperature which is split
into two singlets at 0.37 and 0.04 ppm at 0°C. This

the Cp*

ligand. The molecular ion peak of the diazadi-

Table 1

Crystal datu, data collection, structure solution snd refinement parumeters for 4=8

Compound 4 5 6 7 3

Formula CuHo AN, Ci:Hi AN, Cyv.H, AN, C, H, ASCIN C o H W ASCINSI,
Colaur, habit colourless, prism yellow, prism yellow, prism yellow, prism yellow, nugget

Crystal size (mun)

0.20 x 0,16 x 0,12

042 x 016 %012

Crystal system trichinic monocline
Space group Pi.z2=2 P/ 24
utA) 11.5376(2) AR 1)
a %) $0.099(1) 1]
hA) 102340 1IRONA Y
101, 2971
By 67.6201)
¢ (A) 14.99401) 15.560001)
y %) §9.063(1) )
Volume (AY) 2081,9%(5) 23190(5)
Abs, cooff. (™) 4,214 2472
Ditfractometer Siemens SMART Siemens SMART
Temp. (K) 150.002) 130.002)
Radiation (A) graphite monochrmatized Mu K a {0.71073)
Yiwan moile rseans RN
#=fange (°) 149 to 26,00 1.78 10 27.49
Twdex ranges ~Hghe 1} =% h s
=17Tgk<£6 =N el
=19gig 19 =X <g s
Reflections collected 13808 16643
Independem reflections 8179 bR
Absorption correction  empivical unatytical
Min. /max. transm 0512,0.75 0484 70732

Sotution

direct methods

direct methnds

Refinemem full-myatrix Jeast-squares on #°

Data/ / parameters TR6R 7690 SR /343
Slon F) 1137 0,989

#0015 2a(d) 006015 0.0282

wity all data) 0.1691 00746
Ditfraction peaks 2332t As)/ 0458 (at As)y/
eA™") =482 ={0.522

0.35 x (1,20 x 018

040 % 0,30 x 0,30

0.0 x 0.20 x 0.20

Hehinic monoclinie monoelinic
Pi. 2= P, /n, 2 =4 P/ 2=
K56 IR b4t 1) KON
L0967 9 W)
K. 79050 (I R} 19 B3 4D
94.77:7) 91 34(1) VML 2801
13. 30801 §4.000 3) 122310
10,8700 7) AU W)
YD 18572 8(5) JEAMLID
§.R30 23 1829
Swemens B4 Encal-Nonius CADY Siemens P4
DX REK pq) AR B))
WRNWARN W/ 2 B-scans W SCANS
1.87 10 27.50 18710 2350 0550 230
M EYESE 1 2h=? 'vl,-;;ias;:‘)
-ilgd=sl0 Mk 0 Y
~175l5 17 Dsiz s ~ s lg 4
S 24 424
4167 206 38
wone cmparical none

direct methuds

0.245 20,601
divect methuds

Panterson methods

41677097 B/ i167 IS5 /322
[Ki1 R 1.084 0.9

00364 04389 (0334

D0 O 00 00787

0.407 Cat An)/ 0.020 (at As)/ QARY (at Asd/
=-0.37 ~{).525 - (.370
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process is more rapid in 9 (the coalescence temperature
is below —60°C), which is probably due to the weaker
steric interaction between the Me,Si groups of the
amido fragment and the fluorine atom.

2.3. Crystal structures of 4-8

Single crystal structures of five amido arsenic com-
pounds were determined by X-ray diffractometry. Ex-
perimental details of the crystal structure investigations
are summarized in Table !. characteristic geometric
parameters in Table 2.

(Cp"AsNH), (4)
Two independent molecules are in the asymmetric
unit of 4 which have nearly identical geometric parame-

Table 2 .

Selected bond length (A) and angles (°) for 4-8

4

Ast-N(D 1.8JO(S)  NUI-As(1)=N(2) 101.1(2)
Ast1)-N(2) 1L874(5)  NID-As(D-CAOD 98.0(2)
AstN-CU D 2043(6) N(2)-As(1)--C(1 1) 100.1(2)
N(D-As(2u) 1.873(5)  AM1)=-NUi-As(2a)  127.43)
As(2)-N(2) LRSBS)  N(2)-AsM2)-N(1w) YR.7(2)
AM)-NOa) LR7MS)  NQ)-A-CD Y8.H3)
Ast2)-C2D 2087 NUa-AL)-CQ21) 10253
Ast)-As(20) an AN(D)-N(2)-As(1) 116.9(3)
As(1)-As(2) 332

8

Ax(1)-N(1) LERS(2)  NOD-AS(D-CU D 105.87(9)
AstD-N() LH8S?)  NQ)-AS(ND-CU D 103.75(9)
AsD-CUD L0512 CUD-AUD-AS2) 124460
Asth-CG2) 2606 N-AL-N(D 79.34K)
AsU-CUES) 20734 NQ-A-CQIAY - 101 1D)
Ast1)-Ast) JHO2UD NU-AS-C2IA) - 0K
AS-N(2) LA CQ-NOD-=-As(D) 1K 7C2)
Axt2)=Ni 1) LEEXD)  COU-NOD-AMD) HR)
As(2)-CQIA) 20070120 AsUD-=NO - As(D) 95.92(R)
A-CLA) 2074 CU2-N-AM2) 121.:42)

26112 CAD-N)-ALL)
Ax(2)-NQ)-As(1)

122.92)

V6. 1Y)

AQQ)-C(25A)
N AS(D-N2) 79.38(8)

6

NCE)- As(l) LRSI CLD-NUD-As(D 126.57018)
N1 Astia) 1L86S(2)  CON=NU)-As(ln) 131.449(18)
As(1)-NQl) 1.865(2)  AstD)=N(1)-AsCla) 1018700
AND-CULD 2164(2)  N(D-As(1)-N(la) 7H.13010)
As(h-C012) 2.68203)  NUD-As(D)-CUD) 109.32010)
As(1)-CUS) 2606030 NUa-A1)-C(11)} 103420000
As(1)-As(1a) 2.8850(0)

7

As(1}-N(1 LRO2A3)  N(D-=-AS(D-C() 9877014}
As(1)-C(1) 2.018(3)  N(1)-As(1)-CIt1) 99.89(10)
As(1)-C(2) 26458 CO-As(1-CHI) 99,25010)
As(1)-C(5) 2.738(6)  CU-N(1-As(1) 123.9(2)

As(D-CItY) 230010110 COD-NHD-H HIY)

Ni1)-C11) 1ABIY  AsCH-NOD-H(D 116(3)

8

As(D)-N(D 1.R74(3)  NUD-As(D-CID Y8.23(9)
As(1)=C(1) 20713 CD-As(D-CIL) 98.64010)
As(1)-C(2) 2.66H6)  Si(2)-N(1)--Sill) 118.4(2)
As(1)-C(5} 2017(58)  Si(2)-NOD-As(1) 126.6(2)
As(D-CKD 2.2588(11) Si(H)-N(1)-As(H) 112.06(14)

N(D=As(1)--C() 110.35(12)

ters so that our discussion is restricted to only one of
them: a mulecule of 4 is shown in Fig. 1. The macrocy-
cle adopts a “‘long-chair” conformation of the eight-
membered ring [16] with alternating substituent orienta-
tion at the arsenic and nitrogen atoms. Due to the
centrosymmetric arrangement of the molecule the nitro-
gen and the arsenic atoms form two planes which
intercept with an angle of 11° The different angles
As(1)N(1)As(2a) and As(2)N(2)As(1) of 127.4(3)° and
116.9(3)°, as well as N(1)As(1)N(2) and N(2)As(2)N(1a)
of 101.1(2)° and 98.7(2)°, respectively, show a different
geometry of the atoms in the *‘backs’" [As(1a)-N(la)-
As(2)-N(2) and N(2a)-As(2a)-N(1)-As(1)] and in the
“seat” [As{1a)-N(2a)-As(1)=-N(2)] of this *‘chair’".
The coordination of the cyclopentadienyl ligand to the
arsenic atom can be described as a primary g-coordina-
tion with averaged As-C distances of 2.05 A and weak
asymmetric intramolecular contacts to the neighbouring
carbon atoms ranging from 2.78 to 2.99 A exhibiting a
pseudo-n°-coordination. This value is considerably
larger than in the reported pentamethylcyclopentadienyl
arsenic compounds ([1] and vide infra). The As~N bond
lengths with 1.85 A are in the “‘normal’ range for
arsenic amides [8,13). The sum of angles at the arsenic
atoms of ~ 300° indicates a strong ‘s’ -orbital charac-
ter of the lone pair a1 the arsenic atom. Short intra-
molecular contacts are found between As(1)-As(2a)
and As(1)~As(2) with 3.17 and 3.32 A, respectively:
the swa of the van der Waals radii is 3.7 A [17].

(Cp“AsNMe), (5) and [(Ci-Pr,H)AsNMe], (6)

Molecular representations of diazadinrsetanes 8 and 6
are given in Figs. 2 and 3; two different ring conforma-
tions are shown in Fig, 4. 8 and 6 ceystallize as <is and
frans isomers with respect o the orientation of the
cyclopentadieny! ligands at the arsenic atoms. The for-
mation of only one isomer of each compound is also
confirmed by NMR spectra of freshly prepared products
(see above), Smull AsNAs angles with 96” und 1027 as
well as those of NAsN with 80° and 78 are indicative
for a strained diazadiarsetane skeleton. A fourmembered
ring of 5 possesses a ‘butterfly-like” conformation
with a dihedral angle between the As(1N(IAS(2) and
As(1N(2)AS(2) planes of 145 In contrast,  the
fourmembered ring in 6 is ideal planar due to the
erystallographic inversion syminetry. Both types of con-
formation are documented in  the literature: e.g.
[ClAsN7-Bul, [13] adopts a conformation similar to that
found in § while for [(4-Br-Ph)AsNPh], [8] a rrans
arrangement of substituents at the arsenic atoms and
therefore a planar AsNAsN ring was observed. Analo-
pous pentavalent arsenic amides also exhibit a ncarly
perfect planar conformation of the AsNAsN moiety
[18.19].

The coordination geometry at the arsenic atoms of
both complexes 15 distorted tetrahedral with cyclopenia-
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Fig. 2. View of 4 molecule of § with atomie numbering scheme. The thermal elbpwids are scaled o the SO probability level, The winor
vompanent of the disordered Cp ligand is depicied by boundary elipses.

Fig. X View of o molecule of & with atomic numbenng scheme. The thermal clhipsoids are sealed 0 the S0% probubility level.
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Fig. 4. Conformation of the diszadiarsetane ring in § () and 6 (b,

dieny! ligands bound in a pseudo-n'-fashion. The dis-
tances As(1)-CO2) and As(-CUS) of 2.61-H3) and
26730 A in 8, and 2.682(3) and 2 606(3) A in 6 are
shorter than in 4 and abow 0.13 A longer than in
Cp AsX, |1 One of the eyclopentadienyl lipands in §
was found 10 be disocdered with 57% and 43% oceupa-
tonal sites, The As=-N bond lengths of 189 and 1.86 A
in 8 und 6, respectively, are similar 1o those of 4 und of
other reported wsenic amides [8.13) The intramolecular
As—As contacts in § and 6 are considerably short: the
values 2.8029(3) and 2.8850(6) A for § and 6 are by 0.8
and (.9 A smaller thun the sum of the van der Waals
radii (3.7 AY[17] and only by 0.4 A larger than a typicul
value for a single As--As bond (2.45 A) [20]. In some
compounds with sterically demanding substituents an
As=As single bond distance may reach values even up
t0 2.55 A [21). These differences betv.een As-As dis-
tances in 5 and 6 can be explained by considering the
packing of AsNAsN rings: in a more compact " but-
tertly’” conformation the arsenic atoms are positioned
closer 1o each other than in the (lat ring in 6. Analoguous
observations were made for [CIAsNs-Bu], and [(4- Br--
PWASNPh], with As—As contacts of 2.77 and 2.88 A.
respectively [8,13).

Cp "AsCI(NHr-Bu) (7) ond Cp'AsCl[N(SiMe,)J] (8)

Crystal structures of two monoamido derivatives of

arsenic cyclopentadienyls have been determined by X-

Fig. 5. View of a molecule of 7 with atomic numbering scheme. The
thermal ellipsoids are scaled o the 50% probability level.

ray diffractometry. Molecules of 7 and 8 are depicted in
Figs. 5 and 6. The coordination geometry around the
arsenic atom in both comipounds is a distorted tetrahe-
dron with the sum of angles at the arsenic atom of
297.9° and 307.2°, respectively, which is again indica-
tive for an high contribution of the **s""-orbital to the
lone pair at arsenic. The difference between the sums of
angles of about 10° is probably due to a weaker steric
interaction in 7 than in 8. The angles N(DAs(DC(1)
with 98.8(1)° and 110.4(1)° also support this conclusion.
The distances As(D-C(1) of 2.018(3) and 2.071(3) A
are in good agreement with other arsenic cyclopentadi-
enyls [1] From the orientation of the As(D)=C(1) bond
w the cyclopentadienyl ligand we conclude that the
arsenic atom s bound in 4 pseudo-7 fashion with a
primary «-As - Cinteraction and two short contacts

Fig. 6. View of a molecsle of B with atona nwhering scheme. The
thermad ellipsoids aren scaled to the 50% probability level,
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As(1)-C(2) and As(1)-C(8) in both compounds. in
contrast to the recently reported pentamethylcyclopenta-
dienyl arsenic dihalides [1] these interactions are not
anymore as strong and as symmetric. The bonds As(1)-
C(2) in 7 and As(1)-C(5) in 8 with 2.645(5) and
2.617(5) A are somewhat shorter than As(1)-C(5) in7
and As(1)-C(2) in 8 with 2.738(6) and 2.668(6) A,
respectively. The As-N distances show no deviations
from the compounds described above, the sum of angles
at the nitrogen atoms of 351° and 357° indicates an
aimost planar geometry which could be forced either by
steric repulsion between sterically demanding sub-
stituents or by electronic interactions of the nitrogen
atom with the arsenic (7 and 8) and silicon (8) atoms.

3. Conclusions

Arsenic amido compounds of the type (Cp’'AsNR),
can be synthesized by simple substitution reactions
between cyclopentadienyl arsenic dihalides and an ex-
cess of a non-bulky amine. The reaction proceeds via an
imido arsenic intermediate which oligomerizes to ar-
senic nitrogen heterocycles. In the case of bulky amines
monosubstituted derivatives can be easily obtuined: the
reaction of these compounds with bases also leads to
arsenic heterocycles. The fact that 8, 6 and 10 are
obtsined as single isomers is explained by steric interac-
tions which are responsible for the formation of isomers
of diazadiarsetane. The different nature of the sub-
stituents at the arsenic atom seems to be the dominating
factor, probably due 10 short As=As contacts, In the
case of 8 the repulsive interactions between the smaller
pentamethyleyclopentadienyl  substituents  should  be
weaker thun in the case of the tetraisopropyleyclopentu-
dieny! analogue which is formed as a rrany isomer with
respect to the orientation of the cyclopentadienyl lig-
ands. The strained diazadiarsetane skeleton is kineti-
cally stabilized in 8, 6 and 10. Compound 4 was
isolated as u tetramer, even from dilute solutions, indi-
cating that a fourmembered ring of dinzadiarsetane with
smalter substituents at the nitrogen atoms can undergo a
ring scission yielding a thermodynumically more stuble
eightmembered cycle,

4. Experimental section

All manipulations were perfurmed in un atmosphere
of dried, oxygen-free argon using standard Schlenk
techniques; solvents were appropriately dried and satu-
rated with argon. Cp AsCl, (1), (Ci-Pr,H)AsL, (2)
and Cp " AsF, (3) were prepared according to the litera-
ture procedures {1,21), all other reagemts were commer-
cially available.

NMR spectra were recorded on Bruker AC 300 and

AMX 500 spectrometers at 300 and 500 MHz for 'H
and 75 and 125 MHz for 'C, respectively, using the
protio impurity of the deuterated solvent as the refer-
ence for 'H spectra and the 3C resonance as a reference
for *C NMR spectra. Mass spectra (EI-MS) were meas-
ured on a Varian CH-7a MAT instrument using electron
impact with an ionization energy of 70 eV. Elemental
analyses were performed by the microanalytical division
of the Fachbereich Chemie, Philipps-Universitit Mar-
burg.

4.1. (Cp*AsNH), (4) *

NH, (~ 30 ml, liquid) was condensed at —40°C into
a 250 ml Schlenk vessel containing ~ 100 ml Et,0. A
solution of 2.81 g (10.0 mmol) of CpAsCl, (1) in 50
ml of Et,O was added to an Et,0/NH, mixture at the
same temperature. An immediate precipitation of
NH; Cl~ was observed. The reaction mixture was stirred
at room temperature overnight, NH;Cl™ was filtered
off and a c¢lear, yellow solution was obtained. All
volatiles were removed in vacuum leaving a colourless
solid. Recrystallization from THF at —30°C gave 2.21
¢ (98%) of 4 as colourless crysuals; m.p. 140°C (de-
¢omp.). Anal. Found: C, 53.56; H, 7.25: N, 6.19.
CHa Ny As, (900.66 ¢ mol ') Cale.: C, 53.34; H,
7.16; N, 6.22%. EI-MS, m/z (rel. int. %, ussign.): 43§
(1.5, (Cp~As)sNH), 225 (0.5, Cp AsNH), 135 (100,
Cp*). "HNMR (300 MHz. CDCI,, 25°C): 292 (s, 4 H,
~NH), 2.1 (s. 60 H. Cp "), "C NMR (75 MHz, CDCI,,
25°C) 1222 (Cq . Cp* 1 109 (Cy .. Cp 7 )

4.2 (Cp" AsNMe), (8)

Gaxeous MeNH , (obtained from 14 g of MeNH Cl
and 26 g of KOH) was condensed into a cooled (= 78°C)
solution of Cp *AsCl, (2.54 g, 9.04 mmol) in 50 mi of
Et,0. The reuction mixture was stirred at —=78°C for |
h und then stirred overnight at room temperature. Am-
monium salt was filtered off and all volatiles were
removed from the filtrate in vacuum; a yellow oily
product (2,15 g, 100%) was recrystullized from a-
hexane giving yellow, well shaped crystals (203 p.
94%) m.p 173-176°C (decomp.). Anmal. Found: C,
55.02; H, 7.38: N, 592. C,.H, As.N, (47838 ¢
mol ') Calc.: C, 8524 H, 7.50. N, 5.80%. EI-MS,
m/z (rel. int. %, assign.): 478 (0.0, M*), 462 (1.1,
M™-CH, ) A6 (259, M'=2CH ). 396 (435, M'-

The systematic IUPAC aumes of compounds $=6 are as follows:
4 2.4.0.8-tewal 1.2,3.4.5-pentamethyl-2 d-cyclopentadienyl)-
1.35.7.2. 4.6, 8-1eru-acutetraarsocane: 8 1 3-dimethyl-cis-2.4-
i L2.3.4.5 pentaracthyl-2 d-cyclopentadienyl)- 13,2 4-dinzadiarsetane;
6: | 3-dimethyt erans-2.4-4i1.2.3, d-eteacisopropyl-2,4-cyclopenta-
dienyl)-1.3.2 4-dinzadiarsetune.
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C,H,). 343 (31.8, M*-Cp"), 285 (61.5, M*~Cp"-
2NMe), 208 (129, [AsNMel,). 135 (100, Cp-).
'HNMR (300 MHz. C, D, 25°C): 270 (s. 6 H. NCH ),
1.91 (s. 30 H, Cp*). "CNMR (75 MHz. C, D, 25°C):

123.0 (Cq, Cp*), 37.9 (NCH,). 11.3 (C,,.. Cp* ).
4.3. [(C,i-Pr, H)AsNMel, (6)

Compound 6 was obtained according to the proce-
dure as described for §, but using (Ci-Pr,H)Asl, (2) as
starting material: (C,i-PryH)Asl, (209 g, 3.72 mmol),
MeNH, from 1.50 g of MeNH;Cl and 10 g of
NaOH. Yellow crystals (1.17 g, 1.73 mmol, 93%): m.p.
190-192°C (decomp.). Anal. Found: C, 63.96; H. 9.70;
N, 427. C, H,,As,N, (674.76 ¢ mol™") Calc.: C,
64.08: H, 9.56; N, 4.15%. EI-MS. m/z (rel. int. %,
assign.): 441 (23.0, (C,i-PryH)As,(NMe),). 337 (0.7,
(C,i-Pr,H)AsNMe), 233 (13.0, C,i-Pr,H), 208 (21.0,
[AsNMel,), 107 (100, C,H,,). '"HNMR (500 MHz,
toluene-d,. 30°C), mixture of 3 isomers: 6.11, 593 (s, s,
H,,). 3.1-23 (set of muliiplets, CH(CH,), + H ).
3.02, 2.74, 2.20 (3x s, NCH,). 1.4-1.05 (set of dou-
blets, CH(CH,),). '"HNMR (500 MHz. toluene-d,.
=50°C) only the signals of the isomer with the hydro-
gen atom in the allylic position of the cyclopentadienyl
ring are given here: 3,08, 2,75 (m, 8 H, CH(CH,)), 3.04
(s, 2 H. H ). 2,18 (s, 6 H, NCH,), 1.36, 1.30, 1.12,
1.08 (d, 48 H, CH(CH ,),).

4.4. Cp* AsCUNH1-Buw) (7)

+BuNH, (2.0 g, 27.3 mmol) was added via a syringe
1o an etherial solution of Cp “AsCl, (1,31 g, 4.66 mmol)
ab room  lemperature: immediate precipitation ol the
ammonium salt was observed, The reaction mixture was
stitred for 20 min at room temperature. Alter tiltration
and removal of all volatiles in vacuum a light yellow
crystalline product was obtained (1.48 g, 100%) m.p.
74-75°C. Anal. Found: €, 52.24; H, 7.68. N, 4.57.
C, H3ASCIN (31772 g mol ') Cale.: C. 52.92: H,
7.93: N, 4.41%. EI-MS, m/z (rel. int. %, assign.): 317
(1.0. M*), 282 (24.1, M*=CD), 261(31, M " ~r-Bu), 246
(22.3, M*-/BuNH), 183 (56, M'-Cp"), 135 (100,
Cp*). "HNMR (300 MHz, C,D,, 25°C): 3.05 (s, | H.
NHC(CH,),), 1.82 (s, IS5 H, Cp™) LI (s, 9 H,
NHC(CH ),). "CNMR (7§ MHz, C D, 25°C): 1284
(Cqg. Cp'), 536 (Cqg. NHC(CH,) 324 (Cy,.
NHC(CH ,),), 114 (C .. Cp ).

4.5. Cp ' AsCHN(SiMe ), | (8)

A solution of NaN(§iMe,), (1.90 g. 10.4 mmol) in
THF (50 mb) was added dropwise 10 an etherial solution
of CpAsCl, (291 g, 10.4 mmol) at 0°C. The reaction
mixture was allowed 10 warm to room temperature and
to stir overnight. After filtration and removal of all

volatiles in vacuum an oily, quickly solidifying product
was obtained. Recrystallization from small quantities of
n-hexane gave large yellow crystals (3.82 g, 91%). m p.
49-51°C. Anal. Found: C. 47.56: H, 7.84: N, 337
C,H 1, AsCINSi, (405.98 g mol ') Calc.: C, 47.34; H.
8.19; N, 3.45%. EI-MS, m/z (rel. int. %, assign.); 403
(09, M*), 317 (i8, M"-SiMe,), 297 (42, M*-
Me,SiCD, 135 (100, Cp*). 'HNMR (500 MHz.
toluene-d,, 25°C): 1.71 (s, 15 H, Cp*), 0.16 (br. s, 18
H, Me,Si). '"HNMR (502 MHz, toluene-d,. 0°C): 1.73
(s, 15 H, Cp’). 037 (s, 9 H, Me,Si). 0.04 (s, 9 H,
Me,Si). "CNMR (125 MHz, C,D,, 25°C): 1254 (Cq,
Cp*) 11.9(Cy,..Cp*), 5.58 {(br. 5, Cy,, Me,Si).

4.6. Cp* AsFl(SiMe ), ] (9)

(a) Compound 9 was obtained according to the pro-
cedure as described for 8 using Cp*AsF, as starting
material: Cp"AsF, (0.66 g. 2.66 mmol). NaN(SiMe,),
(0.48 g, 2.66 mmol). Crystallization from n-pentane at
- 30°C: colourless crystals (0.66 g, 64%); m.p. 41-
45°C.

(b) 9 was also obtained from the reaction of 8 with
one equivalent of Cp,CoF [22): an etherial solution of 8
(1.17 g, 2.80 mmol) was added via a syringe 10 a stirred
suspension of Cp,CoF (0.6 g, 2.88 mmol) in Et,0 (50
wi} at room temperature. The colour of the reaction
mixture changed from green to yellow within 30 min.
The mixture was stirred overnight and filtered through
celite. After removal of the solvent in vacuum a yellow
oil was obtained which was crystallized with small
quantities of n-pentane. Yield: 0.72 g (64%). m.p.
39-44°C. Anal. Found: C. 4899, H, 8.85. N, 3.27.
C o H  ASENSi, (389,54 g mol ') Cale.: €, 49.33; W,
.50 N, 3.60%. EL-MS, m/: (rel. int %, assign.): 389
(0.2, M) 370 20, M'<F), 317 (4.5, M'=Me,81),
297 (8.3, M'-Me,SiF), 162 (75.2, N(SiMe,), ). 135
(67.8. Cp ). 120 (100, Cp* ~Me). ' HNMR (500 MHz,
toluenead,, 25°C): 1.79 (s, 15 H, Cp* ), 0.34 (s, IR H.
Me,Si). "HNMR (500 MHz. toluene-d,, =60°C): 1.82
(s, 1S H, Cp*) 041 (s, 9 H, Me,Si), =002 (s, 9 H,
Me,Si). ""CNMR (125 MHz, toluene-d,. 25C). 124.5
(Cq. Cp* ) 11.2(Cy,,. Cp ') 5.3 (Cy,.. Me,Si).

4.7 (Cp" AsNe-Bu), (10)

(1) From Cp AsCINH-Bu) (7) and NaN(SiMe,),.
A solution of 7 (0.22 g, 0.95 mmol) in 25 ml of E1,0
was added via a syringe o a solution of NaN(SiMe,),
(0183 g, LO mmob in 20 ml THF at - 20°C. The
reaction mixture was stirred for 2 hi a precipitate of
NaCl was filtered off. All volatiles were removed in
vacuum at ~ 20°C. the oily residue was investigated by
NMR spectroscopy at = 20°C. However, no difference
was observed when the sumple was handled at room
temperature; a mass spectrometric study showed that the
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obtained compound was the dimer 10. Yield: 0.55 g
(Y8%). Anal. Found: C. 59.21: H. 8.34: N, 5.07.
C. H  As,N, (562.55 g mol ') Calc.: C, 59.78: H,
8.60: N. 4.98%. EI-MS, m/z (rel. int. %. assign.): 543
(3.3, M*=C,H,)L 514 (2.1, M*~-Bu), 395 (6.2, M™—
-Bu-C.Me,). 320 (5.8. M*-AsC Me,~+-Bu), 135
(100, Cp*). 'HNMR (500 MHz. toluene-d,. —20°C);
1.85 (br. s, 15 H, Cp~), 0.9 (s. 9 H, NC(CH,),).
'*CNMR (125 MHz, toluene-d,. —20°C): 125.6 (Cq.
Cp’). 51.2 (Cq. NC(CH,),), 33.3 (Cy.. NC(CH,;),).
12.02(C,..Cp’).

(b) From 7 and Me,SnNEt,. Me,SnNEt, [23] (0.22

g. 0.95 mmol) was addcd via @ syringe to an etherial

solulion of 7 (0.30 g. 0.95 mmol) at 0°C: the course of

the reaction was monitored by NMR spectroscopy.
Within | h the reaction was complete giving a stanny-
lated intermediate Cp°AsCEN(SnMe,)r-Bu}: 'HNMR
(300 MHz, THF-d,, 0°C): 1.75 (s, IS H. Cp~ ). 115 (s,
9 H. NC(CH,),). 0.15 (s, 9 H. Me,;Sn). The reaction
mixture was allowed to warm to room temperature and
1o stir overnight. After removal of all volatiles in vac-
num (also most of the Me,SnCl) an oily product was
obwzined with an impurity of Me,;SnCl. NMR spectro-
scopic dutz are identical to 10.

4.8, Cp AINHN = CPh, ), (1)

A solution of Ph,C=NNH, (0.74 g. 2.80 mmol) in
THE (10 ml) was added dropwise to a solution of
Cp"AsCl, (0.54 g, 1,90 mmol) in THF /E1,N (50 ml,
1o D) at room temperature; immediate formation of am-
momum salt was observed, The mixture was stirred for
30 min and then filtered through celite. All volatiles
were removed in vacuum and a colouress microerys-
talline residue was recrystullized from THF giving 0.77
g (68%) of 11 m.p 62=65°C. Anal. Found: C, 71.15:
H. 6.54: N, 9.36. C , H , AsN, (600.22 g mol ) Cale.:
C. 7197 H, 6.21: N, 9.33%, EL-MS, m/: (rel. int. %,
assign.): 434 (0.8, M*=CPh,). 405 (5.1, M-
NHN=CPh,), 332 (55.3. Cp- NNCPh ). 269 (231,
ASNNCPR, Y. 135 (100, Cp'). 'HNMR (300 MHz.
C.D,. 25°C): 7.62 (dd, 4 H. pC HL 7.07-699 (m,
16 H, o- and m-C_H,). 6.64 (x. 2 H. NHN=CPh.).
162 (s 15 H.Cp- . "C NMR (78 MHz., CoDy. 25°C);
1469 (Cy. -C=N-=) 1393, 1340 (Cq. l’h 129.7,
129.6 (=CH. Ph). 128.7 (Cy. Cp ). 126.7 (=CH, Ph),
119(C,,..Cp’ )

4.9. Covsial struviure determinations of 4-8

Tuble 1 summarizes crystal duta as well as details of
data collection and structure determination for com-
pounds 4-8,

Lorentz and polarization etfeets were taken into ac-
count, empirical absorpuion correction (SHELXTL-plus)
was upplied to structures 4 and 7 {231 for compound §

an analytical absorption correction based on face-inde-
xing was applied. For all structures presented in this
paper all non-hydrogen atoms were refined with
anisotropic thermal parameters. For compound § one of
the cyclopentadienyl ligands was found to be systemati-
cally disordered with occupational sites of 0.57 and 0.43
for both components. In the structures of § and 7
hydrogen atoms, except for H(1) at the nitrogen atom,
were placed in calculated positions (d(C-H) =097 A)
and refined using a riding model (U,,, were taken as
1.5U,, of parent C atoms). In the structures of 4. 6. and
8all hydrogen atoms were found from difference Fourier
syntheses and refined in an isotropic approximation,
SHELXS-86 and SHELXL-93 software was used for
crystal structure solution and refinement [25.26).

Further details of the crystal structure investigations
are available on request from the Fachinformationszen-
trum Karlsruhe, Gesellschaft fiir wissenschaftlich-tech-
nische Information mbH., D-76344 Eggenstein-
Leopoldshafen. Germany. on quoting the depository
numbers CSD-4060640 for 4, -406641 for 5, -406642 for
6. -406643 for 7, -406644 for 8. the names of the
authors and the journal citation. For referring purposes
only. the list of compounds:

Cp AsCl, !
(C.i-Pr,H)As, 2
Cp " AsF, 3
(Cp"AsNH), a 4
Cp- A'\NL’IQ)% | 3
J(C i-Pr, H)IASNM], | 6
Cp'A s(“l( NH -Bu) 7
Cp ASCINISIMe ), | b
Cp  AsHINESIMe ). ) 9
(Cp AsNr-Bu), . v
Cp AMNHN=CPh,), v Ll
B
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