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performed under a dry nitrogen atmospheti, 13C, and®*P{*H} NMR
were recorded on a Bruker 200 MHz NMR spectrometer using GDCI
or CsD¢ solution with shifts referenced to SiM& = 0) or external
85% HPO, (0 = 0). Elemental analyses were carried out on a Perkin-
Elmer 240C CHN analyzer.

Caution! All arsenic compounds reported here should be considered
as extremely toxic. Reactions involving these and/or benzene must be
done inside an efficient hood with proper care.
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] ] ) Synthesis of the compounds CIP(O&He,CH,0) (1), CIAS(OCH-
School of Chemistry, University of Hyderabad, CMe,CH,0) (2), (CICH.CMe,CH,0)P(O)(OCHCMe;CH,0) (4), and
Hyderabad-500046, A. P., India, and Anorganische Chemie, CIAs(OCH.CMe,CH.0), (6) have been reported befoté;the com-
Universitd des Saarlandes, 66041-Saaddken, Germany pound (NGHsO)P(OCHCMeCH,0) (3) [mp 51°C; 3P NMR & 113.5]
was prepared by reactingwith equimolar quantities of 8-hydroxy-
quinoline and triethylamine.
(a) Synthesis of the Cyclic Arsenite (NGHsO)AS(OCH,CMe,-
CH20) (5). To2(1.56 g, 7.33 mmol) in dry benzene (30 mL) a mixture
) ] ] of 8-hydroxyquinoline (1.66 g, 7.33 mmol) and triethylamine (1.1 mL)
Several unique stereochemical and conformational preferencesn dry benzene (20 mL) was added dropwise. The reaction mixture
including hexacoordinationia intramolecular S>P donor- was stirred fo 4 h and filtered and the solvent removed. The residue
acceptor bonds have been reported recently for phosphoranesvas crystallized from a mixture of ether and hexane (1:3). Yield: 1.6
with six-membered and higher membered rit§sHowever, g (66%). Mp: 80°C. *H NMR (CeD): 0.41 (s, 3H, El3), 1.35 (s,
as far as arsenic is concerned, the known structural studies for3', CHa), 3.48 (d.J = 8.0 Hz, 2H, OCt, (A)), 4.48 (d, 2H, OC1;
mononuclear penta- or hexacoordinated compounds containing®)): 6:70-8.50 (m, 6HH(Ar)). **C NMR (CeDe): 21.8, 22.9 (s each,
: . : ] CHs), 33.2 (sCMey), 71.2 (s, @H,), 110.6, 117.8, 121.2, 121.6, 127.5,
arsenic as a part of the ring have been restricted only to five- 128.0 136.0 1477 1533
! 4 . ) .0, .0, 7, .3 (aB(Ar)). Anal. Calcd for G4Hi6AS-
membered ring$* A comparative study with analogous

s . u NOs: C, 52.55; H, 5.02; N, 4.36. Found: C, 52.84; H, 5.25; N, 4.54.
arsoranes may give insight into (a) the effect of “d-block () synthesis of the Arsorane (NGHs0)AS(OCH,CMe,CH-0),

contraction® at arsenic and (b) phosphorus chemistry and (7). To 2 maintained at-60°C was added a solution of 2,2-dimethyl-
biochemistry2® Our initial attempts to obtain structurally 1 3-propane diol (1.68 g, 16.17 mmol) aNechlorodiisopropylamine
characterizable pentaoxyarsoranes with arsenic as a part of six{2.20 g, 16.17 mmol) in ether (40 mL) over a period of 15 min with
membered and higher membered rings using oxidative additioncontinuous stirring. The mixture was brought to 3@, stirred

of a quinone or a diol to cyclic arsenites have been so far overnight, and filtered. The precipitate was washed with ether (10 mL)
unsuccessflfl. Since pentaoxyarsoranes can be expected to peand washings a_dde_d to the filtrate. To the combined_ solution_, a mixture
good Lewis acids, one way to stabilize pentavalent arsenic is ©f 8-hydroxyquinoline (2.38 g, 16.17 mmol) and triethylamine (1.64
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Introduction

to make it hexacoordinated by internal coordination. In this 9, 16.17 mmol) in ether was added. The obtained solution was stirred
for 3 h and filtered. Solvent was completely removed from the filtrate

and the residue crystallized from a @H,—hexane mixture (1:4).
Yield: 4.5 g (65%). Mp: 187192°C. *H NMR: 0.71 (s, 3H, El3),
1.01 (s, 3H, @i3), 1.11 (s, 3H, Ei3), 1.16 (s, 3H, El3), 3.38-4.76
(m, 8H, OCH,), 7.22-9.34 (m, 16HH (Ar). 3C NMR: 22.0, 22.2,
22.6, 23.5 (s each,k&), 71.6, 76.0, 78.7, 78.9 (s eachCH,), 111.0,
114.5,121.5, 127.0, 130.9, 140.7, 151.0 (a{Ar)). Anal. Calcd for

paper we report the synthesis and structure of the first hexa-

coordinated arsorane, (NdsO)As(OCHCMe,CH;O), (7), with
1,3,2-dioxarsenane rings and with an internabAs donor
acceptor bond.

Also reported herein is the structure of the tetracoordinated
arsenite (NGHsO)As(OCHCMe,CH,0) (5). The synthetic

methodologies and the reaction patterns for phosphorus andCisH26AsNGs: C, 53.90; H, 6.15; N, 3.31. Found: C, 53.85; H, 6.00;

arsenic are compared.

Experimental Section

Chemicals were procured from Aldrich or from local manufacturers;
they were purified when required. Solvents were purified using
standard procedurés.All operations, unless stated otherwise, were

T University of Hyderabad.
* Universitd des Saarlandes.
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The same compound was also prepared by reacting pu@evith
8-hydroxyquinoline/triethyl amine, but this involved more steps and
the final yields were lower.

(c) Reaction of 3 with 2,2-Dimethylpropane-1,3-diolN-Chloro-
diisopropylamine. To a mixture of3 (1.42 g, 4.12 mmol) and 2,2-
dimethylpropane-1,3-diol (0.43 g, 4.12 mmol) in ether (40 mL)
maintained at-60 °C was added\-chlorodiisopropylamine (0.50 g,
4.12 mmol) in ether (30 mL) over a period of 15 min with continuous
stirring.  The mixture was brought to 3T, stirred overnight, and
filtered, and the solvent was completely removed from the filtrate to
yield an air-sensitive semisol{d(3'P): —67.3,—67.5; use of toluene
as a solvent also resulted in a semisolitH NMR (major signalsca
80%): 0.90 (sca 6H, 2CHs), 3.70 (br d,ca. 4H, OCH,), 6.70-8.50
(m, ca. 6H, H (Ar)). 3P NMR (major signalssa. 80%): —67.3,—67.5
ppm? MS: 379{M}*, 235{P(OCHCMe,CH,0);} *, 221, 208, 200
(?), 191, 16 A P(OHR(OCH,CMe,CH,0)} +, 145.] Over a period of
2 days (from toluene solution), a crystalline solé.(0.1 g), mp 116-
115°C, was isolated.*H NMR spectrum of this compound showed
broad peaks at 1.08 &), 4.23 (d,J =~ 20 Hz, OtH,) and 7.06-9.00
ppm with integrated intensity ratios of oxinate to diol residue:1.

(9) This value is close to théP NMR shift value 66.9) of the product,
ascribable to the pentacoordinated phosphorane ¢Q®,CH,0),P-
(0-2,4,6-MeCgHy), in the reaction of (OCKHCMe,CH,O)P(0-2,4,6-
MesCsH2) with HOCH,CMe,CH,OH/CIN(i-Pr): Said, M. A.; Kumara
Swamy, K. C. Unpublished data. For mot® NMR correlations
see: Holmes, R. R.; Prakasha, T.Rhosphorus, Sulfur Silicoh993
80, 1.

S0020-1669(95)01621-1 CCC: $12.00 © 1996 American Chemical Society



6628 Inorganic Chemistry, Vol. 35, No. 22, 1996

Table 1. Crytallographic Data fob and7

Notes

Table 2. Atomic Coordinates %10% for Non-Hydrogen Atoms in

5 7 5and7
;alrmula GH16ASNO; CioH26ASNOs X y z
321.2 423.33 Compound
T (K) 293(2) 293(2) As(1) 1547(1) 1873(1) 4398(1)
space group P1 P1 Oo(1) 1163(3) 3486(3) 4678(2)
alA 10.013(7) 9.631(12) 0(2) 3062(3) 2118(3) 3588(3)
b/A 10.501(8) 9.969(13) 093) 607(3) 1824(4) 3319(2)
c/A 13.553(9) 11.34(2) N(1) —939(4) 1544(4) 5109(3)
a/deg 86.40(6) 114.38(10) c@) 1387(5) 4474(5) 3899(4)
Bldeg 83.54(6) 106.25(10) c(2) 2829(5) 4474(5) 3402(4)
yldeg 86.87(6) 93.18(10) c@3) 3166(5) 3225(5) 2916(4)
VIA3 1412(2) 934(2) Cc(4) 2923(6) 5543(6) 2578(4)
z 4 2 c(5) 3794(6) 4674(6) 4162(4)
eaiedg c 2 1.511 1.506 c(6) —743(5) 1703(5) 3341(4)
MA 0.710 73 0.71073 c(?) —1314(5) 1710(5) 2480(4)
ulemrt 24.11 18.5 c(8) —2698(5) 1569(5) 2487(4)
F(000) 656 440 c(9) —3516(5) 1419(6) 3355(4)
no of reflens collcd 3859 3286 C(10) —2955(5) 1431(5) 4269(4)
no. of indep reflcns ~ 368Fy = 0.0201)  3286Rir = 0.0000) c(11) —3725(5) 1299(5) 5215(4)
no. of obsd reflcns 2630 & 20(1)) 3036 ( > 20(1)) c(12) —3087(6) 1275(5) 6047(4)
final Rindices R1=0.0375 R1= 0.0445 C(13) —1711(6) 1402(5) 5962(4)
(1 > 20(1)) wR2=.0827 wR2=0.1211 2(121) —1333(? iggg(i) 33?3(?1’)
“RL= 3IFol — IFol/3 IFol; WR2= [STW(F: — FOU/STw(F A7 o 2904i5) L0t So142)
O(5 513(3 1690(3 7708(2
3P NMR: —127.0 (br). Anal. Calcd for gH»3N,O4P: C, 65.40; H, OEG% —203((3)) 2285((4)) 9643((3))
5.45; N: 6.64. Found: C, 65.83; H, 5.10; N, 7.00 (see text). This  N(2) —1705(4) 524(4) 8908(3)
compound underwent rapid hydrolysis in CRGblution to lead to a C(15) 2408(5) 3189(6) 8608(4)
phosphate estepEP) = —14 ppm). C(16) 2203(5) 3344(5) 7520(4)
When5 was treated with 2,2-dimethylpropane-1,3-dibthlorodi- 888 3;:732((2)) %g;g%g)) Z;?ég?)((ig
|so);zropylamlne, no reaction occurred. (19) 2296(6) 4768(6) 7186(4)
-ray Crystallography. Suitable crystals d and7 were mounted c(20) —1563(5) 2445(5) 9717(4)
inside Lindemann capillaries. Data were collected on a Siemens Stoe c(21) —2185(6) 3477(6) 10171(4)
AED2 diffractometer. The structures were solved and refined by c(22) —3588(7) 3633(6) 10280(4)
conventional method9. The details pertaining to data collection and C(23) —4378(6) 2804(6) 9928(4)
refinement are listed in Table 1. The final atomic parameters are listed ~ C(24) —3780(5) 1750(5) 9429(4)
in Table 2. All the non-hydrogen atoms were refined anisotropically. C(25) —4500(5) 825(6) 9009(4)
The hydrogen atoms were fixed by geometry and refined isotropically. C(26) —3827(6) —178(6) 8565(4)
c(27) —2434(6) —298(6) 8542(4)
Results and Discussion C(28) —2371(5) 1546(5) 9337(3)
_ The synthetic routes Ie_ading to compo@dnd? are s_hown As 3686(1)Compoung7137(1) 2222(1)
in Scheme 1 along with those for similar reactions for o(1) 2473(3) 2079(3) 3253(3)
phosphorus. Two important features are discernible from the N 4124(3) 220(3) 2376(3)
Scheme 1. 0(2) 4893(3) 1939(3) 1239(3)
i i _ O3 5138(3 3066(3 3831(3
(a) Whereas the hexacoordinated arsenic compound-(NC 024; 22328 847((3)) o 0((3))
HsO)As(OCHCMe,CH,0), (7) is readily formed from its o(5) 3154(3) 3817(3) 2243(3)
chloro precursor CIAsS(OC)CMe,CH,0), (6), such a route is c@) 2556(4) 1004(4) 3644(4)
not feasible for phosphorus, because the intermediate CIP(OC- ¢c(2) 1826(5) 804(5) 4448(5)
H.CMe,CH,0), most likely forms the phosphonium salt C(3) 2004(5) —381(6) 4798(5)
[P(OCH,CMe;CH,0),] *[CI] ~ which by internal attack of-Cl~ gggg gggg% —igggg ;‘28?5&3
Zr:3 o-carbon of the ring leads to the tetracoordinated derivative (6) 3453() “20(2) 3176(4)
. c(?) 4484(5) —2207(5) 2908(5)
(b) Whereas the P(lll) precursor (NEsO)P(OCHCMe;- C(8) 5107(5) —1948(5) 2077(5)
CH;0) (3) reacts readily with the diol/CIN{Pr),, the reaction C(9) 4923(5) —712(4) 1808(4)
with the corresponding arsenic analodufails completely. The C(10) 6022(5) 3186(5) 1630(4)
3P NMR spectrum of the reaction mixture fréshows a signal g(ll) 7076(5) 3783(5) 3070(4)
; ' - (12) 6210(5) 4269(4) 4055(4)
atca —67.0 ppm attributable to the pentacoordinated derivative ¢ (13) 7948(5) 2613(6) 3249(5)
(NCgHgO)P(OCHCMe,CH,0), (without N—P coordination) on c(14) 8128(6) 5178(6) 3364(6)
the basis of'H and 3P NMR{? however, upon attempted C(15) 1627(6) 1181(6) —376(5)
crystallization, it led to an air-sensitive crystalline compound ~ C(16) 1129(5) 2669(5) 22(5)
with 6(3%P) = —127.0 ppm. The!H NMR spectrum and c@n 2415(6) 3880(6) 985(6)
elemental analysis of this product show that it is not the expected €18 —146(8) 2673(7) >00(10)
Y P pected  c(19) 603(9) 2854(8) —1293(7)

product and is probably H[(N&isO),P(OCHCMe,CH,0)] o S _ ) )
with N—P coordination. hexacoordination persists in solution, we can easily recognize
Compound? can be obtained as an yellow crystalline solid that the two six-membered arsenane rings should be chemically

from dichloromethanen-heptane mixture. Assuming that and magnetically inequivalent; thel NMR spectrum shows
four methyl signals (0.72, 1.02, 1.11, and 1.17 ppm) of equal

intensity and a large number (15 lines, 3-3080 ppm) for the
OCH; protons showing the nonequivalence of these protons and

(10) (a) Sheldrick, G. M. SHELX-86 Acta Crystallogr 199Q A46, 467.
(b) Sheldrick, G. M. SHELXL-93. Gitingen University.
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Scheme 1

o E- A N - °
O/\As<:) ~— 8 >< Ect _E=P >< \P/O NO
6 N E=P(1) N ‘ 3p. 1135
OH E= As (2) OH <
. 3
OH OH
><: CIN(-Pr) ><: CING-Pr)
OH OH 2
E= As =P
T) [Reaction mixture]
[ 31P: -67.0 ppm]
[see text]
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O 7\7& H 6 P: -8.7 (Ref. 6)

Table 3. Selected Bond Lengths (A) and Bond Angles (deg)Sor
and7 with Eds’s in Parentheses

Compound

As(1)-0(1) 1.771(4) As(2Y0(4) 1.790(4)

As(1)-0(2) 1.790(3) As(2}0(5) 1.767(3)

As(1)-0(3) 1.830(4) As(2y0(6) 1.838(4)

o(1)-C(1) 1.442(6) O(4)y C(15) 1.433(6)

0(2)-C(3) 1.433(6) O(5)C(17) 1.420(6)

C(1)-C(2) 1.523(7) C(15)C(16) 1.510(7)

C(2-C(3) 1.510(8) C(16YC(17) 1.528(7)

As(1)-N(1) 2.599(4) As(2¥N(2) 2.606(5)

O(1)-As(1)-0(2) 97.7(2) O(5yAs(2-0(4) 97.6(4)

O(1)-As(1-O(3)  98.9(2) O(5FAs(2-0(6)  99.0(2)

O(2)-As(1)-0(3)  90.1(2) O(4yAs(2)-0O(6) 90.1(2)

C(1)-O(1)-As(l) 119.03) C(150(4)-As(2) 119.7(3)

C(3)-0(2)-As(l) 120.2(3) C(1AO(5)-As(2) 120.7(3)

O(1)-C(1)-C(2) 113.7(4) O(4C(15-C(16) 113.3(5)

C(3)-C(2-C(1)  109.1(4) C(15YC(16)-C(17) 108.9(4)

0(2-C(3)-C(2)  114.3(4) O(GYC(17)-C(16) 114.0(4)

O(3)-C(6)-C(14) 120.6(4) O(6YC(20)-C(28) 121.4(5)

N(1)-C(14)-C(6) 116.8(4) N(2C(28)-C(20) 116.5(5)
N(1)-As(1)-O(1) 84.3(2) N(2)-As(2)-0(6) 74.08(15)

i om o N(1)-As(1)-0(2) 164.12) N(2(As(2-O(5)  80.0(2)

- N(1)-As(1)-O(3) 74.02(14) N(2}As(2)-0(4)  163.3(2)

C(14y-N(1)-As(1l) 102.2(3) C(28YN(2)-As(2) 101.9(3)

Compound?

As—O(5) 1.771(3) As-O(4) 1.781(5)

As—0(3) 1.782(4) As-0(2) 1.789(3)

As—O(1) 1.883(3) As-N 2.045(4)

O(1)-C(1) 1.317(5) N-C(6) 1.341(5)

0(2)-C(10) 1.432(5) 0(3¥C(12) 1.426(5)

O(4)-C(15) 1.398(6) O(5}C(17) 1.434(7)

C(1)-C(6) 1.412(6) C(10yC(11) 1.501(6)

C(11)-C(12) 1.516(6) C(15)C(16) 1.510(7)

C(16)-C(17) 1.474(8)

Figure 2. Molecular structure of. O(5)~As—0O(4) 97.8(2)  O(5rAs—0(3) 94.5(2)

O(4)-As—0(3) 166.30(13) O(5yAs—0(2) 98.4(2)

thus the rigidity of the hexacoordinated structure. It should be 0(4)-As—0(Q2) 90.3(2)  O(3yAs—0O(2) 93.92)
noted here that both CIAS(OGEMe,CHO)S and PhPOCK o3 ae o) se00)  Ooiae o]  171.69(12)

CMe,CH20),,' which contain two six-membered rings, each o(5)-As—N 171.79(13) O(4yAs—N 82.6(2)

show only one signal for either Q€ or CH3 protons because  O(3)-As—N 84.4(2) O(2¢As—N 89.8(2)

of Berry pseudorotation. Th&C NMR spectrum of7 also O(1)-As—N 81.9(2)  C(10y0O(2)—-As 119.4(3)

exhibits four distinct signals for the methyl and theCia gg%):ggg_ﬁg i%gg% 8%)5_}(:%(3)):&1 1 ﬁi‘é((?)

carbons. C(10-C(11)-C(12) 108.7(4) O(3yC(12)-C(11) 112.8(3)

The X-ray structures of botb (Figure 1) and7 (Figure 2) O(4)-C(15)-C(16)
have been determined; bond distances and bond angles for these(5)-C(17)-C(16)
are shown in Table 3. Compou#ds the first four-coordinated

114.5(4)
116.0(5)

C(1AC(16)-C(15) 108.8(4)

arsenic compound with a 1,3,2-dioxarsenane ring, wiiile
represents the first six-coordinated arsorane with 1,3,2-diox-
arsenane rings. Other significant features include the following.

(11) Kumara Swamy, K. C.; Day, R. O.; Holmes, J. M.; Holmes, RIJR.
Am Chem Soc 199Q 112, 6095.
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(i) Compound5 has a stereoactive lone pair approximately
in the equatorial plane of a trigonal bipyramid, with the axial

Additions and Corrections

conformation; this contrasts with the twidboat conformation
observed for CIAS[OCMg£H,CMe;O]*3 and the boat confor-

positions being occupied by an oxygen of the six-membered mations observed for PhP(O@EMe,CH,0),.”

ring and (the less electronegative) nitrogen of the oxinate. The

dihedral angle between the planes G{@)Y1)—0(3) and O(1)
O(3)—N(2) is 47.2 while that between O(4)O(5)—0(6) and
O(5)—0(6)—N(2) is 43.8 for the two molecules in the
asymmetric unit ob; these represent a distortion of nearly 11%
and 17% respectively from trigonal bipyramidal geometry for
the two molecules.

(ii) To our knowledge compound has the shortest-NAs
donoracceptor bond (2.04 A). [The-NAs distances irb,
MeN(CH,CH,O),As(Me)(0CeCls)* and MeN—AsCl!2 are
2.60, 2.18 and 2.28 A respectively.]

(iii) Even after hexacoordination, the A® bond lengths to
the oxygens of the six-membered ringsrare surprisingly
very close to that for the tetracoordinated compoénd

(iv) For 7 and for both the molecules (enantiomers) in the
asymmetric unit ob, the 1,3,2-dioxarsenane rings are in a chair

(12) Webster, N.; Keats, S. Chem Soc A 1971, 836.

Finally it should be mentioned that our route employed here
for arsoranes is new and allows flexibility for the synthesis of
penta- or hexacoordinated derivatives with rings of different
sizes on the arsenic atom.
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Pages 5735 and 5737. Theandc crystallographic axes for
[Co(TC-4,5)] should be interchanged, and the space group
should beP2/a. The positional parameters, bond distances and
angles, and all discussion are unaffected by this correction.
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