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Summary

The crystal and molecular structures of the hexamer, (HAIN-n-Pr), (I) and
octamer (HAIN-n-Pr), (II) have been determined by the Patterson procedure and
by direct methods, respectively, using tridimensional X-ray diffraction data
collected by counter methods. The block-matrix least-squares refinement led to
a final R value of 5.7% for I and 5.8% for II. The molecular framework of I,
(AlIN),, is shaped as a hexagonal prism, while that of 11, (AlN)g, may be derived
from a combination of such a hexameric cage with a square ring of a dimer. The
main average bond lengths (A) are: Al1—N, 1.913(11) for I and 1.916(2) for II;
N—C, 1.508(5) and 1.516(4); Al—H, 1.53(2) and 1.50(2), respectively. Crystal
data: I, trigonal space group P3; a 16.801(2), ¢ 9.647(2) A; Z = 3; 11, triclinic
space group P1,a 21.99(1), b 10.58(1), ¢ 9.75(%) &, a 97.7(5), B 91.9{5), v
100.3(5)°; Z = 2.

Introduction -

Structural investigations on poly(N-alkyliminoalanes), (PIA), have previously
centered on N-isopropylimino derivatives [1—41]. In this paper, we report the
crystal structure of two N-n-propyliminoalanes, i.e. the hexamer (HAIN-n-Pr),,
referred to as Hex-ANP and the octamer (HAIN-n-Pr); (Oct-ANP).

‘The principal interest in the former compound stems from the possible
differences in the cage structure due to the different alkyl substituent at nitrogen;
the major importance of the second compound resides in the possiblity of
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elucidating a novel octameric cage structure of the (AIN), type.

Single crystals of Hex-ANP were obtained from a fraction of a mixture of oli-
gomers as described in a previous paper [9] of this series. Single crystals of the
Oct-ANP were obtained by a direct synthesis of poly(/N-alkyliminoalanes)
recently reported by Cucinella et al. [10].

Experimental

Crystals of both compounds, colourless and fairly sensitive to moisture, were
sealed in thin-walled capillaries under dry nitrogen. Preliminary crystal data
were obtained from rotation and Weissenberg photographs. Cell dimensions were
subsequently refined by application of the least-squares method to the setting
angles measured for 20 reflections on the diffractometer. The successful struc-
ture refinements confirmed the choice of the space groups. Intensity data were
collected on a Siemens single crystal diffractometer, using Zr-filtered Mc-K,,
radiztion; other experimental conditions were identical to those described in
previous papers of this series [1,4].

A crystal of Hex-ANP, with approximate dimensions 0.39 X 0.45 X 0.72 mm
was chosen and a total of 5041 reflections were collected within a quadrant up
to 0 26°; the intensities of 3017 independent reflections were averaged with
their equivalent reflections; 1593 of these, having I > 2.50([), were used for
the structure determination.

For Oct-ANP a total of 8576 reflections were collected within a hemisphere
up to 8 26°, from a crystal of dimensions 0.52 X 0.60 X 0.82 mm; 5765 reflec-
tions, with I > 3.00(I) were used. Correction was applied for intensity decay,
which at the end of the run was of 7% for Hex-ANP and 9% for Oct-ANP. No
correction for absorption was applied in view of the low transmission factor
(1R < 0.2 for both crystals).

A summary of the crystal data is given in Tab. 1.

Structure determination and refinement

The structure of Hex-ANP has been solved by standard Patterson methods
which allowed the location of the aluminum and the nitrogen atoms. From a
Fourier map, phased with these atoms, the position of the carbon atoms was

(continucd on p. 296)

TABLE 1
CRYSTAL DATA FOR (HAIN-n-Pr)g AND (HAIN-n-Pr)g

Molecular formula (HAIN-n-C3H7)g (HAIN-n-C3H)g

Molecular weight 510.6 680.7

Space group : P3 (No. 147) PI (No. 2)

Moleculesjunit cell 3 2 N
Cell cv:mstal!ts. a 16.801(2), c9.647T(2) A a21.99(1). b 10.58(1). ¢ 9.75(1) A
(Mo-K, radiation, A 0.710689) a 97.7(1). £91.9(1). ¥ 100.3(1)*
Cell volume 2358.3 A3 2207.6 A3

Calculated density 1.078 g cm—3 1.024 gem~3

Linear absorption caoefficient g’ 2.33 em™1 2.21 em~!




(001)299

(16)5LY
(v6)9L%
(€6)58Y
(18)11¢
(94)552
(68)ys¢
(€6)9sY
(L6)18S
(98)€2%
(s9)21%
(66)€E9
(CEMLA

(61)t01
(s1)18
(€1)1g
(02)89
(91)%8
(71)0

(01)9~-
(o1} H-
(e

("=

£ty

(F4ATE
(CIPL'T4
(9109
(01)y

()=

£y

(sy)6BYy
(zn)e9st
()88t
(171912
(e
(5£)586E
(6c) 66t
(£9)68601
(2%)9866
(on)eziot
(6£)25€0
(E7)6L%6
(19)8%s¢

3z

(L1)66
(v1)e8
(21)6¢
(61)8€~
(91)01
(v1)gg~
(on)2t
(01)g9~
(7)82
(v)oz~

£y

(2z)set-
(L1)82~
(€1)me-
(01)s
(9)12=

n#m

(62)8816
(L2)L26$
(92)8916
(L2)919%
(s2)9L0%
(vz)coLy
(92) 1196
(L2)86L2
(62)84L2
(92)ni6t
(sz)L18¢
(62)te6m2
(92)z212

a/k

(1z)e1e
(s1)0st
(E£1)66
(vz)ese
(oz)1ig
(9v)ete
(11)zo1
anet
(7St
(7)8e1

ey

(92)26¢
(61)5%2
(51)%02
(z1)093
($2114 ¢

Nﬂz

(821506
(92)00%6
(L2)eses
(Le)s66L
(sz)e8z8
(£2)£616
(92)2888
(L2)est
(62)6L06
(9z)zHes
(sz)e128
(62)1E%¢L
(92)088¢

o/

(zz)v9e
(61)50¢
(L1)6l2
(22)ose
(oz)oic
(g1)cec
(e1)1¢2
(£1)922

(5)os2

(s)vee

ey

(s2)zey
(12)9¢¢
(81)50¢
(z1)00z

(e

£y

(90) 404t
(99) 0l
(90)1K
(0) Mt
(50)H
(90) 1M
(7)1
(€2)iuilt
(€9) 1M
(€0)H
(20).H
(20)H
(12)14H

woay

(82)099
(02) 1%y
(81)os¢
(62)€69
(v2)e5s
(81)18¢
(€1)882
(v1)€1e
{5)L6
(s)10¢

(4

(og)zoL
(22)%9%
(81)81Y
(71)9%¢

(s)eee

ity

(98)20%
(26)9LY
(LL)ene

(56)29%
(€6)8YS
(86)L%9
(56)9%¢
(z6)86%
(£ot1)089
(61)81€
(sg)eLe

(vz2)s9%
(L1)o0g
(v1)z02
(52)858
(12)c9%
(81)94€
(€1)9¢2
(v1)L1g

(s)o82

(5)s82

ﬂﬂn

(0€)om
(£z2)Ley
(91)962
(£1)982

(9)e92

aﬁm

(8€)915¢L
(2%)9%0%
(Le)Lset

(€%)666Y
(19)050%
(cy)geey
(2%)599¢
(17)819¢
(97)y181L
(Le)oute
(8¢)9L91

32

(s)1191
(v)£eee
(7)2e8¢
(5)v0z01
(5)€626
(%)89LL
(€)esLy
(€£)6589
(1)i€8y
(1)9LL9

2/

(9)ciey
(9)TLve
(%)0s61
(€)oL01
(1)2L6

afz

(92)eBtc
(t)eede
(£2)096%

(82)ct-
()=
(62)956~
(e
(82)052~
(oc)ces~-
(52)192
(sz)vigt

q/&

(7)61¢¢
(€)6L99
(€)izey
(7)2092
(€)2682
(€)o9sLe
(z)922%
(2)ooot
(1)8862
(1)692%

a/h

(9)ose=
(£)zz=~
(€)swe~-
(2991~
(1)9901

a/4

(L2)69L8 (10)H
(92)6%28 (2K
(vz)0608 (1IV)H
‘7 9InovYoN
(82)1622  (£9)inul
(82)959Z  (€£0).iH
(Lz)noz (€0)4H
(£T)9E9T  (20) 1M
(tz)9t0t (20)4H
(62)tLst  (10) M
(s2)8977 (10).1
(vz)2502 (IR
v/x woly
1 a9 Tol
(€)zs26 (9)2
(c)vsue (€)0
(2)6698 (v)o
(c)8Lse (€2
(¢)cyo8 ()2
(€)s918 (1)
(2)z68L (Zm
(2)98s¢L (1N
(1)209¢ (Z)1v
(1)evel (Hw
w/x woly

7 Inaeon

(v)soz2 (€).
(c)ecst (z)0
(€)L691 (1)a
(z)s101 (N
(1)6%21 (1w
-\x ) 8u<

1 onoatoN

(1P 1801 a3 03 dajoa salqu AugmoLjo) PUR SjY3 U} Sasayjuazed U} SUCHEIAIP PrEpuUmg) (1g-G-NIVH)
HOA (V201 X) SUALANVUVA TVINUAILL ANV (0T X) SHLYNIAQUO0D TVNOLLOVHI DIROLY ‘2 d'18VL,



(12)2e¢e
$4974 ¢
(et
(E1)651
(nen
(11)es
(12)¢¢L
(91)8
(1o
(og)not
(92)822
(v1)19
(61)2¢L-
(91)90-
(21)%8
(se)ede
-
(11)61~
(2)me
(oz)1£2
(v1)061
(£z)nt
(02)e41
(€1)26
(1128
(o)L
ozt
(1)1
(11)8¢
(o1)2y
@nen
(z1)101
(v)e8
()56
(v)0%
(n)e9
(7)86
(129
(9)€6
(%)86

Lig

(e
(5T)ns
(23)9¢
(91)15
((331:1)
(11)1-
(81)i21
(v1)86
(11)92
(s2)s62~
(v2)co0e~
(21)9¢~
(0z)zy=-
(s1)os-
)Ly
- ()8~
(c1)e-
(1161
(2z)eot
(L1)s81
(e1)0et
(£z)vee
z)me
(9109
(01)hy
(o193
(01)92
(o1)61~
(o1)%1-
(o1)41
(11J09
(11)%¢
(7)s
OIS
(9)1=-
(%ot
()=
()8
. (nes
()02
£l

(€2) Loy
(o)L
(11)96
(91)eLt
(€1)121
(T1)L€1
(wz)Lsy
(¢1)o12
(ET)%S1T
(12)861
(91)011
(z1)201
(02)y1-
(s1)101
(21)59
(22)es-
(71)L€
(z1)¢L01
(z2)z81
(£1)e91
(€1)911
(z2) 0%
(61)LL¢
(w1)LLe
(o1)101
(o1)zet
(11)£21
(01)56
(11)56
(11)86
(z1) 01
(z1)181
(%)66
("ot
()91
(v)68
(n)eL
(11611
(v)oy1
)eet
ety

(52)189
(61)€LS
(n1)con
(L1)8yY
(s1)s0%
(%1)56¢
(0z)%os
(81)%9%
(v1)0EE
(s%)eoyt
(st
(81)99¢
(r2)819
(81)L6%
(51)82%
(0€) 208
(Lnsey
(v1)e5¢
(£€)826
(szient
(B1)6ES
(2€) 896
(L2)s6L
(L1)o1s
(ET1)Ing
(£1)oce
(enee6e
(y1)9Le
(71)55¢€
(c1)e0¢
(s1)90%
(ste1y
(s)nie
(s)ste
(5)vee
(5)96¢
(s)e8¢
(s)ose
(§)9n¢
(6)%0%
£€q

(72)299
(81)50¢
(c1)e9¢
(L1)80y
(st)toy
(€1)o%€
(2€)566
(n2) 154
(Lnzes
(of)Lz8
(22)8%¢
(L1)518
(52)499
(81)€06
(91)69%
(ze)ees
(61)%5S
0293417
(7€)0L6
[CIATATA
(L1)ETS
(92)90L
(€2)2L9
(s1)2Ly
(g1)5¢¢
(eVL1e
(91)69¢
(71)€9¢
(91)99¢
(c1)0z¢
(491747
(71)18¢
(5)99¢
(s)nee
(s)zee
(5)zs¢
(8)¢c¢€
(s)91€
()9t
(s)1y

ey

(2€)5%6
(0z) 188
(st)9ey
(€2)1eL
(s
(st)ey
(y2)eL9
(81)69%
(c1)60%
(22)18%
(0z)9ty
(€1)L82
(92)20L
(61)625
(n1)ese
(s2)€09
(L1)0Ey
(s1)ezy
(e)ees
(8Y)L2%
(91)L0%
(s2)8%9
(€2)h19
(Ln)eey
(€1)81¢
(€1)vee
(€1)oce
(£1)oLe
(€1)962
(29111
(71)81€
(n1)€5€
(s)cot
(5)z1¢
(s)zie
(%)o6z
()982
(5)L%e
(6)zee
(¢)s8e

1y

(s)oztLs
(7)v199
(£)2689
(7)99¢€21
(v)21911
(g)eccot
(5)986¢
(m)zves
(£)18€¢
(L)ol901
(L)8001
(%)€086
(S)pI5Y
(%) 1956
(%)88¢9
(9)509¢ 1
(7)os12s
(£)9s221
(9)52121
(s)voztt
(7)66011
(9)91901
(5)78901
(%)8096
(g)osiL
(£)5856
(£)zeLy
(€£)9626
(£)605¢L
(£)89601
(£)szz01
(£)ve96
(1)1999
(1)98901
(1)z528
891177
(1206
(1)06%6
(1)96111
(1)1698

2)z

(5)926%
(%)058¢
(311111
(9)59¢ct~
(€)ssz~
(€)9L1-
($)0%9
(7)Lymt
(c)etzt
(9)i512
(7)6£81
(9)L562
(5)868~
()14~
(g)otot
(9)14€9
(%)66€S
(£)828y
(9)1L6
(s)taLt
(v)zzz
(S)Lv89
(¢)toLs
(7)L8ss
(€)192%
(€)s86
(£)ez61
(€)L692
(€)6981
(€)906¢
(€)1561
(€)Lsyy
(1)0692
(1)vece
(1)z801
(T)vese
(1)c88
(T)968Y
(1)89¢¢
(1)9682

q/4

(€£)L652
(z)rosz
(2)560¢
(2)os92
(2)mse
(2)2682
(2)e9EY
(2)8L1y
(2)eent
(2)26%¢
€3134:1)
(1)LLsy
€1144
(z)ent
(r)osy1
(2)911%
(z)6%8¢
(2)891¢
(z)m8

(e)g
()eenn
(Tt
(z)8901
(€91 741
(19106
(1)8¢c82
(1)e0ee
(1)806¢
(18681
(1)¢i82
(1)8L61
(1)5581
(1)9862
(1)ctee
(1)99%¢
(1)96L€
(1)2002
(1)82L2
(1)L667
(1)t191

l\x

. (n2)o
(€2)o .
(z2)o
(12)0.
(02)0
(61)2
(81)9
((fo:
(91)0
(§1)0 -
(71)5
(c1)o

@9
(11)0°
(o1)d

(6)o
(8)0
().
(9)o
(s)o
(9)0
(€)0
(2)o
(1)0
(8)N
(LN
(9N
(SN
(7N
(e
(TN
(1IN
(8)1v

< (L)Y
{9)v
(s)tv
(Mv
(€)v
@)
(v

woyy

292

YO (zY (01 X) SUTLAWVUVI TVIWUIHL ANV (501 X) STLYNITHOO0D TVNOILOVH DINO

8(ag-U-NIVIH)
LV 'S A14VL



293

(601)869
(671)%011
(111)84L
(v8)ogs
(86)£89
(08)E18
(98)96%
(621)0L8
(L6)7t9
7243177}
(£8)26%
(€11)EY9
(¥8)o6Y
(18)e9y
(691)6€21
(8£1)€96
(6£1)086
(%6)609
(101)199
(68)52$
(001)L19
(€L1)8121
(16)88¢
(SE1)SL6
(£51)0901
(651)L901
(€£1)968
(651)6211
(229147
(vv1)886
(L51)8¢01
(6L)z%y

!

(SY)%955
(w5)z2an
(L)L819
(8£)9%29
(€v)9znL
(9¢)2¢cEL
(8€)9L6S
(16)z1281
(1v)osett
(Ly)oLnt
(8£)06211
(9v)o1mz1
(8c)80901
(LE)8oLe
(29)610%
(£6)851¢
(96)2eie
(19)6€09
(€%)L60¢
(on)18¢s
(27)9%5%
(€9)4%801
(6£)9zH11
(25)5%86
(19)6868
(65)96501
(z5)1116
(65)€1501
(9%)2L6€E
($5)L50¢
(85)520%
(9€)€619

o)z

(1%)622L

(15)0699
(121117}
($€)%028

(6€)6129
(%€)2665
(s€)910¢
(9%) 1051~
(6€)evze-
()20n1~
(sc)szy-
(€v)6E9

(S€)261
(v€)226~
(L5)9¢1~
(6%)%58

(05)%06

(8c)vset
(on)98ee
(9€)9¢2

(6£)6051
(65)05¢CT
(Le)eome
(8%7)€581
(95)0821

(s5)oL2t
(6%)6m%¢

($5)E0s¢
()eLLt-
(15)8¢€21-
(75)196~
(te)to9-

q/4

(12)2v2e
£14144:14
(12)8282
(Lyesee
(61)9¢€2
(L1)8s¢€¢
(L1)812C
(£2)65¢2
(61)16%2

(ze)ssoc

(L1)8502
(12)0652
(L1)508¢€
(L1)65L2
(82)o62%
(vz)8rzy
(52)06L%
(81)69¢%
(61)0%¢EY
(81)15¢¢
(61)982¢
(62)295¢
(81)95%S
(€2)5299
(L2)1e8Y
(92)vesy
(vz)ecsy
(L2)6Ls"
(0z)esEt
(s2)188

(Lz) it
(91)9881

v/x

(#20)444H
(920)..H
(720} M
(£29) 441
(€20)1H
(720) M
(220).H
(120)14.H
(120} it
(120)H
(022) 11 H
(020) .4
(610)H
(610) H
(810) 4 oM
(810).4H
(810) .4
(L10)0 4
(L10)H
(910) .1
(910).H
(S10)4v il
(ST0)4 it
(§19)H
(719)4.H
(710) 4 H
(E10) M
(€10).H
(Z10)14H
(210) 44K
(210):H
(110)441

woly

(201)60L  (Eh)L86%
(€6)L6§ (1v)0L89
(98)9%S  (6£)869¢

(551)701T (85)99¢€1T

(261)LL0T (L5)T95ET

(251)011T (85)2E0H1
(6L)8L%  (9¢c)8L2TY
(L6)oty  (zv)ooret
(9L)6%%  (sc)s6c2t
(19)%1€  (o£)z2iEl

(1z1)998  (0§)L0021

(£21)006 . (05)EBBTY
(88)89S  (8C)L6621

(8ST)912T (L5)1CT0T

(911)96¢  (97)€651T
(€6)859 (Om)zZ12t
(86)669 (2Z%)iS901

(zz1)sY8  (69)1€501

(6ot)veL  (Hm)etent

(0£1)%%6  (0S)1TL6

(1E1)%66  (16)58201

(2Y1)6€0T (%5)1E%11
(26)219  (0%)%988
(06)52S  (6€)1896

(00T)EE9  (TH)591¢
(68)SLS  (Om)yvozt
(LL)osh  (S€)1964
(76)68S (2992l

(201)€L9  (£%)0988
(98)1€S  (8€)£980
(nL)968  (9€)S1921
(SL)Lvy  (s£)6808

q 3/z

(6£)2EY

(L€)699

(9€)9451
(€5)0889
(15)c10L
(€5)9LL$
(ceeets
(6€)C 1LY
(£€)E95¢
(Lz)oLey
(sy)1€2t
(L)

(9€)5901
(€S)E9ET
(Em)ETL
(et
(8£)692

(s%)siviL
(17)o%89
(L9899
(Ly)L88Y
(6%)98L5
(Le)s1ss
(9€)0959
(6£)9182
(9c)s 122
(cc)oot-
(8€) LSHY
(on)vee-
(9¢€)€2€9
(ze)9L8¢
(ze)ense

q/4

(61)LE02
(81)2501
(L1)9¢1
(92)9L5%
(92)ns8¢
(92)902%
(91)616¢
(61)SL0Y
(97)6562
(E1)9.0¢
(z2)912-
(€)1
(sy)eze
(s2)o0t
(12)819
(81)9¢ct
(61)156
(zz)et01
(oz)vey
(g2)ees
(£2)68¢L
(sz)sezt
(s1)ozct
(81)€%81
(61)0s€E2
(81)ses¢
(91)2sLt
(61)9€EY
(61)6891
(81)0L62
(S1)66L1
(91)snt

"y

~ (T10)H
(012) 144
(010)H
(62)114H
(62)14H
(62)H
(89) 1M
(89).H
(£9)niH
(L2)H
(90)114H
(90),H
(90):H
(§9)1H
(§9)H
(%)Y
(79)H
(€)1 1M
(€0)iiH
(€0)iH
(20)viH
(zo)H
(10)4:H
- (19)H
(8TY)H
(LTY)H
(9I)H
(STVIH
(?IV)H
(EIV)H
(TIVH
(YIVH,

woly



294

HeTv usey

(z)os*t BTy uway (c)est

(s)zis*t 0-0 uwaH (§)905°'1 00 use

(m915°1 D-N uey (5)80S*1 9N uww
(s)525°1 (z2)0-(8N (s)ozs't (01)9- (98 ‘ S
(s)0es°1 (61)0=(LN (srots't (£)0~(E)N (9)605°1 (n)0=(2N
(§)806°1 (91)0-(9N {9)608*1 (?)0=(2M (9)o2s°3 (1o-(TN
($)z08°1 (E1)2=($N (9)o15't (1)o=(1N (s)s6v°1 #(1I=(TN

(5)916'1 H-Ty usa
(c)ove't (8)N=(8) 1V (€)288'1 (LN=( Y (8)656°T (Spucq auiaasumay uj)
(€)906°1 (9N=(8) 1Y (7)206'1 (ON-() Y (1)068°%  (98uta *quau-x1s u)
(€)988°1 (N-(8) TV (€196t (K= () v (tneteet Q- e
(£)zre°y (ON=(L) Y (£)es8’1 (8)N-(€) 1Y (€)Es6° T (IN=(T) Y
()Lt (ON=(L)W (£)eve' T (©IN=(O TV (7)268°1 HTN-(2)TY
(e)828°1 (EN=(L)Y (v)e06' 1 (- (v)998'1 (TM=(V
{£)926°1 (LIN-(9)T¥ (£)126'1 (ON-(D1Y (£)es6° T M=)V
(£)268"1 (@N=(9)T¥ (1)206°1 @N- () LI H(ON-(D)TY
(v)ene*t (SIN=(9)1¥ (£)6E6°1 (DN- ()Y (n)zee’t (TIN=(T)TV
LTI (8)N-(S) v (c)oce' (N=-(V Y (Qzee"t ¢ 1 COR=CO)TY
(€)2ne"1 (9IN-(5)¥ (n)on6°'1 @)N=(D Y (9)v68°1 g (IN=(T)V
(€£)8e8°1 (GIN=(5) 1Y (v)e68°1 (DN=(1) Y (7)ees°t o{PIN=(V)TY

8 (ag-ua v H) 9 (ad-u-N W W)
Blagd-NIVH

) ANV 904-T-NIVH) HOd SHALAWVAUVA TVOIMIANOAD QALOT'TAS

¥ a1dvlL



295

Jequnu

11947 1 'san|va !x ays jo ueaut ayy 8} xonym UQL e :xu@. - ?&.A = ¥ S¥ PAIR[ND(ED UIIQ STY § SUVIW
241 JO UONRIAIP PIRPURIS AY) SI118 S1YY JO sladed (1N u) pus sy Uy q '] o[nddjows 03 Jupiuojaq puog

{1'0. 210 1g'0- BZ'0~ 11°0  61°0 1o
(N (Y (WUN (B (N (DT (N
< 91°0 210 ze'o- 6Z'0- 21'0  61°0 o
(8 (v (BN (v (N (6)TY L]

61°0  I£°0-  62°0- 61°0  TI1°0
OV (8 (V@K (@D
81°0  0£°0- 62°0- 91°0 110
®OW M8 O™ (D (DY

m?m-:.z v H) uy s8uja patoquaw-~xis 103 (y) ssurid oaswnbe-jswa] eyl wO13 PuOI® BY3 JO ..3»-..:8.
[ ]

(5126201 ((8)N'(LIN'(9)N'(C)N Buratoauy)
(L)s% 81T ((ON*(SIN*(ZIR (XN Buiatoaus)

9-H~TV uwap
(2)8*8e
(¢)geozt
V-~1y umsy
()16
(€)i*vnt
N-TY=N uvan

(Oerzey ((1)2=(1K=-(Z)TY #dL3)
(P e ((1I=(NN=(T)TV 8dka)
_ O=H-TV uvey
(2)9°88  (s8u1a *quem anoj uy)
(T)c oIy (vBu3: *ques-nye uy)
WK~V usey
(2)2°%6 (su1a *quea anoj uy)
(D) gN (sBu2 *quem-xe u3)
N=TV-R-uooy



296

determined. Hydrogen atoms were all located in a difference map and refined
with'isotropic parameters. For all the other atoms the refinement was performed
by block-matrix least-squares with anisotropic thermal parameters. The R fac-
tor converged to the final value of 0.057.

The structure of Oct-ANP was solved by direct methods by means of the
computer program MULTAN written by Main et al. [ 5]. From the intensities put
in approximate absolute scale by Wilson’s method, the {E| values were computed;
300 reflections with |E| > 2.08 and 50 with |E| < 0.5 were used as input data.
Of 64 phase sets of |E|, that corresponding to the “figures of merit” (ABSFOM =
1.06, PSIZERO = 3344 and RESID = 17.2) allowed the solution of the struc-
ture. From the corresponding E-map all the aluminum and nitrogen atoms were
located, and from the next Fourier map the position of all the 36 carbon atoms
was deduced (R = 0.20). The refinement and the locations of the hydrogen
atoms progressed in a way similar to that described above tor Hex-ANP, and
the final R value of 0.058 was calculated. Atomic structure factors for the neutral
atom were those of Cromer and Man [6] for Al, N and C, and of Stewart et al.
[7] for H. Computer programs written by Immirzi [ 8] were used throughout.

The final values of positional and thermal parameters are reported in Tab. 2
for Hex-ANP and in Tab. 3 for Oct-ANP. The lists of structure factors are
obtainable from the authors on request.

Results and discussion

The molecular structure of Hex-ANP contains a cage framework, (AlN), quite
similar to that of its iso-propyl analogue, (PIA-Hex): i.e. a hexagonal prism
formed by two flat six-membered rings, (AIN);, linked together by six transverse
Al—N bonds. A view of the molecule, with a labelling scheme, is given in Fig. 1.
‘vhe unit cell contains three mo:c.les but the number of independent atomic
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Fig 1. A perspective view and labelling scheme for the molecule of (HHAIN-n-Pr)s. -
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parameters is correspondingly highly reduced. A molecule, indicated “1”’, lies
on 3 axis, hence 1/6 of it is independent. The other two molecules are located
on ternary axes and related by a symmetry centre: of these molecules a part
corresponding to 1/3 of a molecule (and indicated as molecule ““2’%) is indepen-
dent. It should be noticed that even these last molecules preserve a symmetry
very close to that required in the molecule “1” by a 3 axis.

The main geometrical parameters of the molecules of Hex-ANP are reported
in Tab. 4. There are no significant differences between the mean bond lengths
and angles of this compound and the corresponding values for PIA-Hex [1]. The
spatial arrangement of the n-propyl groups is quite similar in the three indepen-
dent cases according to the molecular symmetry mentioned above. The AI—-N—C—
C rotation angles, where Al—N is a transverse bond, are close to 180°, indicat-
ing a trans conformation: as a consegquence, the two a-hydrogen atoms point
toward the centres of two contiguous square rings (AIN).. More complex is the
cage structure of Oct-ANP, whose perspective view is shown in Fig. 2. The cage
may be formally derived by addition of two cubic-shaped tetrameric cages,
each one with two open bonds on a face, or conversely by combining a hexa-
meric cage with the square ring of a dimer, (AIN),. The octameric cage is thus
composed of four six-membered rings, (AlN),, and of six four-membered rings,
(AIN),. This configuration constrains the hexagonal rings to assume a “boat”
conformation, as may be noted from the deviation of the atoms from their
least-squares planes (see Tab. 4, the minus sign indicates a displacement toward
the centre of the cage). The mean values of the torsion angles are +4.6(3)° and
+£31.2(7)°, indicating that the rings are flatter than a ““boat’’ form of the cyclo-
hexane molecule (where the corresponding angles are 0° and 60°): this is mainly
due to the large values (considerably greater than 110°) of the bond angles on Al

Fig. 2. A perspective view and labelling scheme for the molecule of (HAIN-n-Pr)g.
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and N atoms. Considerable flatness is shown by the four-membered rings, (AIN),.
While in both cited hexamers the AI—N bonds are shorter in hexagonal rings
and longer in transverse bonds, this clearly is not the case for Oct-ANP, where
more complex configurations arise from the arrangement of six- and four-mem-
bered rings. Thus, if the longest AI—N bonds are those common to the two
square rings, an alternation of shorter and longer bonds is observed along the
hexagonal rings, depending on whether the bond is shared by two hexagonal
or by one hexagonal and one square ring. It may also be noted that the nitrogen
(or aluminum) atoms do not display an equivalent geometry with respect to
bond angles: this is because half of the atoms (i.e. N(1), N(2), N(5) and N(6))
are common to one hexagonal and two square rings, while the other half to
one square and two hexagonal rings. In spite of the seattering of A1—N bond
lengths (Tab. 4), it must be pointed out that the overall mean of this bond,
1.916(2) A, does not differ significantly from the corresponding distance in
the aforementioned hexamers. Moreover, in all these molecules the overall mean
is exactly equal to every average of three bonds converging to the same nitrogen
(or aluminum}): this fact is particularly remarkable for the octamer because of
. the previously discussed non equivalence of the nitrogen atoms. However, this
mean does not represent the true value of a specific AI—N bond; it indicates
that in equivalent coordinative configurations, as in these cage molecules, there
is a sort of electronic compensative effect on the three bonds to each N or Al
atom._ The Al—H and C—C mean bond distances are also consistent with those
observed in the other structures of the series. The alkyl substituents are arranged
apart from some differences in AI—N—C bond angles, in such a way that
one a-hydrogen points toward the centre of a hexagonal ring, (AIN);, and the
other one toward the centre of a square ring, (AIN),. In both compounds the
packing is consistent with Van der Waals interactions.
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