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Summary

The compounds {{({(THF)Mg)(HA1N-t-Bu);] (I) and [((THF);Ca)(HA1N-t-
Bu);] - THF (II) have been structurally characterized from single-crystal diffrac-
tion data. The molecular structures are based on an (A1N),; ““cubane” type
framework in which an aluminum is replaced by an alkaline earth metal. Ac-
cording to the size and the coordination of the “foreign” atom (four for Mg, six
for Ca) the cubic geometry of the cage is increasingly distorted. Coordination
is completed by one molecule of THF to the Mg atom and three molecules to
the Ca atom; in II a molecule of THF crystallizes with a cage molecule. Mean
Mg—N and Ca—N bond distances are 2.090(4) and 2.490(2) A. Crystal data: I,
orthorombic, space group Pbca, a 17.107(2), b 17.305(4) and ¢ 20.220(5) A,
Z = 8, calculated density 1.031 g/cm?; I1, orthorcmbic, space group Pbca, a
20.48(1), b 20.38(1), ¢ 20.51(1), Z = 8, ¢alculated density 1.081 g/em?.

Introduction

All poly{alkyliminoalane) derivatives (PIA), previously described in this series
of papers have a cage structure built up of a frainework formed essentially by
aluminum and nitrogen atoms, corresponding in the most simple compounds
to the (A1N), formula (n = 4,6,8). Just two atomic species are present also in
the skeleton of many other cage compounds, recently reviewed by Hitchcock

* For parts I—XIV see refs. 2, 3, 9.
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et al. [1], including a variety of pairs of main group elements, as (BN),, (MgO)n,
(Be0O),,, (CdS),,, (MgS),,, etc. with n ranging from 1 to 8.

In this paper we describe the crystal structure of the title compounds, in
which there is an unusual replacement of an aluminum atom of a cubic (A1N),
skeleton by an alkaline-earth metal such as Mg or Ca. In the preceding paper [2]
of this series the preparation and some physical properties of these compounds
have been reported. The calcium and magnesium derivatives will be referred to
as CaPIA and MgPIA, respectively.

Experimental

Crystals of the compounds, colourless and prismatic in shape, were sealed in
thin-walled capillaries under dry nitrogen owing to their high sensitivity to
moisture. Weissenberg photographs were used tc find space group and initial
cell dimensions, which were later refined by application of least-squares proce-
dure to a 25 reflections (for both compounds) dccurately centered on the dif-
fractometer.

Intensity data collection was carried out using Mo-K,, radiation (8 filtered),
on an automated Siemens AED diffractometer by the procedure previously
described {3]. A total of 6440 reflections (3° < ¢ < 27°) were measured from
a crystal of MgPIA (average dimensions 0.3 X 0.7 X 1.0 mm), but 2680 with
I> 3o0(I) were used for the structural determination. The maximum decay
monitored by a standard reflection, measured every 15 reflections, was 32% at
the end of the run. A data set in the 3—21° angular range was gathered from a
crystal of CaPIA (av. dimensions 0.6 X 0.7 X 0.9), yielding 3851 reflections of
which 1515 with 7 > 20([) were used for the structural determination; the maxi-
mum decay in intensity was 11%. No correction for absorption was found to be
necessary. The crystal data are summarized in Table 1.

Structure determination and refinement

The crystal structure of MgPIA was solved by direct methods using the pro-
gram MULTAN [4]. As input data 300 reflections with E > 1.84 and 50 with
E < 0.5 were used. The program gave 16 independent solutions, of which the
one having “figures of merit”” ABSFOM = 1.19, PSIZERO = 1365 and RESID

TABLE 1 . .
CRYSTAL DATA FOR [((THF)Mg)(HAIN-t-Bu)3] AND [({THF)3Ca)(HAIN-t-Bu)3] - THF

Molecular formuia: [(C3HgO)Mg(HAIN-C3Hg)31 [(CqH30)3Ca(HA1’*I—C4H9 )31-C43HgO
Molecular weight: 464.9 697.0
Space group: Pbea Pbca
Molecules/unit cell: 8 8
Cell constants: a=17.107(2). b = 17.305(4). a=20.48(1), b = 20.38(1).
(Mo-Kq rad., A = 0.71069 A) ¢ = 20.220(5) A c = 20. 5151) A
Cell volume: 5985.9 A°> 8560.9 A
Salculated density: 1.031 g cm > 1.081 g cm
Linear absorption coeffi- -1 1
cient u: 1.75 cm 2.56 cm

(continued on p. 269)
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TABLE 2

FINAL ATOMIC FRACTIONAL COORDINATES (X 104) AND THERMAL PARAMETERS (X 102) FOR
[((THF)Mg)(HAIN-t-Bu)3l. -

Arom xfa v/ zfe 311 B,y Byq sz 313 B,sy

Mg 5262¢1)  2:51(1)  2463(1) 337¢3) 378(3) 377¢3) 34(3) 9(3) ~38(3)

Al(1) 3648(1) 2237(1) 3282(1) 350(3) 485(4) 349(3) -31(3) -58(3) -46(3)

AL(2) 4286(1) 2942(1) 4335(1) 354(3) 385(3) 275(2) 8(3) 0(2) -16(2)

AL(3) &511(1) 3518(1) 3118(1) 519(4) 395(3) 335(3) 22(3) 16(3) 55(3)

N(1) 4256(1) 1904(1) &017(1) 3617(8) 356(8) 338(8) -L4a(7y -18(7) 48(7)

N(2) 4501 (%) 2516(1) 2722(1) 463(9) 482(9) 270(8) %(9?} =4(7) ~47(7)

N(3) 5174(1)  3268(1)  3849(1) 356(8) 359(8) 340(8) -65(7) -12(7) -43(7)

N(&) 3596(1) 3264(1) 3635¢1) 387(9). 453(10) 349(9) 117(8) -12(7) 7))

c(1) £108(1) 1210(1) 44625(1) 497(13) 459(13) 558(15) -89(11) -14(11) 98(11)
c(2) 3301(2) 1258(2) 47446(2) 767(19) 802(20) 703(19) -229:17) 172(16) 254(16)
c(3) 4133(2) 492(2) 3982(2) 868(22) 401(13) 8§90(22) -122(14) -62(17) 58(1%)
c(s) 4715(2)  1143(2)  4565(1) 868(20)  610(17) €08(17) 8(15) -104(16)  2056(14)
<(3) 4541(2)  2365(2)  1599(1) 621(15)  730(18)  281(11) 20(13) 9(10) -90(11)
c(s) 4490(2)  1495(2) 1877(2) 1109(25) 826(20)  501(16) 115(19) -50(16) -325(15)
c(7) 5319¢2)  2671(2)  1728(2) 933(23) 10656(26)  454(15)  -16(20) ~ 236(16) -12(16)
c{8) 3857(2)  2774(2)  1649(1) 902(21) 1108(26)  317(13) 126(19) -177(13) 0(15)
c(9) 5822(2) 3753(2) 4106(1) 527(14) 515(13) 553(15) -177(11) 7(11) -119(11)

c(10) 6101(2)  3456(2)  4765(2) §74(18) 1033(25)  791{20) -252(18) -337(17) -63(19)
c(11) 6480(2) 3798(2) 3601(2) 731(20) 1113(27) 992(25) -534¢20)  251(19) -224(21)
c(12) 5516(3)  4593(2)  4221(2) 1170(29)  567(18) 1059(28) ~214(18) -139(24) -297(18)
c{13) 2881(2) 3747(2) 3733(1) 504(13) 621(16) 543(15) 223(12) -64(12) -44(13)
c(14) 3134(2)  4534(2)  3995(2) 892(23)  758(21) 1337(32) 437(18) -155(22) -416(21)
c(15) 2466(2)  3847(2)  3058(2) 715(19) 1153(26)  732(19)  4S8(19) -191(18) 102(19)

€(16) 2320(2) 3347(2) 4196(2) 47:(15) 1267(27) 753(20) 274(17) 150(14) -3(20)
o(1) 6208(1)  1471{1)  3426(1) 464(9) 633(11)  666(11)  222(8} -17(8)  -127(9)

cQ17) 6825(3) 1484(3) 3%06(3) 955(28) 1306(33) 1629(42) 569(25) -594(28) -579(31)
c(18) 7216(3) 761(3)  3861(3)  1225(34) 1133(31) 1547(39) 705(28) -~459(32) -202(30)

C(19) 7016(4) &457(3) 3259(3) 2045(52) 1562(43) 1B25(50) 1374(41) -917(42) -884(38)
c(20) 6418(3) 909(3) 2549(2) 1184(31) 1348(33) 1054(29) 786(28) -252(25) -4BB(26)

Atenm x/a y/b zfe B Atom x/a y/b z/c a
H(All) 2918(16)  1815(16)  3I036(15)  785(79) H'(C11) 6674(18)  3288(19)  3669(16)  989(91)
H{AL12) 4160(14)  3208(14)  5054(12)  573(61) H'T(C11)  6379(21)  3904(21)  3215(18) 1143(110)
H(A13) 4535(12)  4270(13)  2754(11)  543(56) H'''(C11) 6883(20) 4169(21)  3688(18) 1162(108)
H'(C2) 3195(18) 821(17)  5009(14)  911(8S) H'(C12) 5316(20)  4824(21)  3811(20) 1286(117)
H''(C2) 2855(17)  1355(17)  5428(1S)  956(88) H'*(C12) 3032(22)  4558(19)  4541(19) 1259(111)
HTTT(C2)  3256(18) 1753(18) 5020(15) 962(89) HTt(C12) 3906(21)  4936(23)  6464(20) 1423(126)
Hr(C3) 4628(14) 433(14)  3814(13)  641(68) H*(C14) 3622(23) 4750(24)  4026(22) 1643(136)
HT*(C3) 40C4(15) 45(15)  4205(14)  674(72) HTT(C14)  2784(21)  4B94(22)  3942(19) 1351(121)
H!'1{C3) 3820(16) 566(16)  3663(14) 702(74) H''1(C14) 314B(25)  4476(25)  4510(24) 1845(156)
H'(C4) 5185(15) 1064(15) 4741(13) 616(67) H'(C15) 2693(24) 4232(24) 2840(20) 1320(128)
H'1(C4) 4592(18) 674(19) 5216(17) 929(S8) B11(C15) 2414(26) 3519(23) 2735(19) 1&68(127)
H''*(C4) 4737(17) 1622(17) 5227(15) 855(80) HU'T1(C15) 1924(22) 4171(23) 3G98(19) 1195(12%)
H'(C6) 4022(19) 1263(19) 2054(16) 1062(95) Hf{C16) 1871(20) 3685(19) 4304(18) 1212(107)
HY(C6) 4522(17)  1364(17)  1430(13)  868(85) HYT(C16)  2599(18) 13262(18) 4649(16) 970(8&L)
HYV1(C6)  4B92(16) 1239(16) 2104(14) 750(77) HY'T(C16) 2245(17) 2840(16)  &024(15) 839(85)
HT(CT7) 5349(16)  3139(17)  1757(14)  592(77) H'(C17) 7347(29)  1984(28)  3846(25) 2369(175)
H''(C7) 5644(20) 2336(21) 1874(19) 1168(114) H'*(C17) 6586(21) 1619(21) 4425(19) 1443(116)
H't1(C7) 5380(i7) 2591(19) 1232(17) 950(89) H'(C18) 7632(24) 772(24)  3925(20) 1525(131)
H*(CB) 3888(18)  3382(18) 1708(15)  798(86) H''(C1B)  6951(26) 425(23)  4198(23) 1929(146)
H"(cé) 3795(19)  2674(20) 1213(17) 1056(98) H*'(C19) 7353(27) 653(23)  2985(22) 1796(143)
HPPT{C8)  3291(17)  2564(19) 1820{15) 908(84) HT(C19)  6918(20) -30(22)  3261(19) 1342(114)
Ht{C10) 5664(21) 3429(21) 5176(19) 1?12(115) H'(C20) 6568(27) 1066(29) 2586(25) 2034(164)
HY'(C10) 6235(17) 2929(16) &691(18) 736(B0O) H'1(C20) 6028(24} 652(24)  2919(21) 1729(134}

H!'1({C10) 63504(22) ar73(11) 4912(18) 1214113
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TABLE 3

FINAL ATOMIC FRACTIONAL COORDINATES (X 10 ) AND THERMAL PARAMTERS (X 10 ) FOR
[((THF)3Ca)}HAIN-t-Bu)al* THF. i

1npljaNrnaiiN-t-ou) mnb

x/a /b zlc By Ba2 Baa Bia | By3 Bas
Ca 1985(1) 1985(1) 1985(1) 267(11) 280(11) 287(17) -18(11) -10(11) 4(12)
A1) 2258(2) 2729(2) 3321(2) 346(18) 304(19) 258(24) 23(17) 66(17) ~8(17)
AL(2) 3318(2) 2265(2) 2722(2) 276(17) 363(19) 294(26) 48(16) -11(18) 15(18)
AL(3) 2728(2) 3324(2) 2265(2) 270(17) 243(16) 317(24) 2(15) 45(19) 38(16)
§(1) 2548(5) 1869(4)  3056(5) 352(50) 202(48) 285(59) 74(38) 44(45) 132(41)
N(2) 1879(4)  3064(4)  2548(5) 278(49) 234(32) 459(72) 76(38) 49(45) -13(48)
N(3) 3062(S) 2539(5) 1889(S) "310(46) 438(54) 280(68) 41(45) 49(45) 41(47)
N(4) 3105(5) 3105(4) 3108(5) 360(51) 271 (47) 235(63) —1(&1) 24(45) ~5(44)
c(1) 2559(7) 13518(8) 3501(7) 475(76) 241(68) 338(87) 53(58) -47(64) ~-33(60)
c(2) 2983(10) 1473(8) 4118(9) 1136(139) 66C(106)  575(123) 138(98) -165(107) 1338(3S)
c(3) 2834(7) 719(6)  3159(7) 614(86) 314(65) 418(56) -18(59) -61(73) -3(63)
c(a) 1876(8) 1172(8) 3771(8) 668(105)  662(97) 411(104) -~157(79) 172(79) 140(78)
c(5) 1321(6) 3506(6)  2576(7) 386(72) 346(68) 369(94) 84(56) 41(63) -109(61)
c(6) 1461(7) 4105(6) 2989(8) 463(79) 266(70) &55(124)  194(57) -53(74) -229(72)
c(?) . 1145(8) 3764(8)  1893(8) 548(88) 512(87) 729(120) 14(71) -4(82) 148(83)
c(8) 718(7)  3179(Y)  2860(8) 457(78) 546(91) 757(120)  230(68) 115(76) -78(77)
c(9) 3523(S)  2567(6)  1310(&) 253(63) 476(72) 85(81) -101(52) -67(53) 39(56)
c(10) 4109(7) 2997(8) 1446(8) 523(8¢&) 871(111) 396(107) -60{(82) -48(72) -201(85)
c(11) 3793(8)  1866(7)  1175(8) 792(103)  403(90) 470(104)  138(73) 243(82) -51(72)
c(12) 3192(8)  2843(8) 692(8) 695(101)  680(95) 364(106) -131(78) 96(75) -31(77)
c{13) 3545(6)  3541(6)  3539(7) 339(&8) 394(71) 277(90) -88(53) 23(57)  -110(59)
c(14) 3652(7) 3192(7) 4160(7) 515(80) 472(85) 375(99) -10(65) ~115(68) ~4(68)
c(15) 4178(6) 3659(7) 3176(8) 307(74) 648(90) 670(112) -163(67) -81(71) -49(82)
c(16) 3184(8) 4173(7) 3649(8) 725(108) 300(78) 728(122) ~88(69) -153(86) -30(72)
o(1) 1237(4)  2244(4)  1024(5) 378(48) 527(53) 529(65) 125(43)  -110(42) 25(47)
c(17) 1418(7)  2660(8) 473(8) 617(92) 803(112)  409(112) 135(79) -63(78) 205(87)
c(18) 784(10) 2724(12) 143(12) 843(135) 1729(219) 1384(199) 344(137) 83(129) 3B7(168)
c(19)} 317(10) 2272(11) 370(11) 880(140) 1577(184) 994(174) -39(131) -463(126) 302(163)
c(20) 563(8) 2045(8) 975(8) 477(85) 860{108)  552(108) -1(81) -281(73) 254(87)
o(2) 2243(5) 1033(4) 1244(5) 624(58) 468(51) 411(59) 13(46) 89(50) -75(42)
c(21) 2051(8) 961(8) 582(9) 754(106)  584(92) 608(113)  172(84) -33(91) -30(78)

c(22) 2284(11)  371(11)  326(10) 1461(175) 1417(175) 821(153)  397(146)  -79(133) -777(135)
c(23) 2728(11)  140(10} 784(10) 1506(199) 838(134)  863(167) .239(135) 177(130) 21(111)

c(24) 2631(9) 465(8)  1410(8) 885(114)  630(95) 477(110)  190(87) 0(50) -105(80)

0(3) 1623(4)  1240(L)  2251(5) 489(50) &476(51) 431(62) -108(39) 57(46) 122(46)

c(25) 472(8) 1412(8) 2651(9) 653(102) 754(102) 896(134) -234(84) 465(89) -155(94)

c(26) 123¢12)  753(11) 2775(12) 11658(166) 1033(150) 1636(221) -194(127) 627(260) =-195(145)
c(27) 374(11) 361(10) 2356(22) 1124(165) 826(132) 1869(208) -654(124) 427(154) -215(136)
c(z8) 386(8) 576(8)  2060(9) 517(88) 644(98) 8a2(127) -172(72) 194(85)  -154(85)

Aten x/a yib z/c B Atom x/a yib zfc B

0(&) -399(13) 239(13)  4511(13) 1675(85) o(5) 518(16) ~-171(17) -285(17) 2003(122)
c(29) 95(20) $62(20) 4637(20) 1448(133) C€(33) 33(29) 301(28) ~477(27) 2276(230)
c(30) 86(22) 418(21) 5329(22) 1939(155) C(34) =-400(30) 4%0(30) =-3(30) 2471(258)
c(a%) -364(21) <102(21) 5479(21) 1743{(147) Cc(35) -345(27) ~231(28) 381(28) 2232(220)
c(32) -557(19)  =336(19)  4879(20) 1346(127) c(36) 292(28)  -344(27) 304(28) 2211(217)
H(ALL) 2062(33)  2831(35)  3934(37) 201(192) HY1T(C14) 3915(46)  3433(48) 4452(50)  985(284)
H(ALZ) 3924(42) 1987(42)  2810(43)  551(264) H*(C15) 4088(38)  2913(39)  2800(41)  516(222)
H(ALD) 2753(41)  3938(41)  2081(41)  669(236) HYT(C15)  4362(44)  3286(43)  3158(45) 7543(259)
H*(C2) 3383(41) 1349(38) 3884 (40) 415(226) HIT*(C15) 4&4884(53) ,4032(53) 3482(52) ' 1261(3543)

H'3(C2) 2763(38) 1688(40) 4272(39) 457(224) HI(C16) 2505(41) 3943(41} 3919(41) 560(239)
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TABLE 3 (continued)

Atco x/a y/b zfc B Atcm x/a y/b zle -3

H''T(C2) 2993(38) 966(39)  4393(42)  410(223) HY'(C16)  3096(43)  4426(43)  3177(44)  698(261)
H*(C3) 2576(42) 453(39) 2842(38) &30(233) B'*7(C16) 3471(45) 4522(47) 3812(&47)  675(287)
H*Y(C3) 3099(40) 804(38) 2655(41) 505(230) HT(CL7) 1588(45) 3062(4%4) 698(46) 548(272)
H?'1(C3)  314B(46) 508(49)  3414(49)  937(294) H'P(C17)  1753(44)  2495(48) 268(49)  785(273)

H'(C4) 1823(51) 705(51) 3909(52) 1137(331) H'(C18) 586(50) 3081(49) 266(52) 1039(313{
H®*(CH) 1574(51) 1053(52) 3514(53) 819(329) Hr1(C18) 798(37) 2754(37) -304(41) 379(220)
HYPT(CA) 1926(47) 1329(48) 4228(50) 960(3053) H'(C19) -108(42) 2333(43) 225(45) 663(271)
H'(C5) 1500(41) 3839(42) 3429(43) @7!(245) HPI(CL9) 383(50)7 1922(51) 99(50) 1155(338)
H**(C6) 1772(38) 4351(38) 2897(39) 393(213) H*(C20) 528(44) 1631(42) 1038(4%) 586(250)
H**'(CE) 1056(40) 4380(40) 2992(41) 449(226) H*t(C20) 319(49) 2235(67) 1345(47) 883(302)
H*(C7) 715(48) 3710(48) 2024(48) 1174(300) RI(C21) 1552(42) 948(43) 570(46) 6L4(263)

HT1(CT) 1217(55)  4236(56)  1892(54) 1562(334) H''(C21)  2233(39) 1290(38) 357(40)  413(227)
HtTe(C?)  1333(&9)  3525(51)  1574(52) 1C40(31R)} H1(C22) 1908(53) 132(54) 326(55) 1322(359)
H'(C8) 585¢35)  2867(34)  2569(38)  339(194) H'¥(C22) 2406(52) 289(49)  -125(47)  940(309)
HT*(C8) 909(453  2730(46)  3164(48)  895(286) H'(C23) 2616(55)  -253(56) 825(55) 1295(361)
Hr1t(c8) 456(52)  3435(45)  3089(50) 1116(317) HUE(C23)  3114(51) 196(53) 594(54) 1220(336)
H'(C10) 3945(45)  3431(45)  1595(46)  686(268) H'(C24) 3015(41) 704(41)  1587(43)  517(247)

H''(C10) 4333(40) 2766(40) 1672(%4) 510(241) H''(C24) 2368(41) 213(41) 1769(41) 448(232)
H'**(C10) &409(38) 3048(36) 998(38) 318(210) HT(C23) 691(41) 1653(41) 2393(42) 494(241)
H'(C11) 3963(52) 1432(52) 1425(51) 1150(227) H'Y(C23) 223(48) 1805(44) 2428(50) 802(275)
H*'(C11) 3402(43) 1637(42) 1120(42) 544(245) Hr(c2s) 192(61) 641(55) 3234(61) 1535(407)
Ht1t(C11) 3881(49) 1951(48) 732(50) 1140(313) \ H'*(C26) -355(59) 851(55) 2693(56) 1350(382)
H(C12) 3459(32) 2854(34) 322(36) 111(180) H!(C27) 456(45) -59(43) 2594(48) 843(278)
H'1(C12) 3020(41) 3297(41) 782(a2) 579(252) Ht*(C27) 43(55) 284(55) 2001(53) 844(370)

HT*T(C12) 2B04(43)  2555(&4%) 574(45)  895(279) H'(C28) 1066(45) 558(45)  1526(46)  614(272)
H'(C14) 3238(39)  3170(38)  4346€60)  483(222) H'1(C28)  13B82(43) 366(46)  2262(47)  7.31(274)
H**(C14) 2941(41) 2763(42) 4088(42) 544(241)

= 31.7 led to correct solution of the structure. From the E-map Mg, Al and N
atoms were located, and from the next Fourier synthesis the position of all the
carbon atoms was obtained (R = 0.237). A least-squares refinement with iso-
tropic thermal parameters converged to R = 0.128. From a Fourier difference
all H atoms were located although for some of them, bonded to C atoms, which
gave too great a peaks spread, an adjustment of the coordinates was carried out
on the bases of usual carbon geometry. A further refinement, including aniso-
tropic thermal parameters of all non-hydrogen atoms, gave a final value of

R =0.057.

The crystal structure of CaPIA was solved by Patterson procedure. The heavy-
atom position was readily defined and a Fourier synthesis, phased with this atom
gave the location of the nitrogen, aluminum and carbon atoms of the molecular
cage. After only a preliminary refinement of these atoms, a F-map indicated
clearly the atomic positions as of the clathrate molecule of THF, as well of most
of the hydrogens of the main molecule. Hydrogen atoms of THF clathrate mole-
cules were disregarded. The last cycles of the least-square refinement were per-
formed with the fixed contribution of the main molecule, using isotropic ther-
mal parameters for THF clathrate molecules and finally with the fixed contri-
bution of all atoms and isotropic thermal parameters for the hydrogens of the
carbon atoms. The final R value was 0.082. The function to be minimized was
Sw(F,—F.)?, using the weighting scheme of Cruickshank [5]. Atomic scattering
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factors for all non-hydrogen atoms were taken from Cromer and Man [6] and
those for the hydrogen atoms from Stewart et al. [7]. All the computer pro-
grams, except the MULTAN, were by Immirzi {8].

The final values of positional and thermal parameters are listed in Tables 2
and 3. Lists of structure factors are obtainable from the authors on request.

Results and discussion

The molecular structure of both compounds is similar to that observed for
other tetrameric species, for example (HAI1N-i-Pr), [9], (MeA1N-i-Pr),; [9] and
(FhA1NPh), [101, whose structure consists essentially of a ““‘cubane’ skeleton
(A1N). In the present case, one of the four aluminum atoms is replaced by a
calcium or magnesium atom. All the t-butyl groups as well as the THF mole-
cules coordinated to the alkaline earth metals point outward from the cage;
t-butyl groups in both compounds are in the ‘““staggered” conformation. A per-
spective view of both molecules and numberings is shown in fig. 1 and the geo-
metrical parameters are reported in Tables 4 and 5.

The replacement of an aluminum by an alkaline earth metal distorts the
rather regular cubic geometry observed in previously cited cages, where bond
angles at Al and N vary from 89.5° to 90.5° and Al—N bond distances vary for
each cage within the e.s.d.’s. The nature of the distortion is similar in both com-
pounds, but the extent of distortion increases on passing from MgPIA to CaPIA
with increasing size of the alkaline earth atom and the coordination number
(4-coordination for Al and Mg, 6-coordination for Ca). The major cause of dis-
tortion arises from the length of Mg—N and Ca—N bonds (means 2.090(4),
2.490(2) A) compared with AN bonds, which in both compounds lie between
1.990 to 1.945 A. As a result of this lengthening the alkaline earth metals are
pushed outward from the cage with a consequent reduction of N—M—N bond
angles down to 86.3(2)° for M = Mg and 73.2(2)° for M = Ca. On the other
hand, some angles at Al (N(1)—Al(1)—N(2), N(1)—AIl(2)—N(3) and N(2)—Al(3)—
N(3)) are enlarged to 92.2(1)° and 102.7(1)° in MgPIA and CaPIA, respectively.
The general rule [3] by which in 4-membered rings (Al—N), bond angles at N
are smaller than at Al, is obeyed in spite of the variotvs distortions, as may be
appreciated by inspection of Table 3.

The different degree of distortion, markedly increasing on passing from
MgFIA to CaPIA, may originate the extent of displacement of the atoms be-
longing to a 4-membered ring (AIN), out of their least-square planes (see Tables
4 and 5). It is worthwhile to note the significant lengthening of the three AI—N
bonds converging to N(4), i.e. the atom situated at the corner opposite to that
of the alkaline earth metal: the mean of these three AI—N bond distances in-
creases from MgPIA (mean 1.925(1) &) to CaPIA (mean 1.937(5) &) while for
the other Al—N bonds the mean distance is 1.906(6) A for MgPIA and 1.902(4)
A for CaPIA: these values are slightly but significantly shorter than the mean
values found in previously studied cage molecules (1.916 A). This effect may be
attributed to the enhancement of the ionic character of the M—N' bond on
passing from M = Al to M = Mg and to M = Ca, and the decrease of the po-
larizability of the metal in the same order. As a consequence high electron
charge could be located at the N’ atom and could serve to enhance the covalent



Fig. 1. Perspective view and numbering scheme of the molecules of [((THF)Mg)(HAIN-t-Bu)3] 2nd of
[((THF)3Ca)(HAIN-t-Bu)3]1 - THF.

character of the adjacent N'—Al bonds at expense of electron availability for
the next A1—N(4) bonds.

The Mg—N bond distance {mean 2.090(4) &) is quite close to that found in
the dimer [(CH;),N(CH,);NCH;MgCHs]. [11] (means 2.107(3), 2.102(3) A),
while the Mg—O bond distance (2.002(2) A) may be compared with the values
of 2.01(4) and 2.08(4) & found for the ethyl ether oxygen-t-magnesium dative
bond in C¢HsMgBr - 2C:H,,0 [12]. The calcium atom is 6-coordinate with a
geometry intermediate between a D5, trigonal antiprismatic (octahedron) and
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TABLE 4 . 3
SELECTED GEOMETRICAL PARAMETERS FOR tr((THF)Mg)(HA‘_h'~t—Bu)3}- .

Mg-N(1) © 2.098(2) . Mg-N{2) 2.083(3)
Mg~N(3) 2.090(2) Mg=0(1) 2.002(2)
Mean Mg-N 2.090¢4)

AL(1)-R{1) 1.903(2) AL{1)=M(2) 1.909(2)
A1(1)~K{4) 1.517(2) AL(2)-N(2) | 1,908(2)
AL(2)-3/3) 1.895(2) AL(2)-K(4) 1.926(2)
AL{3)-R{2) 1.910(2) A1{3)-N(3) 1.913(2)
AL(2)=N{%) 1.933(2)

Hean Al-N{not &) 1.306(3) Mean AL-N(4) 1.925(S)
Overall mean 1.513(6)

AL{1)-H{AL1) 1.53(3) AL(2)-H(AL2) 1.54(2)
AL(3)-H(AL3) 1.50(2)

Mean Al-H 1.52(1)

n(z)-c(1) 2679 3) N(2)-C(5) 1.,687(3)
N(I)-C(¥) 1,494(3) H(4)-C(13) 1.495(3)
Mean N-C 1.529(4)

Hean C-C(t~-Bu) 1.,525(4)

0(1)-C(17) 1.634(5) 0(1)-C(20) 1.416(5)
c(17)-C(18) 1.622(7} c(18)-c(19) 1.376(8)
c(19)-¢(20) 1.442(8)

Mean N-;!g—.‘i 86,3(2) Mean N-y,g—c; 128(2)
Mean N-Al-N(not &) 97.1(1) Mean N-Al-N(4) 90.9(1)
Mean Mg-N-Al 88,3(1) Mean Mg-N-C 127.7(S)
Mean Al-N(not %)-Al 83,.5(1) Mean Al-N(4)-AY 88.4(2)
Mean Al-N(not 4)-C 125.4(2) Mean Al-N(&)-C 126.4(9)
Mean N-C-C 109,5(2; Mean C-C-C{tc-Bu) - 109.4844)

N .
Deviation of the atoms from the least-squares plancs (A) for four-membered
rings in ((THF)Mg) (HAIN-t-Bu),

Mg N(1) AL(1) N(2) Mg N(1) AL(2) N(3)
-0,011 0,012 -0,013 Q012 0,011 0,012 0,014 0,012
Mg X2) ALY K3 ALY N(L) ALG)  N(G)
-0.015 0.017 -0.018 c.017 -0.039 0.039 -0,03% 0,033
AL(1) K(2) A1(3) N(&4) AX(2) N(3) Al(3) N(&)
0.036 ~0.036 0,035 -0.035 -0,0356 Q4036 =Q.035 0,035

a Dy, trigonal prismatic form (trigonal prism). The planes containing the three
Ca-bonded nitrogen atoms and the three oxygen atoms (of THF molecules) are
strictly parallel: the geometrical situation is well defined by the twist angle g, -
defined by Muetterties and Guggenberger [13]; (0° in a regular trigonal pnsm
and 60° in an octahedron) for which a mean of 42° was calculated

The mean Ca—N value (2.490(2) &) corresponds fairly closely to the sum of
the covalent radii [14] for the two atoms (2.48 =1.74 + 0.74 A). The Ca—O
bond distance (mean 2.539(9) A) is close to-the highest values reported [15]
for this bond (from .30 to 2. 55 R).



TABLE 5.

SELECTED GEOMETRICAL PARAMETERS FOR [((THF)3Ca)(HAIN-t-Bu)3] - THF.
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Q-Nk!)
Mean Ca-N -

AL(2)-N(1)
AL(3)-N(2)
Mean Al-N{not &)

Mean Al-H

o(1)-C(17)
C(18)-c(19)
a(2)-Cc(21)
C(22)-c(23)
0(3)-C(25)
€(26)-C(27)
Mean 0-C

N(1)-ca-N(2)
Hean N-Ca-N
0(1)~Cca-0(2)
Mean O-Ca-Q
N(1)-Ca-0(1)
N(2)~Ca-0(2)
N(3)-Ca-0(3)

Mean N-Al-N(not &)
Mean Ca-N-Al

Mean Al-N(not 4)-Al
Mean Al-N{not 4)-C

Kean N-C-C(t-Bu)
Mean O—C-C(THF)

.
Deviation of the atoms from the least-squares planes (A) for fcur-membered rings in

ca N(1)
0.042 -0.056

AL(1) K1)
-0.071 0.072

2.492(20)

2,490(2)

2.552(10)
2,539(9)

1.923(10)
1.,900(10)
1.908(10)

1.501(7)-

1.35(2)

1.46(2)
1.41(3)
1.62(2)
1,39(3)
1,66(2)
1.33(3)
1,438(8)

73.5(2)
73.2(2)
78.6(2)
79.7(1)
168,0(2)
167.5(2)
167,2(2)

102,7(1)
91.7(1)
88,4(3)

122.4(5)

110,2(5)

105(1)

AL(L)  N(2)

0.071

-0.,057

AL(2) N(&)

~-0.071

0.070

Ca-N(2)
Ca—{2)

AL(1)-%(2)
AL(2)-K(3)
A1(I)-N(2)

Overall mean
Mean N-C

0(1)-Cc(20)
c(19)-c(20)
0(2y-c(25)
€(23)-<(24)
0(3)-C(28)
€(27)-C(28)

N(1)-Ca-N(3)
0(1)-Ca-0(3)

N(1)-Ca-0(2)
N(2)-Ca-0(3)
K(3)-Ca-0(1)

Mean N-AL-N(4)
Mean Ca-N-C
Mean Al-N(4)-Al
Mean Al-N(&)-C
Mean C-C-C(t~Bu)
Mean C-C-C{THF)

ca N(1)
-0,038 0,051

A(1) N2
-0.C69  "0.069

2.493(10)
2.571(10)

T anyri1y
1.501{11;

1.872(12)
1,903(11)

1.908(11)
1.469(2)

1.65(2)
1.62(3)

. 1.654(2)

1.66(3)
1.41(2)
1.656(3)

72.7(2)
79.5(2)

111.2(2)
111.3(2)
112.2(2)

92,0(2)
129,3{(1)

B86a3(2)
127.8(2)
108.6(7)
108(2)

ar(2) N(3)
-0.065 0.052

AL(3) N(&)
-0.068 0.067

Ca-N(3)

Ca=0(3)

AL(3)-%(4)
Mean Al-N(4)

Mean C-C(t-Bu)

c(17)-c(18)
c(21)-c(22)

C(25)-C(26)

N(2)~-Ca-N(3)
0(2)-Ca-0(3)
N(1)-Ca-0(3)

N(2)-Ca-0(1)
N(3)-ca-0(2)

Mean Ca-0-C

2.486(10)

2.563(%)

14928010
1.9356(10)

1.545(11)

1.936(5)

1.52?(7)

1.67(3)
1,40(3)

1457(3)

73.3(2)
80.0(2)
96.9(2)

97.1(2)
96.7(2)

125.2(4)

Overall mean Al-N-Al 87.5%(3)

C-a-C{THF)

109(1)

((THF)JCH)(HAlﬁ-E—Bu)J.THF

Ca N(2)
-0.0%8 0.065

AL(2) N(3)
0.066 ~0,067

Al(3) N(3)
-0.081 0.065

AL(3) N(&)
0.064 -0,063

The conformation of THF coordinate molecules is of the “half-chair’ type;
the large thermal motion of the carbon atoms in the clathrate THF molecule
prevents a good conformational determination. Mean N—C bond lengths are
quite close in both compounds (means 1.495(3) in MgPIA and 1.49(2} A in
CaPlIA); it is 51gn1f1cant that the single highest value correspond in both cases to

the N(4)—C

bond.

TheC...C mtenndlecular contacts are greater than 3.75 A in MgPIA and
3.5 A in CaPIA; for this last compound a view of the packing is given ia Fig. 2.
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Fig. 2. A prepresentation of the packing of [((THF)3Ca)(HAIN-t-Bu)3] - THF. Proiection along the b axis.
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