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The compounds [((THF)Mg)(HAlN-t-Bu),1 (I) and [((THF)&a)(HAlN-t- 
Bu)~] - THF (II) have been structurally characterized from single-crystal diffrac- 
tion data. The molecular structures are based on an (AlN), “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) ii. Crystal data: I, 
orthorombic, space group Pbccz, a 17.107(2), b 17.305(4) and c 20.220(5) A, 
2 = 8, calculated density 1.031 gjcm 3; II, orthorombic, space group Pbca, a 
20.48(l), b 20.38(1);c 20.51(l), 2 = 8, calculated density 1.081 g/cm3. 

Introduction 

All poly(alkyliminoalane) derivatives (PIA), previously described in this series 
of papers have a cage structure built up of a framework formed essentially by 
aluminum and nitrogen atoms, corresponding in the most simple compounds 
to the (_41N), 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. [l], including a variety of pairs of main group elements, as (BN),, (MgO),, 
(BeO),, (CdS),, (MgS),, etc. with rz ranging from 1 to 8. 

In this paper we describe the c_rystal structure of the title compounds, in 
which there is an unusual replacement of an aluminum atom of a cubic (AlN), 
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 to 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) accurately centered on the dif- 
fractometer. 

Intensity data collection was carried out using MO-K, radiation (/3 filtered), 
on an automated Siemens AED diffractometer by the procedure previously 
described [3]. A total of 6440 reflections (3” < 6 < 27”) were measured from 
a crystal of MgPIA (average dimensions 0.3 X 0.7 X 1.0 mm), but 2680 with 
I > 3~(1) 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 i> 20(I) 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 
L 

CRYSTAL DATA FOR [((THF)Mg)(HAlN-t-B@31 AND [((THF)$a)(HAlN-t-Bu)a].- THF 
__--_ ___. 

Molecular fonnuia: [(C;IH~O)~I~(H.~!NC~H~)~] [(C~HaO)3Ca(HAINC4Hg)31_ C4HgO 
Molecular weight: 164.9 697.0 
Space group: Pbca P&X 

MolecuIes/unit cell: 8 8 
Cell constants: o = 17.107(2). b = 17.305(-1). CI = 20.48(l). b = 20.38(l). 
(MO-K, rad.. A = 0.71069 A) c = 20.220(5) a 
Cell volume: 5985.9 A3 

c = 20.5151’ A 
8560.9 A 

Xculated density: 1.031 g cm3 1.081 g cm_3 
Linear absorption coeffi- 

cient p: 1.75 cm’ 2.56 cm-’ 
--_____ 

(continued on p_ 269) 
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TABLE 3 

FINAL ATOMIC FRACTIONAL COORDINATES (X 10’) AND THERMAL PARAMETERS (X 102) FOR 
[((THF)~Ig)(HAlN-t-~u)31. 

x/a 

5262r3) 

3648(l) 

4286(l) 

4511(l) 

4256(l) 

asot 

5174(l) 

359611) 

LlO8(1) 

3301(2) 

4X33(2) 

4715(Z) 

‘541(Z) 

4GV0(2) 

531912) 

X57(2) 

5822(2) 

6101(2) 

6480(2) 

5516(3) 

2881(2) 

3134(2) 

2466(2) 

2320(2) 

6208(L) 

6825(3) 

7216<3) 

7016(4) 

6418(3) 

da 

Y/b TIC 

zrsl(t) 3463(L) 

2237(l) 3282(l) 

294211) 4335(l) 

3518(l) 3118(l) 

1904(l) 4017(l) 

2516(l) 2722(l) 

3268(l) 3849(t) 

3264(l) 3635(i) 

1210(l) 0025(i) 

1258(Z) 476o(2) 

492(Z) 3982(Z) 

1143(Z) 4969(l) 

2365(2) 1499(l) 

1495(2? 1577(Z) 

26:1(2) 1728(r) 

277&(2) 16$9(l) 

3763(Z) 1106(l) 

3456(2) 6765(2) 

3798(Z) 3601(2) 

4593(2) L221(2) 

3717c23 3733(l) 

4534(Z) 3994(Z) 

384ijZ) 3058(Z) 

3347(2) 4196(2) 

14ilil) 3L26(1) 

X686(3) 3906(3) 

781(3> 3861<3) 

U7(3) 3259(3) 

909(3) 2949(2) 

Y/b z/c 

%I %2 s33 
33ir3, 378<3) 377t3) 

350(3) 485(4) 349(3) 

354(3) 385(3) 275(2) 

519(6) 395(3) 335(3) 

36?(8) 356(8) 338(8) 

463(9) 682(V) 270(8) 

3X(8) 359(S) 340(8) 

387(9) 463(10) 349(9) 

497(13) 459(13) 558(15) 

767(19) 802(20) 703(19) 

e68(22) 401(13) 890(22) 

868(20) 610(17) 608(17) 

621(X5) 730(16) 28l(ll) 

llOV~25> 826tzo) 501~16~ 

933(23) 1066(26) 454(X5) 

902(21) ltO@(26) 317(13) 

527(14) 515(13) 553(15) 

5i4(18) 1033(25) 791<20) 

i31(20) 1213(27) 992(25) 

1170(29) 567(18) 1059(28) 

5~&13, 6X(16) 543(15) 

892(23) 758(21) 1337(32) 

715(19) 1153(26) 732(19) 

47iil5) 1267(27) 753(20) 

464(V) 653(X1) 666(11) 

955(28) 1306(33) 1629(42) 

1225cs.> 11,3(31> 1547(3V> 

Zcu(52) 1562(43) 1825(50) 

1184(31! 136803) 1054(29) 

8 

H'(C3) 

H"(C3) 

H"'(C3) 

H'(U) 

H"(t%) 

H"'(U) 

H'(C6) 

H"(C6) 

H""CC.5) 

H'(C7) 

H"(C7) 

H"'(C7) 

H'(a) 

H"(C8) 

H"'(C3) 

H'tClO) 

H"(ClO) 

H"'(Cl.0) 

2918(16) 1815(16) 3036(15) 785(79) 

Ll60(14) 3208(14) 5054(12) 573(61) 

4535(12) OZiO(l3) 2756(11) 543(56) 

3195(18) 821(17) ScmV(~C) Vll(85) 

2855(X7) 1355(17) MZB(l5) 956(SS~ 

B 
12 

a 
13 

3&(3) 9(3) 

-31(3) -58(3) 

8(3) O(2) 

22(3) 16(3) 

-64(7) -18(7) 

4(9\ -4(i) 

-65(i) -X2(7) 

117(8) -12(i) 

-89(11) -lC(ll) 

-229;17) liZ(l6) 

-122(14) -62(li) 

8(15) -104~16~ 

20(X3? 9(10) 

115(19) -50<.161 

-16(20) = 236(X6) 

126(19) -177(13) 

-177(11) ?(ll) 

-252(18) -337c173 

-534(20). 251(19) 

-2fSil8) -139(20) 

223(U) -6Li(l2) 

437(18) -155(22) 

458(19) -191(18) 

276(17) 150(16) 

2?2(8! -17(a) 

S69(25) -594(28) 

?OS~ZS> -‘59<31> 

1376(61) -X7(42) 

i86(28) -253(25) 

3256cla) 1753cta) 5020(15) 962(89) 

4628(141 433(14) 3814(13)- 641(M) 

aax 45(1.5) 4205(16) 674(72) 

3820(16) 566(16) 3663(16) 702(74) 

5185(15) 1wwlS) 4741(13) 614!67) 

4592(18) 676(19) 5216(17) 929(98) 

4737(17) 1622(li) 5227(U) 855(80) 

4022(19) 1269(19) 2054(16) lc42(95) 

4522(17) 1364(17) 1430(15) 668(85) 

taVZ(l6) 1239(X6? zloctrc) 750(77) 

5349(16) 3139(17) 175?(14) 492(77) 

SS44(20) 2336(21) 1874(19) 1168(114) 

5380(:7) 2591(19) X232(17) 950(89) 

3885<18) 3382(18) 1708~15, 798(86) 

3795(19) 2674(20) 1213(17) 1056(98) 

3291(17) 2564(13) 1820(15) 908(84) 

5664(21) 3429(211 5176U9) 1!12(115) 

6236(X7) 2929(X6) 469ltlb) 796(m) 

SW(22) 3773(X3 4912(1W lZl4(113) 

Afrn xls 

H'(Cl1) 6676(18) 

H"(Cll) 6379(21) 

H"'(Cl1) 68b3(20) 

H'(Cl2) 53X6(20) 

H"(Cl2) 5OJ2(22) 

H"'(Cl2) 5%?4<21) 

ti'(Cl4) 3etzc23) 

H"(Cl4) 2781(21) 

H"'(Cl4) 3148(25) 

H'(Cl5) 2693(24) 

H"(Cl5) 2LlU26) 

H"'(Cl5) 1924(22) 

H'(Cl6) 1871~7.0) 

H"(Cl6) 2599(18) 

H"'tCl6) 2245<17) 

H'(Cl7) 7347(29) 

H"(Cl7) 65.56(21) 

H'(Cl8) 7632(26) 

H"(Cls) 6961(24) 

r.'(cIV) 7353(27) 

H"(Cl9) 6918(20) 

H'(C20) 6568(27) 

H"(C20) 6028(24) 

Ylb 

3288119) 

390.%~21~ 

X69(21) 

6826(21) 

455S(lV) 

4936(23) 

4750(24) 

4894(22) 

4476(25) 

4232(24) 

3519t23) 

4171(23) 

3685(19) 

3262(18) 

2840(16) 

1984(28) 

1619(21) 

772(24) 

425(23) 

453(23) 

-3m22) 

1066(29) 

652(24) 

B23 

-38(3) 

-46(3) 

-16f2) 

55i3) 

68(7) 

-47(7) 

-43(7) 

3(7) 

98(1!) 

256(16) 

58(14) 

208~14~ 

-VO(ll) 

-325(15i 

-12(16) 

O(15) 

-119(11) 

-53(19) 

-224(21) 

-297(18) 

-LL(13) 

-416(21) 

102(19) 

-3(20) 

-127(V) 

-579(31) 

-202(30> 

-88U38) 

-"88(26) 

Z/C 3 

3669(16) 989(91) 

3219(18) 1143(110) 

3688(18) 1162(108) 

3811(20) 12a6(117) 

454X(19) 1259(111) 

L46L(20) 1023(126) 

4026(22) 1643(136) 

3942(19) 1351(121) 

6510(26) lkXS(l56) 

2840(20) 1330(128) 

2735(19) 126I3i127) 

3098(19) 1195(126) 

4X4(18) 1212(107) 

4b49(16) 970(U) 

4026i15) 839(85) 

3846(25) 2369(175) 

4425119) 1443(116) 

3925(20) 1525(131) 

0198(23) 1929(146) 

298X22) 17961144) 

3261(19) 1362(116) 

2586(25) 20X(164) 

2919(2:) 1729(134? 
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TABLE 3 

FINAL ATOMIC FRACTIONAL COORDINATES <X 104, AND THERMAL PARAMTERS (X 10’) FOR 
[((TI~F)3Ca)(HAlN-t-Bu)31 - THF. ’ 

ca 1985(l) 
NC11 22W2) 

N(2) 3319(2) 

N(3) 2729(2) 

K(l) 2%9(5) 

U(2) 1879(b) 

W(3) 3Cdt(Sj 

H(4) X05(5) 

C(1) 2559t7) 

C(2) 298300) 

C(3) 2934(7) 

C(O) 1976(a) 

CC51 1321C6) 

C(S) 1461(7) 

C(7). 1145(9) 

C(9) 719(7) 

C(9) 3523(5) 

C(10) 4ls9(7) 

C(11) 3793(9) 

cc121 3lYl(9) 

co31 3545(6) 

ccl61 3652(7) 

CC151 4178(6, 

'X16) 3184(8) 

O(l) 1237(4) 

C(17) 1418(7) 

C(l9) 794(10) 

C(19) 3X7(10) 

C(20) 563(9) 

Oft) 2*03<5, 

Cc?l> 2051(9~ 

CC221 2284(11) 

C(23) 2728(11) 

C(20) 2631(9) 

O(3) 1023(4) 

C(25) 672(9) 

C(2.5, 123Cl2~ 

C(27J 37*(*x, 

cxia) 9aN8) 

ACCU xl0 

O(4) 

ct29; 

C(30) 

C(X) 

C(3G 

-399(131 239(131 4511(13) 1675(as) 

95(20) 562(20) 4637(20) X46(133) 

96t22) 619(21) 5329(22) 1939(155) 

-364(21) -102(21) 5679cIl) 1743(147) 

-557(19) -336(19) 6879(20) 13A6(127) 

H(NL> 

nwa 

MN31 

r.'<CZ?) 

H”!U) 

2Ob2(3J) 293fc35) 3934(37) 2Ol(192) 

3926(42) 1997(42) 2910(43) 591(2Lb) 

2753C41) 3939fbl) 2091(41) 669(236) 

3393C41) 1349(39) 399bC40> 415~226) 

276309) 1689(bo) 4272(39) 457C224) 

da 

1995(l) 

2729(2) 

2265(2) 

3324(2) 

1969(4) 

3064(4) 

2539(5) 

3105(4) 

l319(6) 

1473(&I) 

719(6) 

11?2(9) 

3506(6) 

4105(6) 

3764(9) 

3179c1 

2567<6) 

2997(a) 

1966(7) 

2943(a) 

?541(6) 

3192(T) 

3659C7) 

4173(7) 

2244(4) 

2660(a) 

2724(12) 

2272Ni) 

2016(9) 

1033cr, 

961(9> 

371(11) 

llO(lOi 

465(E) 

1240(O) 

14X2(9) 

7s3trr1 

36LCx., 

576(a) 

Y/b 

E/C 

1995(l) 
3321(2) 

2722(Z) 

2265(2) 

3056C5) 

2549(5) 

zaas(5) 

31o9(5) 

3sal(7) 

4iiac9) 

315917) 

3771(a) 

2576(7) 

2989(a) 

1993(9) 

2960(a) 

137.0(6) 

lbbS(9) 

1175(S) 

692C9) 

3539(7) 

4160(7) 

3176(9) 

3649(a) 

1024(5) 

473(S) 

X43(12) 

370111) 

975(9) 

12csC5, 

592(9, 

32600) 

784(10) 

1410(a) 

2241(5) 

2651(9) 

2775(12) 

*x.6(12, 

x)M<9) 

911 

267(X1) 

3‘w19) 

276(17) 

270(X7) 

352(SO) 

279Cb9) 

'310(46) 

360(51) 

475(76) 

1136039) 

614(96) 

66NlOS) 

386(72) 

463(79) 

549(99) 

457C79) 

263(63) 

523(963 

792003) 

6966(101) 

339(68) 

515(90) 

30700> 

725(x08) 

37ac48) 

617(92) 

813(135) 

a8owo) 

477(95) 

620(58) 

7S4C106) 

1461(175) 

i506(199) 

995(114) 

499(50) 

653(102) 

~lsstl66) 

IlZ6(t65) 

517(M) 

922 933 912 

2Bo(ll) 287(17) -1lml) 

xYx19) 259(24) 23(17) 

363(19) 2%(26) 45(16) 

243(16) 317(24) 2(15) 

ZOi(b9) 295C59) 74139) 

234@2) 459(72) 76(38) 

43ac54) 280(6B) 41(6;) 

271(47) 236(63) -1Cbl) 

241(69) 393(87) 53(56j 

66M106) 575(123) 139(99) 

314(6S) 419(96) -19CS9) 

662(9?) 41l(lW) -167(79) 

346(69) 369(90) 94(56) 

266(70) 955(124) 194(57) 

512!97) 729(120) lb(71) 

546691) 757(120) 230(69) 

476(72) 95(91) -lOl(SZ) 

971(111) 396(1Oi) -6Ot92) 

403(90) 470(104) 139(74) 

690(95) 3644(10-s) -13X(79) 

j94(71) 277(90) -99(53) 

472(85) 375(99) -10(65) 

6A9(90) 670(112) -163t67; 

300(78) 729(122) -98(69) 

527(53) 529(65) 125(43) 

903(112) bfx(112) 135(79) 

1729(219) 1384(199) 344(137) 

1577(la4) 994(17bl -39(131) 

960:109) 552(109) -1(91) 

469(51) 411(59) 13(&E.) 

384C92, 609C113) 172(80> 

1417(175) 821(153) 397(ib6) 

838(134) 963(147) 239(135) 

630(95) b77(110) 190(97) 

476(51) b31(62) -109(39) 

754cro2) 996(13b) -234(94) 

1033exO) 1636(221) -194(127) 

926tl32) raa9~za4) -65ul2L) 

6ui99) m7.<127) -177<72) 

913 

-lO(ll) 

err(l7) 

-11(19) 

4509) 

44(45) 

49(45) 

49(65) 

24(45) 

-47(64) 

-165(107) 

-61(73) 

172(79) 

41C.53) 

-53C74) 

4(92) 

11X76) 

-67(53) 

-49(72) 

243192) 

96(75, 

23(57) 

-115(69) 

-91(71) 

-153(96) 

-110(42) 

-63(79) 

93(129) 

463(1?6) 

-291(73) 

99(50) 

-33c91, 

-79(133) 

177(1M) 

O(90) 

57(46) 

465(99) 

627(16oo) 

427tl54) 

194(95) 

'23 

b(12) 

-91(17) 

15(19) 

39t16) 

132(41) 

-13cba) 

41(47) 

-5C4.4) 

-33(W) 

139(95) 

-3(63) 

140(79) 

-1O9(61) 

-229(727 

149(93) 

--79(77) 

39(56) 

-201(95) 

-51<72) 

-3lC77) 

-1lOC59) 

-4(69) 

-49ca2) 

-M(72) 

25(47) 

205(87) 

aa7ci68) 

302(143) 

254(97) 

-75(42) 

-3.x78) 

-777(135) 

21c111: 

-105(90) 

122(46) 

-155(94) 

-i95(145) 

-2lStl3.5) 

-1W95) 

dc B ASCQ da Y/b 

O(5) 

Cl33) 

C(34) 

C(35) 

C(36) 

519(16) -171(17) -29X17) 2CO3(122) 

33(29) 301(28) -47i(27) 2276(230) 

-4aN30) 490(30) -300) 2471(258) 

-345t27) -231(2a) 381(28) 2232(220) 

292(2a) ;r44(27) 304(28) 2211(217) 

H"'(C1.L) 39.15(46) 3493c48) 

IP<clS) ula9(39) 3913C39) 

H"(Q5) 4362(bb) 3296(43) 

H"'CCZ5) bbEZ(53) .4032(53) 

H'CCl6) 2905(41) 3943(41) 

a 

4442(50) 995(234) 

29co(41~ 516C222) 

3149(45) 743(259) 

3492(X) 1261(343) 

3919141) 560(239) 
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TABLE 3 (COntinWd) - 

H”‘(C2) 

H'(C3) 

H"(C3) 

H"'(C3) 

H'(CG) 

H"(C4) 

H"'(U) 

H'(C5) 

H"(C6) 

H'"(C61 

H'(U) 

H"(C7) 

H"'(C7) 

H'(Cs) 

H"(C8) 

H"'(C8) 

H'(ClO) 

H"(Cl0) 

H"'(Cl0) 

H'(Cl1) 

H"(Cll) 

xfr 

2993(38) 

2576(42) 

3099(W) 

314a(46) 

1823(51) 

1574~51~ 

1926(47) 

15oo(41) 

1772W) 

1056(40) 

715(48) 

1217(55) 

1333(49) 

SW3i) 

909(45) 

456<52) 

394X45) 

4333(40) 

4409(36) 

3963(52) 

3AO2(43) 

Yfb 

966(39) 

053(39? 

@C4(3e.) 

508149) 

705(51) 

1053c52) 

1329(48) 

3839(42) 

43X(38) 

4380(40) 

3710(48) 

6236(54) 

3525(5X) 

2867(34) 

2730(46) 

3439(19) 

3431(45) 

2766(40) 

3048(36) 

1432(52) 

1637(42) 

4393(42) 

2842(38) 

26SS(41) 

3414(49) 

3909(52) 

3SlW53) 

4228(50) 

3429(43) 

2897(39) 

2992(41) 

202~~48~ 

1892(54) 

1574(52) 

2569(38) 

316&(W) 

3089~50) 

159X46) 

1672(44) 

998(38) 

1425(51) 

lLZO(42) 

a 

410(223) 

430(233) 

50X230) 

937(294) 

ua7(3313 

819(329) 

964Nw)S) 

678(245) 

393(213) 

449(226) 

11?4~300> 

1562(3X) 

1040(318) 

339(194) 

895(286) 

llL6(317) 

686(268) 

510(241) 

316!210) 

llM(327) 

544(245) 

MC2 xl= 

H"(Cl6) 3096(43) 

H"'(Cl5) 347lC45) 

ii'fCl7) 1588(45) 

H"(Cl7) 1753(44) 

H'(Cl8) 586(50) 

H"(Cl8) 798(3i) 

H'(Cl9) -108(42) 

H"(O-9) 383cT.O) 

H'(C20) 528(44) 

H"(C20) 319(49) 

H'(C21) 1552(42) 

H"(C21) 2233(39) 

H'(C22) 1908(53) 

H"(CZZ) 2406(52) 

H'(C23) 2616(55) 

H"(C23) 3114(Sl) 

H'(C24) 3015(41) 

H"(CZ4) 2368(U) 

H'(C25) 691(41) 

H"(C25) 225(48) 

H'(C26) 192(61) 

H"'(Cll) 3881(49) 1951(48) 732(50) llM(313) , H"(C26) -35%59) 

Hr(C12) 3499(32) 28S4(34) 322(36) llt(l80) H'(C27) 456(45) 

H"(Cl2) 3020(41> 3297(41? 782(42) 579(252) H"(C27) 43(56) 

H"'(Cl2) Z&34(43) 2555(44) 574(45) 895(279) E'(C28) 1066(45) 

H'(U4) 3238(39) X70(38) 434M40) 483(222) H"(C28) 1362(43) 

H"<Cl&) 29‘1(41, 2763CC2, 4088C42, s.z.(261) 

Yfb 

M26(43) 

4522(47) 

3062(5;4) 

2495(4.88) 

308X(49) 

2754(37) 

2333(43) 

192201) 

1631142) 

223X47) 

¶48(43) 

lZSO(3S) 

132(54) 

289(49) 

-253(56) 

196(53) 

704(41) 

213(41) 

1653(41) 

1805(44) 

aal 

851(S5) 

-59(43) 

281(55) 

558(45) 

366(45) 

rlc a 

3177(44) 698(i61) 

38X2(47) 675(287) 

638(46) 548(272) 

268(49) 785(273) 

266(52) 1039(313; 

-304(U) 379(220) 

225(45) 663(271) 

99(50) 1155(338) 

1038(M) 586(250) 

1345(47) 883(302) 

570(46) 6LU263) 

357(40) 413(227) 

326(55) 1322(359) 

-125(47) 94Ool309) 

SZF(55) 1;95:361) 

S94(56) 1220(336) 

1587543) 517(247) 

1769(41) 448(232) 

2993(42) 494(241) 

2428(50) 802(275) 

3236(61) 1535(607) 

2693(56) 1350(382) 

2596(48) 843(278) 

2001(53) 844(370) 

1524(46) 614(272) 

2262(47) 7.31(274) 

= 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 (B = 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 param eters of ail non-hydrogen atoms, gave a final value of 

R = 0.057. 
The crystal structure of CaPI_4 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 
Ew(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. [‘il. All the computer pro- 
grams, except the MULTAN, wereby 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 (HAIN-i-Pr), [9], (MeAlN-i-Pr), [9] and 
(Fh_41NPh)4 [lo], whose structure consists essentially of a “cubane” skeleton 
(AlN). 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 CaF’IA 
with increasing size of the alkaline earth atom and the coordination number 
(&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 AI-N bonds, which in both compounds lie between 
1.9r30 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(l)-Al(l)-N(2), N(l)-_-41(2)-N(3) and N(2 jAl(3)- 
N(3)) are enlarged to 92.2(l)” and 102.7(l)” in MgPIA and CaPI_4, respectively. 
The general rule [3] by which in 4-membered rings (Al-N), bond angles at N 
are smaller than at -41, is obeyed in spite of the vario~--s distortions, as may be 
appreciated by inspection of Table 3. 

The different degree of distortion, markedly increasing on passing from 
MgPIA to CaPIA, may originate the extent of displacement of the atoms be- 
longing to a 4-membered ring (AIN)Z out of their least-square_ planes (see Tables 
4 and 5). It is worthwhile to note the significant lengthening of the three Al-N 
bonds converging to N(d), i.e. the atom situated at the corner opposite to that 
of the alkaline earth metal: the mean of these three Al-N bond distances in- 
creases from MgPIA (mean 1.925(l) A) to CaPIA (mean X937(5) a) while for 
the other Al-N bonds the mean distance is 1.906(6) A for MgPIA and l-902(4) 
A for CaPLA: 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- 
larizabihty of t.he 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 
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Fig. 1. perspective view and numbering scheme of the molecules of [<(THF)hIg)(HAlN-t_Bu)3 1 ad of 
[((THF)xCa)(HAlN-t-Bu)3 J - THF. 

character of the adjacent N’-Al bonds at expense of electron availability for 
the next Al-N(4) bonds. 

The Mg-N bond distance (mean 2.090(4) A) is quite close to that found in 
the dimer [(CH3)2N(CH2)2NCHsMgCHs]2 [ll] (means 2.107(3), 2.102(3) A), 
while the Mg-0 bond distance (2.002(2) A) may be compared with the values 
of 2.01(4) and 2.06(4) A f ound for the ethyl ether oxygen-t-magnesium dative 
bond in &H,MgBr - 2C,H,,O 1121. The calcium atom is 6-coordinate with a 
geometry intermediate between a D.% trigonal antiprismatic (octahedron) and 



TABLE 4 

SELECTED GEOMETRICAL PARAMETERS FOR E((THF)M~)<HA~-~B~~~~_ -. 

2.093(3) 

2.02(Z) 

ng-W(<l 

MS-o(l) 
ng-N(1) 2.098(2:‘ 

b%3-?J(3) 2.090(2) 

~eal-l &-N 2.090(O) 

N(lbN!l) 1.90X2) 

N(l)-N<&) l,Gl7(2) 

N(2bW3) 1.89X2) 

N(3)-tG2) X.910(2) 

A1(3)-N:1) 1.933(2) 

Hem-m N-Hbmc &) 1.906!3) 

Over*1r em t.913<t> 

N<l>-H:Nl~ 1.53(3) 

Al(?)-H(N31 1.5C(2) 

Eean N-H l.SZ(lJ 

#(:)-C(i) :.c"9(3! 

N(3)-C(Q) 1.490(33 

Xeen N-C 1..'.'~3(0~ 

nean c-c(c-a") l.szs(a) 

O(l)-C(l7) l.O3ir(5) 

C(l7)-C(16) 1.822(7> 

C~l9)-C(ZO) 1.602(E) 

Ma" .-&-, %6.3(2) 

&fean N-N-NbX 0) 97.1(l) 

nean Q-N-N 88.3,(l) 

b,ean N-N(not 5)-N 89.5(l) 

man Al-H(not 61-C 125.4(2~ 

nedn Pi-C-C 109.5(2i 

N(l)-H(2) 

N(Z)-N(Q) . 

N(Z)-N(b) 

N<3)-N(3) 

biean N-N(O) 

N(2)-H(N2) 

K(tbC(5) 

N(4)-Cc131 

O(l)-C(20) 

C(lS)-cc191 

S.w9(2) 

1.9w2) 

1.9i6(2) 

1.913(Z) 

1.9250) 

1.50(2) 

1.687(3) 

l.b95(3) 

l&16(5) 

1.376(8) 

12S(2) 

90.9(l) 

127.7(S) 

Hea” N-N-N(O) 

neM H@+c 

%ka?l N-X(4)-N 88.4(Z) 

?kan N-H(b)-C 126.1(9) 

xelxn c-c-ccc-eu, Lo9.4<~) 

Cevtatfon of the accm.s frca the least-,quares plants (i;, for fourcecbered 

rlngr tn ((lXF)!4&hAlN-t-llu), 

a X(l) Al(l) S(2) %? N(1) N(2) N(3) 

-0.011 0.012 -0.013 0.012 0.011 -D.OlZ 0.014 -o.Olz 

Hs I;(Z) N(3) H(3)- N(l) N(1) N(2) N(b) 

-0.ol5 0.017 -q.OlB 0.017 -0.039 0.039 -0.039 0.039 

N(1) h‘(2) N(3) N(4) N(2) H(3) N(3) N(4) 

0.036 -0.036 0.035 -0.035 -0,036 0.036 -0.035 0.035 

a Deb trigonal prismatic form (trigonal prism). The planes containing the three 
Ca-bonded nitrogen atoms and the three oxygen atoms (of THI? molecules) are 
s*ictly parallel: the geometrical situation is well defined by the twM, angle o, 
defined by Muetterties and Guggenberger [13];- (0” in a regular trigonal prism 
and 60” in an octahedron) for which a mean of 42” was calculated. 

The mean Ca-N value (2-490(2) A) corresponds fairly closely to the sum of 
the covalent radii [14] for the two.atoms (2.48 = 1.74 + 0.74 A); The CaO 
bond distance (mean 2539(9)-A) isclose to-the highest values reported 1151 
for this bond (from 2.30 to 2-55 A). 
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TABLE 5- 

SELECTED GEOMETRICAL PARAMETERS FOR [((THF)3Ca)(HAlN+%u)3] - THF. 

cl-S(l) 2.492(10> 

xcan Ca-N Z.A90(21 

IX-QW 2.552(10> 

~c.a-0 2.X%9) 

N(l)-N(l) 1.923(10; 

Al(2)-N(l) 1.9ax10~ 

Al(3)-N(2) 1.908(10) 

Hek? Al-Y(ru.C AI 1.901(7> 

&$&-I Al-N 

o(l;-c(l7; l.A6(2; 

C(18bC(19) l.61(3) 

o(z;-C(zl; l.A2(2) 

'.X22)-'X23; 1.39(3) 

O(3)-C(25; l.A6(2) 

C(261-C(27) 1.3X(3> 

Hean0-C 1.63a(a; 

N(l;-12-N(2) 73.5(2; 

Wean Pi-Ca-N 73.2(2; 

O(l)-C.¶4(2) 79.6(2) 

neanc-a-0 79.7(l) 

N(f)-Ca-O(l) 168.0(Z) 

N(Z)-Ca-C(Z) 167.X2) 

N(3)-Ca-O(3; 167.2(2) 

Hean N-N-!i(not 4) 1?2.7(1) 

&lean Ca-S-N 91.7(l) 

Kean N-N(not 41-N 88.4(3) 

Hean N-ti(nSZ 4)-C 122.4(S) 

neam s-c-rxc-au) 

NearI o-c-c(nn) 

110.2(S) nean c-C-cxr-B"; lOa.6(71 

105[1, z.fean C-C-C~IFW 109(z) C-O-C~T?.F> lo9tr) 

Devfatian of the 6C1ims frcr the least-squares planes (i; fof fcur--Jezbered rinss fn (t~),~;(~s-.~-a~)~.~F 

c¶ N(I) 

0.042 +).0X 

N(l) N(l) 

-0.071 0.072 

N(1) NC21 C.¶ S(l) N(2) ti(3) ca N(2) N(3) N(3) 

0.071 -0.057 -0.038 0.051 a.065 0.052 -0.04a 0.065 -0.081 0.065 

N(2) N(4) N(l) N(Z) N(3) N(4) N(2) N(3) Al<31 N(4) 

-0.071 0.070 -0.069 '0.069 -0.068 0.067 0.066 -0.067 0.064 -0.063 

Ca-N(2) 

overall zzean 

Hean N-C 

o(l;-c(20; 

c(19;-c(20) 

0(2;-C(24; 

C(23;-C(24; 

0(3)+X28) 

%x2?)-C<ZS) 

N(l)-Ca-N(3) 

H(l)-ca-o(Z) 

N(Z)-CT-'X~) 

a(3;-c¶-o(l) 

?iean N-N-N(4) 

Hean GE.-N-C 

Mean N-N(4)-N 

Mean N-H(4)-C 

2.A93(10) 1%-h'(3) 

2Sz-l(101 

1.901(111 

1.672(12) 

1.903(11~ 

1.908(11) 

r.A9(2; 

1.44(Z) 

l.A2(3) 

1.04(Z) 

1.46(3) 

1.41(21 

X.116(3) 

72.7(Z) 

79.sc2; 

111.2(2) 

111.3(2) 

112.-2(2; 

92.0(Z) 

129.3(l) 

a*(3) 

Al(l)-N(4) 

hl(Z)--i(L) 

;3(3)+xA) 

Hear. N-!i(h; 

Hean c-cct-au; 

c(17;-c(la; 

C(ZI)-C(2i) 

C(25;-C(26) 

N(2)-CA-N(3) 

O(2)-C+O(3; 

N(l)-Ca-o(3> 

N(2)-C-+0(1) 

N(3)-Ca-o(2; 

nean c¶4c 

2;A86(10) 

2.543(9) 

1.923(10) 

1.936(10) 

1.9.e=(11) 

1.936(5) 

1.52X7; 

1.6713) 

l&00(3) 

i.47(3) 

73.3(2) 

80.0(2; 

96.912; 

97.1(2) 

?6.7(2) 

125.2(4) 

a6.3tz) 

127.8(z) 

Over.%Ll lean AL-N-AI 87.4(S) 

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. &lean N-C bond lengths are 
qtit-e close in both compounds (means l-495(3) in MgPIA and l-49(2) A in 
CaPIA); it is significant that the single highest value correspond in both cases t-0 
the N(4)-C bond.. 

The C . . . C intermolecular 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 in Fig. 2. 



Fig. 2. A prepresentation of the packing of [<(THF)3Ca)(HAl?I-t-Bu)3] - THF. Projection along the b ;zris_ 
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