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The slructures of" (O--Ge)-bischelate bis(lactamomethyt)difluoro- and -dibromo.germanes 
[Lr 2. where L is the bidcnlate lactamomethyl C.O-chelatmg ligand, n = 5---7 (the size 
of the lact:lm ring), and X = F" or Br, were studied hy X-ray diffraction analysis. The six- 
coordinate Ge atom in these compounds is involved in two hypervalent X--Ge--O bonds 
whose parameters are compared with the corresponding valtles in analogous dichlorides and 
five-coordinate (lie derivatives. On going from difluorides to dichlorides and then to di,bmmides. 
the coordination environment .]botit the Oe atom approaches the ideal octahedron An 
analogous effect is observed as the size of  the lactam ring increaaes. 

Key words: six-coordinate germanium compounds: synthesis; intramolecular coordination; 
X-ra)  diffraction sltldy. 

Organic  de r i va t i ve s  of  h y p e r c o o r d i n a t e d  g e r m a n i u m  
are s tudied to a m u c h  lesser ex ten t  t h a n  thei r  Si and  Sn 
analogs (for  reviews,  see Refs. I a n d  2 and  references 
ci ted t h e r e i n ) .  3 T h e  major i ty  o f  s tud ie s  of  hype r -  
coo rd ina t ed  Si a n d  Sn derivat ives were devoted  to c a m -  
pounds  with N.-; ,M c o o r d i n a t i o n  b o n d s  (M = Si or Sn).  
In the case o f  G e ,  nlt)st of  the s tud ies  c o n c e r n e d  c o m -  
pounds  with O-->Ge coo r d i na t i on  bonds .  "t's In par t icu-  
lar, s i x - c o o r d i n a t e  g e r m a m u m  c o m p o u n d s  con ta in ing  
l a e t a m o m e t h y l  C . O - c h e l a t i n g  l i gands  ,,,,ere used as 
models  o f  t r a n s i t i o n  states in S~. r eac t i ons  involving the 
f ive -coord ina te  G e  a tom.  6 

It should  be noted that the series of  b i s I l ac tamo-  
methyl)  derivat ives of  s ix-coordina te  g e r m a n i u m  6 - s  and 
tin 9 studied by us previously fall into tv, o groups of  
c o m p o u n d s  markedly differing in structure. I n dihalides 
of  the general  formula  [L~"II2MX2 (L is the  b identa te  
l ac tamomethy l  C .O-che la t ing  ligand; n =- 5 - -7 .  ~,hich is 
the size of  the lactam ring: M = Ge or Sn: X = Hal).  the 
Hal a toms and  the coord ina t ing  O atoms,  which  are 
involved in the nearly oc tahedra l  coord ina t ion  env i ron-  
ment  about  the M atom,  are in ci.~" positions,  whereas  the 
carbon a toms  are in trans posi t ions with respect  to each 
other ,  i.e., the  M a tom lorms two ident ica l  l inear  
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hypervalent  X - - M - - O  bonds  The replacement  of  one of  
the Hal atoms (except for I) by a better leaving group Y 
/O'IT, BF 4, I, or  13), which has been per/brnled only in 
t he  case of  Ge compounds ,  Icd to a change m the 
coord ina t ion  of  the Ge atom fi)r (5+ I). This coordina-  
tion environnlent  is intermediate between an octahedron 
and a trigonal pyramid with the C and O atoms and the 
monoden{ate  ligands located in trans positions rela- 
live to each other. The hypeB, alent O- - -Gc- -O  and 
H a I - - G e - Y  bonds differ substantially in properties. 
Thus,  the f o r m e r  bond is virtually symmetrical ,  whereas 
the componen t s  of  the latter bond can be considered as 
an actually covalent H a l - - G e  bond and an essentially 
ionic Ge . . .Y  bond located at a dis tance close to the sum 
of  the van der Walls radii of  the atoms. 

In the present work, we consider  and analyze the 
results o f  X-ray dif f ract ion analysis of  ~,ix-coordi- 
hate ge rmanium derivatives conta in ing  lactamomethy[ 
C .O-che la t ing  ligands with the weakest O ~ G e  coordi-  
nat ion bond. viz., difluorides l a - - c ,  and compounds  
with stronger O-->Ge bonds, vi:.., dichlorides 2a- -c  and 
dibromides  3a--c .  Difluorides la ,b  and dibromides 3a- -e  
are considered fi)r the first t ime. Ditluoride le ~ and 
dichlor ides  2a - -c  7 studied previously are also discussed 
because they comple te  lhe series of  dihalides. 

~_.~ (CH2)n 

=9  o <c. 
..... ' ~  

ta - -c ,  2a- -c ,  3a- -c  

X = F {1), CI (2). 6 ;  (3): n = 1 (a), 2 (b), 3 (c) 

Results and Discussion 

Syntheses of  dif luoridcs l a - - c  and d i b r o m i d e  3c by 
the reactions of d ichlor ides  2a - - c  with A g F  and of  
dichloride 2c with k iBr  or  Me3SiBr, respect ively,  have 
been reported previously, m Dibromidcs  3 a - - e  under  
study were prepared by transmetallatzon s tar t ing f rom 
N-trimethylsilyllactams and b i s ( b r o m o m c t h y l ) d i b r o m o -  
germane taken in a ratio o f  2 : 1 ana logous ly  to a 
procedt,re reported previously For the synthesis o f  d ich lo-  
rides 2a - -c  from the corresponding s i ly l lac tams and 
b~s(chloromethyl)dichlorogermane 7 (Scheme  I). 

Scheme 1 

F- - -  (CH2L  
2 t.., 

I 

S iMe  3 

(BrCH2)2GeBr 2 

-2 Me2SiBr 

3 a - - c  

These reactions wcrc per formed under  cond i t i ons  of  
t i lermodynamic control .  Possible in termedia tes ,  which 
have been observed  in particuh~r in r e a c t i o n s  o f  
si t , , l lactams with ( C I C H 2 ) 2 G e C t  2, vi: . ,  O - g e r m y l -  
medwlat ion products,  7 were not analyzed in the present  
study Dibromides  3 a - - c  were obtained in 75- -85% 
yields. The structures o f  the resuhing c o m p o t m d s  v, ere 
confirmed by IH and 12C N M R  and IR spec t roscopy  
and elemental  analysis. 

l h e  IR spectra of  d ib romides  3 a - - c  ( so lu t i ons  
in CHCI3) .  like those  of" d iha l ides  i and  2 d e -  
scribed previously, t0 have two bands in the re~ion o f  

Table 1. Chemical shifts in the ~1-1 and J3C NMR spectra and fl~e spin-spin coupling constants (2JHH) 1br (O--Ge)-bischelate 
bjs( lactamomethyl )dibromogermanes 3a--c ( in C DC 13 ) 

Corn- 6 I2JHH/Hz) 

pound 
I-t(3); Hi4): H(5~: H(6): H(7): NCH_.2Ge; C=O 
C(3 ) C(4) C(5) C(6) (2(7) NCH 2Ge 

3a 2.53 I t , . / =  6.1); 2. t2 ( q , d =  6.1): 3.60 (t, J =  6.1): 3.34(br.s); 
28.77 17.07 54.00 49.83 176.81 

3a* 2 . 7 7 ( t , J =  6.1E 2.25 ( q . d = 6 . 1 ) :  3 . 7 9 ( I . J = 6 . 1 ) :  3.71 (br.s); 
28.79 16.07 54.98 50.83 175.76 

3b 2.50 (1. d = 6.0): 1.79 (m): 1.92 (m): 3.63 H, J = 6.0): 343 (br.s): 
28.27 19.45 21.94 4904 43.I8 174.38 

3b" 2.43 (t. J = 6.0t. 1.80 (m)i 1.93 (m): 356 (t, J = 6.0); 3.17 (br.s), 
2898 20.07 21.94 57.41 49.52 172.31) 

3c 2.58 (t. d = 6.3): 1.70 (m); 1.79 (m); t.9~ (mL 3.54 U, J = 6.3); 3.38 (br.s): 
29.78 21.79 25.89 33.49 59.53 51.58 177.85 

3c" 2.67 (t, J = 6.3): 1.71 (m): l.S0 (m): 1.97 (m): 3.67 (t, J = 6.3): 3.88 (br.s); 
29.60 21.78 25.54 32.98 52.57 ..17.60 180.08 

* The chemical shifts of the signals of the second slcreoisomer 
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1700--1500 cm -~ be longing  to strongly coupled v (C=O)  
and v ( C = N )  s t re tch ing  vibrations of  the amide flag- 
ments (a medium intensi ty  low-frequency band and a 
s trong h igh- f requency  band).  Their  positions and in- 
tensities arc vmua l l y  independent  of  tile nature of  the 
ha logen atom. 

The IH and 13C N M R  spectra o fd ib romides  3 a - - c  
( C D C I O  have two sets of  signals with difl'erenl integral 
intensities (Table 1). At ~20 ~C, their ratios were as 
(olIows t%): 86 : 14 (3a).  90 : 10 (3b), and 64 : 36 (3c). 
In the ~H N M R  spectra,  tile signals of  tile NCH2Ge 
groups in both sets are observed as broadened singlets. 

At low tempera ture ,  the broadened signal for the 
protons of  the N C H ~ G e  group in the major set is 
mmsformcd into at quartet  of  an AB system. Tills tem-  
perature dependence  o f  the signals for the above-men-  
t ioned protons has been observed previously for dihalides 
[L(nq2MX2 (M  = Ge  or  Sn: X = Hal l l ;  in the crlstalline 
state, these con lpounds  occur  as stereoisomers with cis 
arrangement  of the monoden ta te  halogen ligands). This 
dependence  was at t r ibuted to the lhct that solutions 
conta in  the same s tereoisomcr  in which the above- 
ment ioned  protons are diastereompic due to lhe pres- 
ence o f  the chiral center  (the central atom) in the 
molecules  o f  these dihalides. An increase in the tem- 
perature is accompan ied  by broadening and subsequent 
coalescence first of  the signals of the quartet of Ihe AB 
system and then of  tile signals of the identical groups in 

both sets. These  data suggest that  bo th  the diastereomer 
with tile cis arrangement  o f  the  Br atoms and tile 
dias tereomer with the tron.s conf igura t ion  of  the like 
tigands are present in solut ions (this suggestion wil t  be 
discussed in detail elsewhere). 

The geomet r ic  parameters o f  tile valence environ- 
ment about tile Ge atom in the s t ructures  of  l a - - r  and 
3a- -e  (Tables 2 and 3) and in d i ch lo r ides  2a - - c  reported 
previously 7 reflect pronounced regulari t ies associated with 
a change in the size of the l ac tam ring and tile replace- 
ment o f  the halogen tigands. As a result o f  an increase in 
the size o f  the ring and a c h a n g e  from fluorides to 
chlorides and then to bromides ,  the  coord ina t ion  envi- 
ronment about the ge rman ium a t o m  approximates an 
octahedron,  which, for example ,  tbl lowed from an in- 
crease in the C - - G e - C  angles. Moreove r ,  this regularity 
is manifested in the d(Af2) d e p e n d e n c e s ,  6 where d are 
the lengths o f  the componen t s  o f  the hypervalent bonds 
attd ,..~ are the deviations o f  the solid angle ~) (which 
involves these components  and is de te rmined  by the 
directions of  the pset ,doequator ia l  bonds  of  the Ge 
atom) from the ideal ~alue (2,~) cor responding  to tile 
symmetrical  X - - G e - - O  hypervalcnt  bond.  

In molecules  l a - -c ,  2a - -c ,  and 3 a - - c ,  the Ac.) ~atues 
-~~ 42"-', are 52 ~ , 4 ~ .  37 ~ 43% 30 ~ , 38% 30 ~ , and 26 ~ , 

respectively (the average values fi)r two virlually identi- 
cal hypervalent bonds in each m o l e c u l e  are given). -lhe 
typical cor re la t ion  doc_O('A~) is shown in Fig. 1. 

Table 2. Bond lengths (a') in the hyper',alem fragments of molecules I and 3 (X = F (I) or Br (3)) 

13 o n d d~ A 

la  lb Ic" 3a 3b 3e 

Ge--X{ I) ~.754t4) 1.798(6) l 799(11 2.458(I) 2.520(2) 2.506(I) 
Ge--X(2) 1.754(4) 1.790(7) 1.799(2) 2.472( 1 ) 2.461 (2) 2.483(I) 
Ge--Ot I) 2.265(4) 2.232(7) 2. 135(3) 2.203(6) 2.090(7) 2.089(4) 
G e -  O~2) 2.265f4) 2. I ,q7i(,) 2. 185(3) 2. 139(6) 2. I I I (5) 2.087(4) 
Ge--C(I)  1.967(5) 1.887(8) t.945i4) 1.965(7) 1.958(9) 1.965~61 
Ge-.C(y)** 1.967(5) 2.001(6) 1.945t4) 1.983(7) 1.952(9) 1.9396) 

" According to published data. 8 
"* The atom is generated from the basis atom by s~mmetc:, operations: y = In" (la,c),  6 (2a). 7 ill), and 8 (2c). 

Table 3. Principal bond angles (m) in the hypervalem fragments of molecules 1 and 3 (X = F (1) or Br (3)) 

Angle m/deg 

la Ib le  8 3a 3b 3e 

X{ I ) -Ge - -X(  2i 9S.2( 3} 94.6(3} 95.3(I) 96.23(5) 95. I( I ) 96.4(I ) 
X( 1 }--Ge--O(I) 171.3(2) 174 3(3} 172.2( 1 } 172. tl2} 173.4{ 2) 174. I{ I ) 
X( 1 )--Ge--O(2) 90.2( 2b 91.5(2) 90.3( I ) 91.2(2) 90.0( 2} 88. I1 I 
X(2)--Gc--O( I ) 90.212) 9(1.4(3) 9{1.3~ I ) 90.8(2) 88.7(2) s3~ If I ) 
X(2)-Ge--O(2)  171.3! 2) 171.5(3) 172.2( 1 ) 172.312) 173. I (2) 173.4( I ) 
X(2)-- Ge--C( t ) 99.2t 2) 98.3(3) 98.3( I ) 97.6(3) 100.0t3) 94.1 (27 
O( I )--Ge--  O(2 ) 81.4(21 83.8(3) 84.7(I) 81.9~ 2) 86.7(3) 87.7(2) 
C( 11--Ge--C(y)* 155.6(3) 157.4(2~ 161.7(2) 162.7(4) 163.8(3) 168.0(3} 

* The atom is generated from the basis atom by symmetry operations: y = la* ( la ,c ) ,  6 (ZaL 7 (b), and 8 (2r 
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doe-O/A 

J" 
2.20 

2.10 

2.0( 1 , I  

0 2{I 40 ~t}.'deg 

Fig. |. Correkition dependences of the hyper,,alent borld length 
(dOe_O) on lhe solid angle (~.Q) .ibr compounds l --3 The value 
of 2.01 .-'k at A~-~ = 0 ~ was taken as the average in a series of 
analogous structures, g,12.13 

The point with _\~ = 42 ~: and d(;e_ o = 2.16 ,& cor-  
responds to d ich lo r ide  2b c o n t a i n i n g  s ix -membered 
}attain rings. The unit celt of compound 2b, unlike those 
of all other compounds, contains a p-xylene molecule 
of solvation. This accounts  ["or the fact that the 
former structure drops out of the common series. The 
above point ~as ignored in the construction of the 
correlation curve. 

It is noteworthy that only slight shortening of the 
Ge--O bonds is obse~,ed on going from a five-mem- 
bered lactam ring to six- or sev~n-membered rings. The 
range in which fl~e average Ge - -O  bonds vary in the 
structures of 1--3 is 0.08 :k, whereas this range in 
analogous lactamomethyl five-coordinate Ge n lono -  
chlorides 14.Is is 0.12 ,k, the Ge - -O  bond lengths being 
approximately tile same. Hov, ever, it should be noted 
that dihalides i . - 3  under consideration, unlike fi~,e- 
coordinate Ge monochtonde, contain O and Hal atoms 
(the second O- -Ge- -Ha l  hypervalent bond; instead of 
one of the C atoms. Previously, u' we have already 
mentioned that the presence of electron-withdrav,ing 
substiments leads to the formation of a more rigid 
hypervalent bond. Apparently, this accounts for the fact 
that the Ge--Br bonds in structures 3a- -c  are noticeably 
shorter (2.46--2.52 A) than that in N-(dimethyl-  
bromoge rmylmetlLvl 1-/V-{ (S)- I -phe nylet hyllacet amide, 17 
in which the lengths of the components of the O- -Ge- -Br  
hypervalent bond are 2 138(5) and 2.558(I) .,\, respec- 
tively FhereJbre. the specific mutual  effect of the 
hypervalen[ bonds in the molecules under consideration 
is absent and only electronic effects of individual atoms 
are observed. Previously, an analogous conclusion was 
drawn 6 fior the symmetrical O - - G e - - O  hypervalent 
bonds. Hence, the hypervalent bonds in the structures 
wire five-coordinate (a trigonal-bipyramidat environ- 

ment)  and six-coordinate (an octahedra l  env i ronment }  
atoms can be considered using common  parametr i -  
zat ion taking, o f  course, into account  the difference in 
the ranges in ,,vhicil tire a.Q values vary, vi~.., z and 
2/3~ for a tetragonal b~pyramid and an octahcdron, 
respectively 6 

G e ( l ) ~ (  C(IA) 

r  , 
�9 C { - ~ A }  

F(2• @ I t  

~ ~ F(I) b 
% f  

10) 

F I I ) ~  p F!lA) c 

~ G e ( I )  
C( IAi 

= Ni lA)  C(2A) N( I ;  , 

I i 
! c(s) / . . . .  ~ I r 

C(4) C(5) C(5,\1 C(4A) 

Fig. 2. Molecular structures of la (a}, Ib (b). and lc (c) in 
cD'stats. The H atoms are omiu~'d. 
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Br(I) ~ (2 

~t 2 BF(2) 
C(6) ~ ~ " - , , , 1 ~ ,  C( 1 ) 

N(2) "* N(I)  C())  

Brt2) ~ b 

~ ?  Br(I) 

C(1) _ . ~ e l  [ ) C(7) 

C(~)N( I 8) 

k.P C(3A) C{ l0 ; r  ~ ~ "" ) 
C(4) 

---~ Br(2) c 

-X p. t 

.~ ,~ " C(8) C 91 [-3 '  

"t "i-, J \ 
C(5) . " C(I 1) 

C(6) C( 13} 

Fig. 3. Molecu!ar structures of 3a (aL 3b (b). and 3c (c) in 
crystals. The H atoms are omitted. 

The  cha rac te r i s t i c  fea tu res  of  the s t ruc tu res ,  wh ich  
are not associa ted wi th  the  hyperva lence  o f  the  G e  
atoms,  are the d i s o r d e r  o f  one  of  the l a c t a m  rings in 
d ib romide  3b and  a s h a r p  difference in the  m o l e c u l a r  
con fo rma t ion  in the  c rys ta l s  of  ie  and 3e (Figs.  2 and  3. 
respectively).  A p p a r e n t l y ,  these charac te r i s t i c  fea tures  
result f rom subs tan t ia l  f lexibil i ty of the six- a n d  seven-  
membered  lac tam r ings a d o p t i n g  a pa r t i cu la r  c o n t ' o r m a -  
t ion in the course  o f  crys ta l l iza t ion ,  wh ich  p rov ides  a 
t h e r m o d y n a m i c a l l y  f avorab le  molecular  pack ing .  

It is noteworthy tha t  d ib romide  3b conta in ing  the 
s ix -membered  lactam rings crystallizes in the chiral space 
group P61, i.e.. only one  e n a n t i o m e r  with a par t icular  
configurat ion of  the b ischela te  Gel  L(8)]? system is present 
m the crystal. One e n a n t i o m e r  was also obsem.ed in the 
crystals of  d i c h l o r o s t a n n a n e  9 [L(6)]2SnCI2: however, the 
bischelate  system in the lat ter  adopts  an  opposite con -  
figuration. To the contrary' ,  ana logous  d ich lorogermane  
2b 4 and d i t luorogermane  lb  studied in the present work 
crystallized as mcemates .  S ince  a par t icular  energy bar-  
rier (10.5--14 kcat mol - r ,  see Ref. I I )  should be over-  
come  to change the conf igura t ion  or" the bischelate 
system in this type of  molecules ,  two quest ions arise: 
Why  are the e n a n t i o m o r p h i c  s t ruc tures  typical only of  
c o m p o u n d s  con ta in ing  s i x - m e m b e r e d  lactam rings and  
what are the reasons for cws ta l l i za t ion  of  the dihalides 
under  cons idera t ion  e i t h e r  in chiral  or  achiral  space 
groups? Taking into a c c o u n t  that  the dynamic  I H NM R 
spectra are indicative of  in te rconvers ion  of  the e n a n -  
t iomers  of  the cis d i a s t c r eomer  in so lu t ion ,  II it can be 
suggested that the e n a n t i o m e r s  are separa ted  at the stage of crystall ization. 

Experimental  

The IR spectra of -5% solutions of the compounds in 
CHCI~ were measured on a Specord IR-75 in,;trumen~ in KBr 
cells. 

The JH and ~3C NMR spectra of solutions of the com- 
pounds in CDCI3 (C = -0.5 ;'4) were recorded ova a \:arian 
XL-400 spectrometer (at 400. I and 100.6 MHz, respecmely)in 
the pulsed mode lbllowed by the Fourier transform and -'H 
stabilization of the resonance conditions. The chemical shifts 
were measured relative to the internal standard (tetra- 
methylsilaneL 

The starting N-tmne, thylsilyllactams were synthesized ac- 
cording to procedures reported previously Is 

tO--Get-  Bischel~,te bis[ (2-oxopyrrolidino)methylIdibro- 
mogermane (3at. A solution of N-mmethylsilyl-2-pyrrolidone 
(1.57 g. 10 retool) and (BrCH2)2GeBr 2 (2.1 g, 5 mmot) in 
o-xylene (I 5 nil.) was rdluxed For 2 h. The solvent was removed 
in vacuo and compound 3,a was obtained in a yield of 1.5 g 
(74%). m.p. 226--227 :C Hu toluene). IR (CHela), v/em-I: 
1605 (s), 1515 (w) (NCO'L Found (%): C, 27.76: H. 361; 
N, 668. C~0HIsBr2GeO2N 2. Calculated (%): C, 2~.02: H, 376: 
N, 6.54. 

(O--Ge)- Bischelate bis [ ( 2-oxopiperidinn)methyl]dibromo- 
germane (3b). Compound 3b was prepared from N-trimethylsilyl- 
2.piperidone (I.37 g, 8 mrnol) and (BrCH2)?GeBr ~ (1.7 g. 
4 retool) according to an analogous procedure in a yield of 
i.65 g (85%), m.p 215--216 "C (from toluene, melting was 
started at 202--203 ~ IR (CHCI:O, v/era-l :  1585 (s}. 
1505 (m) (NCO). Found (%): C, 31.23; H, 4.26: N, 6.20. 
C~?H20Br2GeO2N 2. Calculated (%): C, 31.56: H, 4.41; N. 6 1 3  

(O--Ge)-Bischelate bis[ (2-oxohexahydroazepino)methyl ]di- 
bromogermane (3c). Compound 3c was prepared from 
N-mmethylsilylhexahydroazepin-2-one (3.7 g, 20 retool) and 
(BrCHO2GeBr2 (4.2 g, tO mmol) according to an anatogous 
procedure in a yield of 3.6 g (83%), m.p. 257--258 ~ (from 
MeCN) [R (CHCI3), v/era-s:  1580 (st. 1500 (in) (NCO) 
(of Rel: 10). 
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Table 4. Principal details of X-ray data collection and c~stal-,4ructural data for compounds la,b. and 3 a - - c  

Parameter  la ib 3a 3b 3e 

Molecular  fo rmuk l  C!0 f-1 ~,N?()2Ge F 2 C!2H2nN20?GeF 2 
Dif f rac tomeler  S>ntex P21 Siemens P3/PC 
Radiation (T/E)  ,Mo-Kt,, 180 Mo-Ku.  160 
Scanning technique ~},/2f} 160~ (}i20 ~57) 

(2t}mux/deg) 
a/A 14.598{ 6) 17.852{ 2 } 15.593(2) 
b/:~ 22.74I(9} 7674(3) 7.892(2} 
c/. 3, 7. 194(2) l 2.763(4) i 1.749(2) 
ctl deg 90 90 q0 
~/deg 90 129.29( 2 ) 10t}. 83( 1 ) 
�9 .,,/deg 90 90 90 
G"A" 2388{ I ) 1353( 1 ) 1420 2{ 4) 
dcalc/g crn -3 1706 1.644 2.005 
Space g roup  tZ)  Fdd2 (4) Cc (41 P21/c (4) 
Number  os measured 3559 t90g 2242 

rel lecf ions 
Number  o f  reflection.~ 749 1468 1233 

u~r in least-square,; ( /  > 3.56t/)) ( /  > 26{/;) {/"~ 28(h~ 
N umber  of  parante |ers  77 170 154 

in the ref inement  
Absorpt ion 12O 229 77 8 

coefficiet+t ~ c m  i) 
Rj(I > 2o{1) }  0.043 0032 

( /  > 3.5.,J,(/)) 
R~ (wR 2 for Za. / > 2c~(1)} 0.051 {}034 

(I > 3.Stub) 

CmHtaN202GeBr2 CI2H2{}N202GeBr2 CI4H24N202GeBr 2 
Siemen., Pa/'PC Syntex P21 S xntex P2 I 

Mo-K{~. 293 Mo.-Ku. 200 Mo-Kc~. 190 
0/2{} {48) W'2~ iS0) i.t/20 (50) 

9.750(2) 6.412+2) 
9.759(3) 18.684(3) 

27.~83(4) I4.85g~4) 
90 90 
90 I00.72(2) 
120 90 

2300(2) 1749(I)  
1.979 1.841 

P~51 (6) F2!/n (4) 
325(} 3121 

I225 2021 
( l >  26(h} {/ > 2.56(0) 

I~1 286 

72. I 63.3 

00504 0.036 0034 
t / > 2.5m'/)) 

0 1034 0.028 0 033 
~I ; 2.5~1/)) 

Single crystals suitable for X-ray diffraction analysis were 
prepared by repeated recrystallizution o( the compounds  flom "t 
I : I d i oxane . - hep t a ne  mixture ( la) ,  a I : 1 dioxane--o-x~,iene 
mixture ( lb ) ,  toluene t3a). a 7 : I to luene--heptane mixture 
(3b), or  acetonitri le {3el. 

X-ray diffraction study of compounds Ia,b and 3a--c. Ti~e 
c+Tstal-structural daia and the principal details o f  X-ray data 
collection for compounds 1 and 3 are given in Table 4. The 
structures were sol,,ed by tile direct method and refined by the 
f u l l - m a t r i x  least-squares method with anisotropic thermal pa- 
rameters fo r  nonhydrogen atoms, The H atoms in the structures 
of la .b  and 3a.b were placed in calculated positions and re- 
fined using the riding model with fixed thermal parameters 
(U = 0.04 ,,k 2 for la. U =  0.05 .~-~ for lb and 31}, 1.2b~ for 34, 
where U c ix the equivaient thermal parameter of  the correspond- 
ing C a tom) .  The molecule o(conlpour td  la occupies a special 
posi t ion,  viz., a twofold axis. The absolute structure o f  com- 
pound 34 v, as determined using the Hamihon  test. In the 
structure o f  3b, die C(3} atom is disordered over two positions 
(the occupanc ies  are 03~ and 0.62). In the structure of  3r the 
posit ions o f  the H atoms we:e located from the difference 
electron densi ty sytuhes~s and refined isotropically. The absorp- 
tton cor rec t ions  were appl;cd u~ing d~e DIFABS program. 19 All 
calculat ions were carried out on an IBM PC/Ai '  computer  
using the SHE L X T L  PLUS program package z~ {versions 4.0 
and 5.0}. The prmcipa! bond lengths and bond angles are given 
in Tables 2 and 3. respecth, ely. The remaining geometric pa- 
rameters and atomic coordinates were deposited with the Cam- 
bridge Structural  Database. 

T h i s  w o r k  was f inanc ia l ly  s u p p o r t e d  by t h e  Russ ian  
F o u n d a t i o n  for  Basic R e s e a r c h  (Project Nos.  96 -03 -  
32404 ,  9 6 - 1 5 - 9 7 3 6 7 ,  9 7 - 0 3 - 3 3 7 8 3 ,  attd 9 8 - 0 3 - 3 2 9 9 9 ) .  
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