
Notes 

Previously the spectra of (CH3)3N.B3H7 in benzene and 
tetrahydrofuran were interpreted as an overlap of two octets 
(Bi and B2,3) with the chemical shift difference comparable 
to the 11B-1H coupling constant (about 35 Hz).Sb The present 
study has shown that the Bi resonance peaks for the other three 
amine adducts are structureless broad peaks. The same would 
be expected for the Bi peak of the (CH3)3N.B3H7 spectrum 
if the peak could be seen separated from the B2,3 peak. It is 
therefore difficult to explain the enhanced sharpness of the 
fine structure peaks on the basis of the simple superposition 
of the two peaks. Assuming that Bi and B2,3 atoms are 
coupled to each other and are both coupled to seven hydrogens 
in the trimethylamine adduct as they are in the other adducts, 
the well-resolved perfectly symmetric resonance peak for 
(CH3)3N.B3H7 in CH2C12 would be explained more appro- 
priately as a case of “deceptive simplicity”,lO caused by the 
coincidence of the Bi and B2,3 chemical shifts. In benzene, 
diethyl ether and tetrahydrofuran, the chemical shifts of BI 
and B2,3 are not equal but the difference is probably similar 
to the 11Bi-llB2,3 coupling constant (15-20 Hz) (Figure 4b). 
Therefore, the resulting spectrum is of complex second order 
and has a perturbed, dissymmetrical structure. 
Experimental Section 

Chemicals. Laboratory stock tetraborane( lo),  which had been 
prepared by the pyrolysis of diborane(6) in a hot-cold reactor, was 
purified by trap-to-trap fractionation in a vacuum line. The purified 
tetraborane( 10) had a vapor pressure of 386 mmHg a t  0 OC, and no 
impurity could be detected in the infrared spectrum of the sample. 
Dimethylamine was taken from a cylinder (Matheson Gas Products) 
and fractionated in the vacuum line. Monomethylamine and tri- 
methylamine were prepared from their hydrochlorides by treating with 
concentrated sodium hydroxide solutions, drying the liberated amines 
with K O H  pellets, and then fractionating them in the vacuum line. 
Ammonia (Matheson Gas Products) was stored over sodium metal. 
Diethyl ether and tetrahydrofuran were stored over LiAIH4, and 
dichloromethane and benzene over molecular sieves. These reagents 
were distilled from the storage containers into the vacuum line as 
needed. 

Amine-Triboranes(7). The method described earlier2 for the 
preparation of ammonia-triborane(7) was followed closely for the 
preparations of the four amine-triboranes(7) described in this paper. 
The use of diethyl ether or dichloromethane as the solvent for the 
base-displacement reactions of tetrahydrofuran-triborane(7) with the 
amines gave results which were comparable to those when tetra- 
hydrofuran was used as the solvent. The compounds are resistant 
toward complete hydrolysis in acid solutions. When treated with 6 
N HCl for 2-3 days in sealed tubes a t  95 OC, the monomethylamine 
and dimethylamine adducts yielded 104 and 85.7 mmol of hydrogen 
gas/g of the sample, respectively, whereas the calculated values based 
on the equation amineeB3H.i + H+ + 9H20 - amine.H+ + 3B(OH)3 
+ 8H2 are 11 3 and 94.6 mmol/g, respectively. Consequently the 
results of boron analysis on the sample solution after the hydrolyses 
were lower, but those of nitrogen analysis were consistent with the 
formulas. Anal. Calcd for C H ~ N H P B ~ H ~ :  B, 46.0; N,  19.9. Found: 
B, 44.3; N,  19.9. Calcd for (CH3)2NH.B3H7: B, 38.4; N ,  16.6. 
Found: B, 38.1; N, 16.5. The sample solutions decolorized dilute 
solutions of iodine. 

The mass spectra of the two adducts showed the highest m / e  a t  
69 and 83 for CH3NHpB3H7 and (CH3)2NH.B3H7, respectively. 
These values which are two units less than the molecular ion masses 
of the adducts are probably due to the facile loss of two hydrogen 
atoms from each molecule under the conditions employed in the 
instrument. Similar observations have been reported for other boron 
hydride compounds, e.g., B ~ H I o ,  BsHii, and BsHis.11 Infrared spectra 
(recorded on a Beckman IR-20 infrared spectrophotometer) are as 
follows. CHjNHpB3H7 (cm-1) (liquid film): 3285 (s), 3255 (s), 3160 
(sh), 3018 (ms), 2960 (ms), 2490 (vs), 2425 (vs), 2340 (sh), 2020 
(w, br), 1563 (s), 1451 (s), 1430 (sh), 1304 (s), 1147 (s), 1127 (s), 
1035 (sh), 978 (s, br), 920 (sh), 820 (w), 795 (w). (CH3)2NH.B3H7 
(cm-1) (thin-layer solid): 3240 (vs), 3005 (m), 2960 (m), 2490 (s), 
2455 (s), 2430 (s), 2360-2330 (br, sh), 2230 (m), 2060 (w), 2025 
(w), 1460 (s), 1435 (sh), 1405 (m), 1305 (s), 1225 (w), 1145 (s), 1050 
(w, br), 990 (s), 920 (s). The N M R  spectra were recorded on a Varian 
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XL-100-15 instrument equipped with a spin-decoupler unit (Gyrocode). 
The standard for boron chemical shifts, B F ~ - O ( C ~ H S ) ~ ,  was used 
externally. 
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The existence of four-membered silicon-nitrogen rings 
(cyclodisilazanes) has been established for some time.’ 
However, the analogous tin-nitrogen rings (cyclodistanna- 
zanes) have been synthesized only recently233 and the mixed 
four-membered silicon-tin-nitrogen heterocycles are rarely 
evident in the literature.3 

In general, the nitrogen substituents on these four-membered 
heterocycles are hydrogenated. The only examples of model 
compounds containing fluorinated substituents are cyclo- 
disilazanes with pentafluorophenyl groups attached to the 
nitrogens.4,5 Since the most frequently used methods for 
preparing totally hydrogenated cyclodisilazanes are not useful 
for synthesizing the fluorinated analogues, other approaches 
are required. 

This work describes the chemistry involved in our efforts 
to synthesize four-membered silicon- or tin-nitrogen heter- 
ocycles which contain fluorinated nitrogen substituents. 
Generally, in order to obtain useful precursors, attempts were 
made to saturate the C=N bond of the hexafluoroiso- 
propylidenimino group of (CH3)2Si[N=C(CF3)2]2 and 
(CH3)2Sn[N=C(CF3)2]2,6 via a one-step addition, by small 
polar molecules.7 A dilithium salt, (CH3)2Si[NLiC(C- 
F3)2CH3]2, was obtained which proved to be an excellent 
precursor to some heterocycles. 
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Experimental Section 
(CH3)2SiClr (Matheson Coleman and Bell), (C- 

H3)2SnC12 (PCR), HC1 and H F  (Matheson), and n-BuLi and CH3Li 
(Alfa Inorganics) were used as received without further purification. 
Literature method preparations were used for (CH3)zSi[N=C(CF3)z]z 
and (CH3)2Sn[N=C(CF3)z]z,6 HN=C(CF3)2,8 and LiN=C(CF3)z.9 

General Procedures. Most gases and volatile liquids were handled 
in a conventional Pyrex vacuum apparatus equipped with a Heise 
Bourdon tube gauge. Hydrogen fluoride was handled in a similar 
Monel vacuum apparatus. Products of lower volatility were weighed 
and handled via syringe. Volatile products were purified via 
trap-to-trap distillation and measured quantitatively by PVT tech- 
niques. The heterocycles were purified by sublimation and handled 
a s  solids. 

Infrared spectra were recorded on a Perkin-Elmer 457 spectrometer. 
Gas-phase spectra were obtained at  I O  Torr in a 50-mm Pyrex cell 
equipped with KBr windows. Nonvolatile liquids were prepared as 
smears by pressing the sample between two NaCl windows, and solid 
samples were prepared by grinding the sample with spectroquality 
KBr and forming into a pellet. 19F NMR spectra were obtained on 
a Varian HA-100 spectrometer by using Freon-11 (CC13F) as an 
internal standard. IH N M R  spectra were obtained on a Varian 
EM-360 spectrometer by using (CH3)dSi as an external standard. 
Mass spectra were obtained with a Perkin-Elmer Hitachi RMU-6E 
spectrometer at  an ionization potential of 17 eV. Elemental analyses 
were performed by Beller Mikroanalytisches Laboratorium, Gottingen, 
Germany, and by Enviro Analytical Laboratory, Knoxville, Tenn. 

Preparation of (CH3)2Si[NHCCI(CF3)2]2. A weighed amount of 
(CH3)2Si[X=C(CF3)2]2 (5.8 mmol) was condensed at  -183 "C into 
a round-bottom flask equipped with a side arm. A nitrogen atmosphere 
was introduced into the system and the vessel was immersed in an 
ice water bath. A cylinder of hydrogen chloride was attached to the 
side arm via Tygon tubing and the gas was slowly bubbled into the 
(CH3)2Si[N=C(CF3)2]2 through a tube immersed below the surface 
of the liquid. The reaction mixture was held at 0 "C and stirred while 
maintaining a relatively constant pressure above the surface of the 
liquid. The reaction is complete when the yellow color of the starting 
material completely disappears and a fine white precipitate begins 
to form. The pressure of the HC1 gas being introduced also begins 
to rise rapidly upon completion of the reaction. The compound was 
isolated in 89% yield. Some hydrolysis of the Si-N bond occurs. 

The infrared spectrum is as follows (cm-1): 3410 (m), 2585 (vs), 
1465 (m), 1420 (m), 1322 (ms), 1289 (s), 1210-1255 (vvs, br), 1187 
(ms), 1166 (vs), 970 (s), 951 (ms). 866 (ms), 818 (m), 806 (m), 746 
(m), 720 (ms). The 19F N M R  spectrum shows a single resonance 
at  6 77.5 and the 1H N M R  spectrum shows single resonances at  6 
0.50 and 2.52. The highest m/e  peak observed in the mass spectrum 
was M - HzC12. 

Anal. Calcd for CsHsClzFizl\TzSi: C, 20.92; H ,  1.74; N, 6.10; 
F, 49.7; C1, 15.47. Found: C ,  21.09; H ,  1.81; N ,  6.19; F, 49.2; C1, 
15.63. 

A similar reaction of HC1 bubbled into a solution of (CH3)2- 
Sn[N=C(CF3)2]2 immediately gave a white precipitate with con- 
comitant disappearance of the yellow liquid. The reaction was 
continued until the yellow liquid was consumed and the pressure of 
the system began to rise. Upon warming to ambient temperature the 
solid slowly liberated HN=C(CF3)2. 

Preparation of (CH~)ZS~[YL~C(CF~)ZCH~]~ .  Typically, a weighed 
amount of (CH3)2Si[Ii=C(CF3)2]2 (5.5 mmol) was condensed at  
-183 "C into a round-bottom flask equipped with a side arm and 
rubber septum. Nitrogen was introduced into the system and the vessel 
was immersed in a -50 "C slush bath. Methyllithium (1 1.0 mmol) 
in Et20 was added slowly to the vessel via syringe through the side 
arm. The reaction mixture was stirred and allowed to warm slowly 
to ambient temperature over a 5-h period. A creamy white precipitate, 
(CH3)2Si[NLiC(CF3)2CH3]z, appeared. After removing most of the 
solvent under dynamic vacuum, a sample of the solid was transferred 
to an N M R  tube and dissolved in CF3COOH. The 19F N M R  
spectrum is a quartet at  q5 74.9 (JCH,<F~ = 0.8 Hz) and the 1H N M R  
spectrum is a septet a t  6 0.84 and a singlet a t  6 0.08. 

Preparation of CH~(CF~)~CN-S~(CH~)~-N[C(CF~)ZCH~]-S~- 
(CH3)2. Freshly distilled tetrahydrofuran (10 ml) was added to the 
dry lithium salt, ( C H ~ ) Z S ~ [ N L ~ C ( C F ~ ) Z C H ~ ] Z  (5.5 mmol). The 
mixture was stirred until all of the solid dissolved to give a brown 
solution. (CH3)2SiC12 (5.5 mmol) was condensed at  -183 OC into 
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the vessel and the reaction mixture was allowed to warm to ambient 
temperature. The mixture was stirred for 12 h after which the solvent 
was removed under dynamic vacuum. In an inert-atmosphere box, 
the solid was transferred to a sublimation apparatus. The product 
was isolated by sublimation (19% yield) under dynamic vacuum for 
12 h onto a water-cooled cold finger. The yield could be increased 
by longer sublimation periods. 

The infrared spectrum is as follows (cm-I): 2982 (vw), 1470 (m), 
1392 (m), 1292 (s), 1268 (s), 1165-1235 (vs), 1130 (vs), 1080 (s), 
1034 (ms), 890 (s), 865 (s), 800 (ms), 700 (ms), 440 (m), 380 (m). 
The 19F N M R  spectrum is a multiplet at  @ 75.9 and the IH N M R  
spectrum has poorly resolved peaks at  6 0.27 and 1.40. A molecular 
ion was observed in the mass spectrum. 

Anal. Calcd for Ci2Hi8F12N~Siz: C, 30.38; H, 3.80; N ,  5.91; F, 
48.10. Found: C, 30.33; H, 3.82; N ,  5.64; F, 48.39; mp 82-84 "C. 

Trace amounts of (CH3)zSi[NHC(CF3)2CH3]2 were isolated in 
a trap at  -30 "C prior to transferring the solid to a sublimation 
apparatus. In methylene chloride, no evidence for the cyclodisilazane 
was observed although larger quantities of (CH~)ZS~[NH(CF,)ZCH~]Z 
were obtained. 

The infrared spectrum of (CH3)2Si[NH(CF3)2CH3]2 is as follows 
(cm-1): 3405 (m), 2965 (w), 1720 (w), 1480 (w), 1464 (m), 1430 
(ms), 1392 (w). 1329 (w), 1288 (vs), 1265 (s), 1235 (vs), 1215 (vs), 
1190 (vs), 1141 (ms), 1100 (s), 1080 (vs), 991 (ms), 858 (s), 801 (ms), 
699 (s). The 19F N M R  spectrum is a single resonance at 6 79.8 and 
the 1H N M R  spectrum has single resonances at  6 0.12 and 1.43. A 
molecular ion was observed in the mass spectrum. 

Anal. Calcd for C I O H I ~ F I ~ N ~ S ~ :  C ,  28.70; H ,  3.35; N ,  6.70; F, 
54.55. Found: C ,  28.47; H ,  3.12; N, 6.47; F, 54.42. 

Preparation of CH~(CF~)ZCN-S~(CH~)~-K[C(CF~)~CH~]-S~- 
(CH3)2. Using an analogous method, a solution of (CH3)2SnC12 (6.8 
mmol) in tetrahydrofuran was allowed to drip slowly into a solution 
of ( C H ~ ) ~ S ~ [ N L ~ C ( C F ~ ) Z C H ~ ] Z  (6.8 mmol) in tetrahydrofuran at  
0 OC. After the reaction mixture was warmed to ambient temperature 
and was stirred for 14 h, the solvent was removed under dynamic 
vacuum. In an inert-atmosphere box, the solid was transferred to a 
sublimation apparatus. The product was isolated by sublimation (21% 
yield) under dynamic vacuum for 12 h onto a water-cooled cold finger. 

The infrared spectrum is as follows (cm-I): 2960 (vw), 1470 (m), 
1390 (m), 1290 (s), 1260 (s), 1160-1225 (vs), 1118 (s), 1078 (s), 
1030 (m), 1016 (m), 862 (ms), 835 (m), 770 (ms), 698 (m), 540 (m), 
410 (w), 380 (w), The '9F N M R  spectrum is a single resonance at  
@ 78.3 and the 1H NMR spectrum has peaks at 6 0.05,0.38, and 1.24. 
A molecular ion was observed in the mass spectrum. 

Anal. Calcd for C I ~ H I ~ F I ~ N ~ S ~ S ~ :  C, 25.50; H ,  3.18; N, 4.95; 
F, 40.37; Sn, 21.02. Found: C ,  25.48; H ,  3.18; N, 4.75; F. 40.66; 
Sn, 20.77; mp 112-1 I 5  "C. 

Discussion 
The polar addition of HCl to (CH3)2Si[N=C(CF3)2]2 

proceeds readily at 0 "C to produce (CH3)2Si[NHCCl(C- 
F3)2]2 accompanied by minimal cleavage of the Si-N bond. 
A similar reaction with H F  at 25" showed no evidence of 
addition to the C=N bond of (CH3)zSi[N=C(CF3)2]2 al- 
though small amounts of (CH3)2SiF2 and HN=C(CF3)2 were 
produced upon cleavage of the Si-N bond. Hydrogen 
chloride reacts with (CH3)2Sn[K=C(CF3)2]2 at 0 "C to 
produce a white solid; however, upon warming to ambient 
temperature, HN=C(CF3)2 is liberated 
(CH,),Sn[N=C(CF,),], + 2HC1+ (CH,),SnCl, + 2HN=C(CF,), 

Similar cleavage of Sn-N bonds by protic compounds had 
been established earlier.10 

Unsuccessful attempts to react the potentially useful het- 
erocyclic precursor, (CH3)2Si[NHCCl(CF3)2] 2, with species 
containing labile halogens showed that the hydrogen bonded 
to nitrogen was not sufficiently acidic to permit a direct re- 
action. Use of weakly basic or polar solvents, such as tet- 
rahydrofuran and methylene chloride, did not enhance the 
reaction. The presence of more basic solvents, such as pyridine, 
caused intramolecular dehydrochlorination to occur 

(CH,),Si[NHCCl(CF,),], %, (CH,),Si[N=C(CF,),], + pyH'C1- 
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Previous work in this laboratory had shown that isopropyl 
halogens of the type 

CF, 

CF, 

/ x-c- 
\ 

were susceptible to nucleophilic attack by LiN=C(CF3)2.11 
However, an effort to prevent intramolecular dehydrochlo- 
rination by replacing the chlorine of (CH3)2Si[NHCCl(C- 
F3)2]2 with the (CF3)2C=N- group resulted in regeneration 
of the original imine 
(CH,),Si[NHCCl(CF,),], + LiN=C(CF,), -, 

(CH,),SiN=C(CF,), + HN=C(CF,), + LiCl 

Since the N H  of the silane was not sufficiently acidic to 
permit a direct reaction and the reaction was unaffected by 
a solvent, metalation of the silane at the nitrogen sites was 
undertaken. However, elimination of LiCl once again re- 
generated the original imine 
(CH3),S~[NHCC1(CF,),], + 2n-BuLi -, 

-2LiC1 
[ (CH, 1, Si [ NLiCCl(CF, ), 1, ] - (CH,), Si [ N=C(CF,), 1, 

Finally, a dilithium salt was obtained by the polar addition 
of methyllithium across the C=N bond 

(CH,),SI[N=C(CF,),], + 2CH,Li A 

This compound was isolated and characterized by 19F and 'H 
NMR and is found to be a very useful precursor to inorganic 
heterocycles containing fluorinated nitrogen substituents. The 
dilithium salt is completely soluble in THF but only slightly 
soluble in methylene chloride. In THF, a cyclodisilazane is 
formed by the direct reaction of the dilithium salt with di- 
methyldichlorosilane or the 1,3-diaza-2-stanna-4- 
silacyclobutane forms with dimethyldichlorostannane 

Et 0 

(CH,),Si[NLiC(CF,),CH, I, 

CH3\ /CH3 
SI 

1 1  
L1 L1 

CH, CH, 
\ I  
Si[Sn] 

/ \  

Si 
I \  

CH, CH, 

/ \  THF 
CH,(CF,),CN NC(CF,),CH, + (CH,),SiCl, [(CH,),SnCl,] - 

CH,(CF,),CN\ /NC(CF,),CH, + 2LiC1 

However, in methylene chloride, no evidence for the formation 
of the disilazane is observed although significant quantities 
of (CH3)2Si[NHC(CF3)2CH3]2 are obtained. 

The results of this work suggest that a wide variety of cyclic 
derivatives containing totally and partially fluorinated nitrogen 
substituents may be synthesized by utilizing the technique of 
adding polar RLi or RfLi molecules acrosssthe C=N bond 
of molecules of the type M[N=C(CF3)2]2 in order to obtain 
the precursors. 
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Recently the magnetic behavior, between 80 and 300 K, of 
two polymeric Fe(II1) species has been reported.2-4 The first 
of these materials, [Fe(AA)2H20] 30(C104)7, where AA is 
a simple amino acid such as alanine, glycine, proline, valine, 
leucine, or isoleucine, has been shown to possess the iron 
acetate structure.3 Compounds of this class have structures 
which consist of a central oxygen atom bound to three iron 
atoms which are, in turn, bonded to an oxygen of the carboxyl 
group of each of four amino acid residues. The sixth coor- 
dination site is occupied by a water molecule. The possible 
utility of these compounds as a model for the iron storage 
protein, ferritin, has been pointed 0 ~ t . 2 ~ 3  

The second class of compounds, of which (CgH19NH3)2- 
F ~ O H ( S O ~ ) P C ~ H ~ O H - H ~ O  is a typical example, are thought 
to contain, as a basic unit, (FeOH)3 trimers,4,5 i.e. 

H 

Evjdence cited for this conclusion includes magnetic4 and 
Mossbauers data. 

Because of the biological relevance of Fe(II1) polymers and 
the fact that the magnetic data for both the Fe30 and the 
(FeOH)3 species do not extend below 80 K we have measured 
the magnetic susceptibilities of [Fe(proline)zH20] 30(C104)7 
and (C~HI~NH~)~F~OH(SO~)~-C~H~OH.H~~. 
Experimental Section 

[ Fe(proline)HzO] 3O(C104)7 and (CsHisNH3)2FeOH(SOs)2- 
C ~ H S O H - H ~ O  were prepared as previously described.3,4 Mea- 
surements below 80 K were made using a PAR vibrating-sample 
magnetometer, while those measurements above 80 K were obtained 
utilizing the Faraday method with the samples sealed in gold tubing. 
Preparation of the proline compound for magnetic measurements was 
done in a drybox because of the hygroscopic nature of the material. 
The room-temperature magnetic susceptibilities of the two compounds 
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