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The results of recent experiments allow a new 
understanding to be reached concerning the origin of 
the intense red colors exhibited by certain com- 
pounds of the formula (R,N),Sn(II). These strong 
colors arise despite there being no apparent chromo- 
phore, and are thought to be associated with thermal- 
ly accessible neighboring electronic singlet states 
consistent with the diamagnetism, absence of esr 
signals and reversible thermochromic behavior 
observed [l] . We present in this Letter a view which 
rests upon the following observations: (i) the colored 
derivatives are monomeric while the colorless deriva- 
tives show evidence of association or are obviously 
chelated; (ii) whether the species will be monomeric 
or associated is a sensitive function of the steric 
requirements of the substituents at nitrogen; (iii) 
where direct comparisons can be drawn, the colorless 
compounds are qualitatively more stable to hydroly- 
sis and oxidation than their intensely colored 
analogues; and (iv) the tin-l 19m Mossbauer Isomer 
Shift (I.S.) and Quadrupole Splitting (Q.S.) values for 
the highly colored derivatives are larger (I.S. = 2.9- 
3.1; Q.S. = 2.4-3.5 mm/s) than for the analogous, 
simple colorless compounds (2.6-2.7 and 2.1-2.5 
mm/s, respectively); however the chelated derivatives 
and those with active donor atoms not directly 
connected to tin exhibit equally high I.S. (2.8-3.5 
mm/s), but much lower Q.S. (1.2-2.4 mm/s) values 
[see Table I] . 
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The tin(II)-nitrogen bond was first formed in 
1936 in the chelated phthalocyaninatotin(I1) [2]. 
Subsequently, it was shown that tin(I1) alkoxides 
add to the multiple bonds of isocyanates to form 
adducts which by analogy with previous work were 
assigned the tin(II)-nitrogen, SnN(R)C(=O)OR, 
rather than the SnOC(=NR)OR structure [3]. How- 
ever, the evidence for this formulation is not 
unequivocal, and the alternative structure cannot be 
ruled out [4]. Activated amines such as imidazole 
and di- and triazoles liberate cyclopentadiene from 
bis(hscyclopentadienyl)tin(II) to form tin(II)-nitro- 
gen derivatives [S] whose structure can be unequivo- 
cally assigned; however, like the compounds above, 
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TABLE I. (Continued) TABLE 1. (Continued) 

Tin(II) Amines with Active Donor Atoms Not Directly 
Bound to Tin 
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aRecorded at 77 K vs. a Ca *lgmSnOs source (New England 
Nucl. Corp.) by published techniques [30]. b*0.06 mm/s. 
c*0.12 mm/s. dRef. 10. eReported as 2.80 and 3.17 f mm/s, 
respectively in ref. [ 71. fAt ambient temperatures, 2.60 and 
2.13 mm/s, respectively. gRef. 5. hRef. 3c. ‘Ref. 3b. 
]Recorded as 2.96 and 1.43 in ref. [2c] and as 2.78 and 1.40 
mm/s in ref. [31]. 

these white solids are associated through a second 
atom in the ligand [6] . 

More recently, two tin(H) amines were synthesized 
by the lithioamination of tin(H) chloride, the white 
solid bis(dimethylamino)tin(II) which is dimeric in 
cyclohexane [7] , partially associated in the gas phase 
(by electron diffraction) [8], and exhibits changes 
in its nmr spectrum on cooling [7] ; and the orange- 
yellow solid bis[N,N-bis(trimethylsilyl)amino] tin(II), 
1, which melts at 37-38 “C 691 to an intense red, 
distillable liquid (bp 109-l 10 C, 0.75 torr) [lo] and 
is monomeric in cyclohexane [9, 11, 121. The 
closely-related derivatives [(RaE)ZN] ,Sn, in which 
R = CHs and C2HS, and E = Si and Ge, and 
{ [(C6H&Ge] ,N},Sn are also reported to be highly 
colored and monomeric [ 121. 

It is becoming recognized that organotin com- 
pounds are acutely sensitive to the steric require- 
ments of substituent groups, changing their structure 
[13], the coordination number at tin, molecularity 
and chemical reactivity with the size of the attached 
ligands. All organotin(IV) amines, for example, in 
which the only nitrogen atom in the molecule is 
bonded to tin are monomeric [14], and all those 
derivatives containing trialkyltin groups are liquids 
at ambient temperatures. But N-trimethyltin aziridine 
in which the nitrogenous ligand has exceptionally 
small bulk is a solid whose enhanced Q.S. (2.24 mm/ 
s) value suggests a higher coordination number at tin. 
Even such closely-related derivatives as the azetidine 
and 2-methylaziridine are monomeric liquids with 
much lower Q.S. values (1.35 and 1.43 mm/s, respec- 
tively). In addition, the dimethylamino derivative 
(Q.S. = 0.81 mm/s), which melts over 100 “c lower 
than its aziridine analogue, fumes in moist air, while 
the nitrogen-bridged aziridine is moderately stable 
to hydrolysis [ 151 Analogously, the onedimensional, 
nitrogen-bridged structure of trimethyltin glycinate 
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[16] rearranges to the more conventional carbox- 
ylate-bridghtg in the more bulky tricyclohexyl 
derivative [17] , and X-ray crystal structure deter- 
minations show that while (tert.C4Hg)sSnCr(CO)s* 
NCsHs requires its molecule of base to be bonded to 
the tin atom for stability [ 18, 191, the stable com- 
pound { [(CHs)sSi] &H) sSnCr(CO)s contains tin in 
the three-coordinated form [20,2 l] . 

We have synthesized several series of compounds 
which serve to define the crossover point between the 
limiting structures for the tin(H) amine derivatives. 

I I 
For example, incorporating the (CHs)sSi-NSn-NSi- 
(CHs)s unit present in I into a five- or six-membered 
aromatic carbocycle gives rise to yellow solids which 
are stable 1: 1 adducts of the THF solvent medium 
used in their syntheses, as 2 (mp 88 “c dec) [lo] and 
3 (82.5 “c) [lo] . The corresponding aliphatic hetero- 
cycles 4, n = 2 (134-5 “c), 3 (108-9 “c) and 4 (83.G 
84.5 “c) [lo] and 5, E = CHs (169 “c) and E = 0 
(167 “c) prepared by lithioamination are white com- 
pounds formed free of solvent [22]. Low tempera- 
ture nmr spectra of 5 [E = CH,: T, = 304 K, AC’ = 
16.1 kcal/mol; E = 0: 283 K; 14.9 kcaI/mol] contain 
two resonances for the N-CHs and four for the 
Si(CH& protons, specifying pairwise bridging of 
nitrogen atoms in a four-membered SnsNs ring. 
Cyclic aliphatic amines likewise give white solid 
derivatives which exhibit low temperature nmr 
spectra in which bridging and terminal amine groups 
in the dimer can be distinguished [pyrrolidine, 6: 
T, = 298 K; AC’ = 14.4 kcal/mol; piperidine, 7: 353 
K; 17.8 kcal/mol] [23]. Tin(H) diaziridine (205 “c 
decomp) is an infusible, sparingly soluble, white solid 
which exhibits a tin-l 19m Mbssbauer resonance at 
ambient temperatures, reflecting its associated nature 
[24, 251 . The carbazole derivative prepared by trans- 
amination from bis(dimethylamino)tin(H) forms a 
white 2: 1 adduct with THF (mp 184-185.5 “c), while 
the related pyrrole derivative could not ‘be isolated. 

Compounds in the series { [(CH,)sSi] sN)$n [9, 
IO], [(CHJ)sSiNC6H&Hs-para] ,Sn, (soft solid) and 
[(C6H,),N],Sn (mp 120-121 “C) are intensely red 
colored, while the derivatives of the aliphatic cyclic 
amines [lo] and dimethylamine [7] are colorless. 
Bis(diisopropylamino)tin(II), on the other hand, is 
intensely colored [26]. Although the bis-piperidine 
derivative is colorless, the 2,2,6,6,-tetramethyl 
derivative (mp 35 “c) is intensely red colored. Thus it 
appears that the steric requirements which arise from 
branching at the carbon cy- to the nitrogen atom result 
in intense red colors in the tin(I1) derivatives, 
presumably because association through N+Sn(II) 
bridging or the formation of solvates is then blocked. 

Corroboration for these views comes from the 
recent work of Veith who has prepared the four- 
membered, 1,3dialkyl-2,2dimethyl-1,3,2,4h2diaza- 
silastannetidine heterocycles [27] ,8: 
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The R = C4Hg-tert. derivative is a red colored liquid, 
monomeric in benzene, and X-ray diffraction shows 
the presence of monomers in the orange solid, while the 
R = CsH,-iso derivative is white and dimeric in solu- 
tion and in the solid state [28]. 

Phthalocyaninatotin(I1) is reported to be a blue- 
black, crystalline solid [2]. We have prepared the 
equally infusible meso-tetraphenylporphyrin deriva- 
tive by transamination from bis(dimethylamino)tin- 
(II), and it has an intense dark green color. Apparent- 
ly, in this case the intense colors arise from the Soret 
band in the ligand. Other higher coordinated tin(II)- 
nitrogen systems derive from chelating ligands, such 
as the nitrogenous acac derivatives, the 2-phenyl- 
amino4-phenylimino-2-pentenes, 9, where R = H (mp 
191-2 “c) and CH3 (208-9 “c), bi -para-tolyl4- 
aminopent-3en-2-one), IO (79-81 s!! ), bis(acetyl- 
acetone)ethylenediimino, 11, (117-9 “c) and bis(di-l- 
pyrazolylborato)tin(II), I2 (130 “c) prepared by 
transamination from bis(dimethylamino)tin(II), and 
are only lightly yellow colored or white. These com- 
plexes are monomeric (the crystal structure of 
phthalocyaninatotin(I1) is known [2c]). Bis(3,5- 
dimethylpyrazolato)tin(II), 23, (280 “c with 
decomp.) is a white, insoluble, one-dimensional 
polymer prepared by transamination of bis(dimethyl- 
amino)tin(II). The analogous 3,4,5-trimethylpyrazole 
and 1,2,4-triazole derivatives are known [5] . 

Bis(di-tert.-butyl)phosphinotin(II) is a kinetically- 
stable dimer which is strongly red colored [29]. 
Apparently, the systematics of the tin(I1) phosphine 
derivatives are different. 
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