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Organotin nitramines, R;SnN(NO;)R, where R is either a phenyl or an alkyl group, were prepared by metathesis, neutraliza-

tion, and cleavage reactions.

These tin derivatives are colorless to light brown low-melting solids which are stable in air.

The infrared and Mossbauer spectra and physical properties suggest that the tin atom exists in a pentacovalent state sur-

rounded by three alkyl groups and a chelated organo nitramine.

nitrogen and an oxygen.

Articles recently have appeared describing the prepa-
ration and properties of compounds containing a tin to
nitrogen bond such as the trialkylstannyl dialkyl-
amines (RySnNR’;),*~% organotin azides (R;SnN;),5—*
organotin substituted hydrazines (R;SnNR’NHR’),®
organotin substituted formamides (R;SnNR’CHO),"
organotin sulfonamides (R;SuNR’SO,R’’),1%12 and
organotin carboimides!?
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H
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§

We have found that a nitrogen to tin bond can be
formed by the reaction of nitramines with appropriate
organotin compounds. This reaction yields organotin
nitramines (R;SnN(NO;)R) where R is either phenyl or
an alkyl group. The reactivity of these compounds
is of interest since organotin amines (RsSnNR';) are
quite reactive®58 toward atmospheric moisture and
carbon dioxide, whereas the imidazole derivatives® are
stable, and yet both of these substances have tin bonded
to nitrogen. We have prepared a series of organotin
nitramines by three methods.

Method A. Metathesis

1\1’02 l\]T O,
R’'—NAg + R;SnX —> R’—NSnR; + AgX

where X = Clor I; R’, R = C¢H; or an alkyl group.
Method B. Neutralization

o N
2R'—NH + (RsSn);0 —> 2R'—NSnR; + H;0

(1) Presented in part at the 147th National Meeting of the American
Chemical Society, Philadelphia, Pa., April 1964,

(2) Undergraduate National Science Foundation research participant,
1962~1963.

(3) K. Sisido and 8. Kozima, J. Org. Chem., 87, 4051 (1962).

(4) K. Jones and M. F. Lappert, Proc. Chem, Soc., 3568 (1962), and refer-
ences therein.

(5) K. Jones and M. F. Lappert, bid., 22 (1064).

{6) J. G. A. Luijten, M. J. Janssen, and G. J. M., van der Kerk, Rec. trav,
chim., 81, 202 (1962); Chimia, 16, 10 (1962).

(7) W. Reichle, Inorg. Chem., 8, 402 (1964).

(8) J.S. Thayer and R, West, ibid., 8, 406 (1964).

(9) J. G. Noltes, Rec. trav. chim., 88, 515 (1064).

(10) J. Noltes and M. Janssen, J. Organometal. Chem., 1, 346 (1964).

(11) G. P. Mack and E. Parker, U. S, Patent 2,618,625; Chem. Absir., 47,
1977 (1953).

(12) G. J. M. van der Kerk and J. G. A. Luijten, J. 4ppi. Chem., 6, 49
(19586).

Chelation of the nitramine probably involves the amino

Method C. Cleavage

l\IYOQ ITIOQ
R'—NH + R4Sn —> R’—N8SaR; + RH

Experimental

Materials.—Solvents such as hexane, petroleum ether (b.p.
40-60°), and benzene were dried over sodium. Tetraethyltin
was obtained from Peninsular ChemResearch, Inc. Triisopropyl-
tin oxide and trimethyltin chloride were kindly furnished by
Metal and Thermite Corp. The triphenyltin chloride was East-
man White Label. Triethyltin iodide was prepared from tetra-
ethyltin.!® - The nitrobenzene!* used for conductivity measure-
ments was chromatographed Fisher reagent grade and had a
specific conductance of less than 107 ochm ! c¢m. 1.

Preparation of the N-Nitroaminoalkanes and Their Silver Salts.
—The corresponding alkylamine was converted to the N-nitro-
carbamate,’® which is readily converted to the desired N-nitro-
aminoalkane according to the procedure of Franchimont.’® The
N-nitroaminoalkanes were purified by vacuum distillation at
approximately 10 mm. pressure. N-Nitroaniline was pre-

-pared according to the procedure of Bamberger.'” The alkyl

and phenyl nitramines were converted to their silver salts by the
procedure of Thomas.!®

Preparation of N-Trialkylstannyl-N-nitroaminoalkanes and the
Corresponding Phenyl Compounds.—Typically, three proce-
dures were employed as reported below (¢f. Table I).

(A) In a 250-ml. round-bottom flask equipped with a con-
denser were placed 6.67 g. (33.8 mmoles) of the N-nitroamino-
ethane silver salt and 11.30 g. (33.9 mmoles) of triethyltin iodide
and 100 ml. of benzene. This heterogeneous mixture was
heated under reflux for 13 hr. and filtered while hot, and the
benzene was removed by distillation to yield 9.25 g. of crude
product (m.p. 109-111°). The product was purified by sub-
limation at 80-90° (0.1 mm.); yield 6.31 g., 21.4 mmoles, 63.39;
m.p. 112-113.5°, Some of the products were purified by re~
crystallization (¢f. Table I).

(B) To 2.31 g. (19.6 mmoles) of 2-methyl-N-nitro-2-amino-
propane was added 5.00 g. (9.78 mmoles) of triisopropyltin oxide
in 50 ml. of dry benzene. This mixture was heated under reflux
in a 100-ml. round-bottom flask equipped with a Dean-Stark
trap and condenser until 0.12 ml. of water was collected. The
solution was filtered and solvent was removed by distillation,
yielding 6.83 g. of crude product. Upon sublimation at 70°
(1 mm.), 6.46 g. (919, yield) of material was collected; m.p. 78~
82°.

(C) Tetraethyltin (2.37 g., 10.0 mmoles) was boiled under
reflux with 1.00 g. (9.6 mmoles) of N-nitro-2-aminopropane for

(13) A. Ladenburg, Ber., 8, 358 (1870).

(14) F. R. Longo, Ph.D. Thesis, University of Pennsylvania, 1962, p. 119,

(15) H. M. Curry and J. P. Mason, J, Am. Chem. Soc., T3, 5044 (1951).

(16) A. P. N. Franchimont and E. A. Klobbie, Rec. {rav. chim., T, 343
(1888).

(17) E. Bamberger, Ber., 58B, 2321 (1920).

(18) J. C. A. 8. Thomas, Rec. irav. chim,, 9, 69 (1890).
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TaBLE I

ORGANOTIN NITRAMINES

Compound Elemental analysis, %

ReSaN(NOg) R’ C 0 Sn* N Yield, ~—Equiv, wt.b—— M.p.,°©

R R’ Caled. Found Caled. Found Caled. Found Calced. Found % Calced. Found °C.
CH; CH,e 20.1 20.9 5.1 5.1 49.7 49.5 11.7 12.1 7194 238.9 238.5 155-156
C.Hs CH; 29.9 30.1 6.5 6.2 42.3 42.1 10.0 10.0 10%% 669-% 280.9  280.5 109.5-110.5
C:H; C.H;4 32.6 32.4 6.8 6.9 40.2 40.3 9.5 9.5 639% 204.9 2094.1 108-109.5
C.H; #-CsH; 35.0 34.9 7.2 7.1 38.4 38.2 9.1 8.8 89k 10 308.9 309.0 144-144.5
C.H; t-CHy 37.2 37.1 7.5 7.5 36.7 36.9 8.7 9.2 8099 323.0 325.5 179-180.5
CH; CsH; 42.0 40.1 5.9 6.0 34.6 34.7 8.2 8.4 489:m 343.0 344.9 138-139
i-CsHy  CH; 37.2 37.8 7.5 7.5 36.7 36.6 8.7 8.9 68+ 323.0 324.0 69-72
-CyH; CHe 42.8 42.8 8.3 8.3 32.5 32.6 7.7 7.4 91k 365.1 373.5 77-81
CsH; CHy® 53.7 53.5 4.3 4.4 27.9 27.6 6.6 6.7 630.m 425.1 4240 142144
Ce¢H: CeH; 59.2  59.2 4.1 4.2 24 .4 24.6 5.8 6.2 1Q9:m 487.1 484.0 138-139/

@ Tin determined as stannic oxide after use of fuming nitric and sulfuric acids on sample. ? Titration with standard ethanolic sodium
hydroxide with phenolphthalein indicator. Method suggested by Dr. H. H. Anderson. ¢ All melting points arc uncorrected. ¢ Dcter-

mined cryoscopic molecular weight using camphor (305) and benzene (304).
¢ Method A was used for preparation.
7 Product was recrystallized from benzene for purification.

theoretical within £59,. 7 Melts with decomposition.
¢ Method C was used for preparation.

cation.

15 min., cooled, and refluxed for an additional 5 min. The mix-
ture was cooled and the solid collected. The crude N-triethyl-
stannyl-N-nitro-2-aminopropane was recrystallized from dry
low-boiling (40-60°) petroleum ether (yield 0.24 g., 109%);
m.p. 144-144.5°.
All of the compounds isolated were colorless solids, except N-
triphenylstannyl-N-nitroaniline, which was light brown.
Conductance.—The conductance of N-trimethylstannyl-N-
nitroaminomethane at 25.5 £ 0.5° in nitrobenzene was deter-
mined using a Wayne—Kerr Type B-221 Universal Bridge.
Infrared Spectra.—Infrared spectra reported in this paper
were of solids in potassium bromide disks using a Beckman Model
IR-7 spectrophotometer. A. Perkin-Elmer Model 421 spectro-
photometer was used for the 650 to 400 cm. ™ region of N-tri-
methylstannyl-N-nitroaminomethane, N-triethylstannyl-N-ni-
tro-2-methyl-2-aminopropane, .and N-triethylstannyl-N-nitro-
aminomethane. The infrared spectrum of N-trimethylstannyl-
N-nitroaminomethane also was determined in Nujol; the region
from 2000 to 650 cm.™! was similar to that obtained in potas-
sium bromide except for slight band shifts. In the 650 to 400
cm. ! region, the spectra were very similar except that a strong
band appears at 628 cm.™! in Nujol, whercas only a possible
shoulder at 630 cm. ! was found in the potassium bromide disk.
N-Triethylstannyl-N-nitroaminomethane: 1585 w, 1467 v,
1440 s, 1424 sh, 1875 v, 1827 s, 1263 sh, 1232 m, 1187 m, 1108 v,
1012 s, 951 s, 768 m, 720 m, 680 s, 660 w, 639 s, 530 m, 515 s,
489 m, 400 w (br) cm. 1.
N-Triethylstannyl-N-nitroaminoethane: 1486 v, 1458 m,
1435 m, 1419 m, 1382 m, 1878 sh, 1335 s, 1260 v, 1250 sh, 1228 m,
1187 m, 1145 w, 1107 m, 1082 m, 1015 sh, 995 s, 965 m, 956 m,
912 m, 726 s, 676 v cm. L,
N-Triethylstannyl-N-nitro-2-aminopropane: 1477 v, 1455 sh,
1419 s, 1384 m, 1378 w, 1363 m, 1325 s, 1280 sh, 1259 v, 1247 v,
1229 v, 1185 w, 1166 m, 1129 m, 1033 v, 1018 sh, 965 m, 955 m,
920 m, 868 w, 732 m, 676 s cm. 7L,
N-Triethylstannyl-N-nitro-2-methyl-2-aminopropane: 1478 v,
1452 s, 1418 s, 1392 w, 1375 w, 1362 s, 1330 v, 1290 sh, 1262 v,
1235 sh, 1222 s, 1195 sh, 1185 s, 1050 s, 1013 v, 965 w, 955 m,
928 m1, 907 w, 795 w, 735 s, 682 s, 675 sh, 665 sh, 592 sh, 517 s,
526 sh, 492 w, 477 m, 385 w, 358 m cm. L.
N-Triethylstannyl-N-nitroaniline: 1590 w, 1587 w, 1580 w,
1575 w, 1497 sh, 1482 s, 1457 v, 1450 m, 1445 v, 1432 m, 1415 s,
1377 m, 1313 v, 1310 sh, 1280 sh, 1257 s, 1245 s, 1230 s, 1220 sh,
1210 m, 1205 m, 1192 m, 1170 m., 1157 sh, 1076 w, 1042 w,
1022 sh, 1012 sh, 1002 s, 993 sh, 988 s, 965 m, 932 m, 912 w, 901
w, 776 m, 765 s, 745 w, 735 m, 725 m, 693 sh, 688 s, 677 s, 669 s
cm. 7L
N-Triisopropylstannyl-N-nitroaminomethane: 1497 v, 1458 v,
1428 v, 1404 v, 1380 v, 1364 s, 1326 v, 1305 sh, 1266 v, 1208 s,

! Product was recrystallized from petroleum ether for purification.

¢ Cryoscopic molecular weight using camphor agreed with
» Method B was used for preparation.
& Product was sublimed for purifi-
m Product was recrystallized from hexane for purification.

1155 s, 1139 s, 1090 w, 1089 m, 992 m, 978 w, 932 m, 920 w,
875m,772m, 735w, 710 m, 670 wem.

N-Triisopropylstannyl-N-nitro-2-mmethyl-2-aminopropane:
1480 v, 1468 v, 1444 s, 1412 sh, 1382 w, 1380 s, 1355 sh, 1318 w,
1290 sh, 1260 v, 1230 sh, 1221 m, 1207 sh, 1190 v, 1155 w, 1090 v,
1080 w, 10567 sh, 1047 m, 1020 sh, 1002 v, 990 s, 925 w, 917 m,
872m, 7893 w, 737 m, 729 s cm. L.

N-Triphenylstannyl-N-nitroaminomethane: 1578 w, 1570 w,
1482 s, 1465 v, 1442 m, 1430 s, 1377 v, 1363 sh, 1338 s, 1323 v,
1319 v, 1304 s, 1261 w, 1195 sh, 1185 w, 1157 w, 1100 s, 1075 m,
1065 w, 1020 m, 997 m, 9556 m, 914 w, 761 m, 732 v, 719 m, 697 v
cm. L,

N-Triphenvlstannyl-N-nitroaniline: 1592 w, 1585 w, 1578 w,
1487 v, 1481 s, 1474 v, 1455 sh, 1430 v, 1375 sh, 1335 m, 1308 sh,
1300 s, 1254 s, 1242 sh, 1235 s, 1224 s, 1192 m, 1170 w, 1160 w,
1075 s, 1067 m, 1036 w, 1021 m, 994 s, 973 w, 9256 m, 912 w,
895 w, 879 w, 853 w, 770 m, 762 m, 759 m, 740 sh, 730 v, 722 s,
718 s, 696 v, 688 s, 668 m, 662 w cm. 7L,

Discussion

In terms of yield (Table I) the metathesis and
neutralization reactions are the preferred means of
synthesis. There is no apparent effect upon the yield
when one varies the structure of the alkyl groups.
When the alkyl groups are replaced by a phenyl group
a noticeable drop in yield occurs. Several unsuccess-
ful attempts were made to prepare N-triphenylstannyl-
N-nitro-2-methyl-2-aminopropane by the metathesis
and neutralization reactions.

The neutralization reaction between compounds
containing an acidic proton attached to nitrogen and
organotin oxides is considered to be general and pro-
vides a route to compounds containing a tin to nitrogen
bond. Examples of acidic nitrogen compounds form-
ing stable derivatives with bis(trialkyltin) oxides and
hydroxides are phthalimide,!? p-toluenesulfonamide,?
pyrrole,® and imidazole and its derivatives.® A plau-
sible mechanism for this type of reaction might be

(ReSn)0 + Z>NH —== (R$n).0H + Z>N-

I II

+ - .
(RiSn)OH + £>N- —> RSIN< + RiSnOH
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+
RsSnOH + Z>NH === Ry$n0H + Z>N-

H

111

.
R3Sn%H + Z>N- = RisnN<Z + HO

The reaction between the conjugate base of the
amine (II) and the protonated trialkyltin oxide (I) or
protonated trialkyltin hydroxide (III) can be consid-
ered to be a simple nucleophilic displacement or pos-
sibly could involve formation of an intermediate penta-
covalent species (IV). A similar mechanism has been

R HJE)—(SnRa),H R R
Su—R or  Sn—O—(SnRe),H
e /| H
R N R N
VRN N
Y A Y
v

suggested for the solvolysis of trialkyltin chlorides.*

The cleavage of an ethyl group from tetraethyltin is
quite facile, The reported yields are relatively low,
but no attempt was made to determine the optimum
reaction conditions. This is the first reported case
where a compound with an acidic hydrogen bonded to a
nitrogen participates in this type of reaction.

The products isolated by the different methods of
synthesis proved to be identical as determined by infra-
red spectra and mixture melting points.

Structure of N-Trialkylstannyl-N-nitroaminoalkanes.
—The infrared absorption spectra in the 2000 to 650
cm. ! range of the solid derivatives show the character-
istic absorption of an ionic N-nitroaminoalkane salt,
such as the silver and ammonium salts of N-nitro-
aminomethane (c¢f. Table II).® The stretching vibra-
tions associated with the ionic (NNO,) grouping are
designated as »',s(NNOy), »""2s(INNOs), and veym (INNO3)
and appear for the silver salt at 1359, 1310, and 946
cm.—t (ammonium salt 1351, 1274, and 985 cm.™%).
These bands also are exhibited by N-trialkylstannyl
and N-triphenylstannyl-N-nitroaminoalkanes. In N-
methylstannyl-N-nitroaminomethane these absorptions
appear at 1373, 1319, and 950 cm.—!. The infrared
spectra do not show the typical covalent alkyl nitramine
absorption.??! The infrared spectra seem to indicate
either a trialkyltin cation or pentacovalent tin such as
is found in the trialkyltin carboxylates?®? rather than a
simple covalent structure.

A distinction between an ionic or pentacovalent struc-
ture of these compounds may be made from conduc-
tivity measurements in nitrobenzene. The specific
conductivity of N-trimethylstannyl-N-nitroaminometh-
ane was determined to be 1.394 X 107° and 6.949 X
10~ ohm~! em. ! for solutions of 0.48926 g. in 47.585
ml. and in 67.958 ml, respectively. An approxi-
mate specific conductance of a 0.1 A/ solution was 6.1 X
108 ohm~—!ecm.—!. The low conductivity suggests this

(19) R. Hulme, J. Chem. Soc., 1524 (19863).
(20) N. Jonathan, J. Mol Spectry., §, 101 (1960).
(21) L. J. Bellamy, “The Infrared Spectra of Complex Molecules,” 2nd

Ed., Methuen and Co. Ltd., London, 1958, p. 302.
(22) I.R, Beattie and T. Gilson, J. Chem. Soc., 2585 (1961),
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TaBLE 11

INFRARED SPECTRA (¢M.™') OF N-TRIMETHYLSTANNYL-N-NITRO-
AMINOMETHANE AND THE SILVER SALT OF N-NITROAMINOMETHANE

(CH3)3SnN- Ag(NO2)-
Assignments (NOz)CH;® NCH?
1592 we
CH; asym. deform. 1470 v 1466
CH; sym. deform. 1443 m 1420 s
NNO; asym. str. (¢, NNO;) 1375 v 1359 v
CH; sym. deform. 1358 sh
NNO; asym. str. (#"/3:sNNOy) 1319 v 1307 v
1250 sh 1255 m
CHj; (—Sn) sym. deform. 1198 w
CH; (-N) rock 1189 m 1172 m
C-N str. 1103 s 1060 s
NNO; sym. str. (vsymNNO;) 949 s 945 m
CH; (—8n) rock 775 v
NNO; wag 764 s 734 s
714 m
NO; def, 709 m 722 m
700 w
NO; rock 644 s 642
630 sh
556 m
Sn-C str. 541 m
512 w
395 w¢

@ Abbreviations: v, very strong; s, strong; m, medium; w,
weak; sh, shoulder. ° N. Jonathan, J. Mol. Spectry., 5, 101
(1960). ¢ Very weak, probably an impurity. ¢ Broad band with
several small peaks.

substance has very little tendency to ionize in a solvent
of relatively high dielectric constant, and therefore it is
probably not ionic. This view is corroborated by the
fact that these organotin derivatives possess relatively
low melting points.

The Mossbauer spectrum?® of N-triethylstannyl-N-
nitroaminomethane at 78°K. vs. Sn''*mQ, at 296°K.
shows two well-resolved peaks separated by 3.53 mm.
sec.~! which were shifted 1.499 mm. sec.—! from zero
velocity. The p value, which is the ratio of quadrupole
splitting to the isomer shift as calculated from these
quantities, is 2.373. No resonant absorption was de-
tected at room temperature. These factors suggest the
tin atom is five-coordinate.

Examination of the infrared spectra in the 650 to
400 cm.~! region of several compounds shows at least
three absorption bands. The simplest compound, N-
trimethylstannyl-N-nitroaminomethane, bas bands at
556, 541, and 512 cm.—!. Typical assignments for
tin—methyl asymmetric and symmetric stretching
vibrations as found in trimethyltin chloride are 545
and 514 cm.™), respectively.?* These are in good
agreement with obtained values. The observed spec-
tra are therefore not consistent with an ionic structure;
the peak corresponding to the symmetric stretching
frequency at approximately 514 cm.—! should be ab-
sent. %2

(23) The authors gratefully acknowledge the determination and inter-
pretation of the Mdssbauer spectrum by Dr. R, H, Herber, Department of
Chemistry, Rutgers University, New Brunswick, N. J. .

(24) W. F. Edgell and C. H. Ward, J. Mol. Speciry., 8, 343 (1962).

(25) R. Okawara, B. Hathaway, and D. Webster, Proc. Chem. Soc., 13,
(1963).

(26) R, Okawara, D, Webster, and E. Rochow, J. An. Chem. Soc., 82,
3287 (1960).
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Since we have observed the symmetrical stretching
frequency, the compound does not possess a sym-
metrical planar trimethylstannyl species. This elim-
inates from consideration a planar trimethyltin cation
(V) and any polymeric structure (VI) and VII) where

CH; CH;
NS
Snt
CH;,
v
the trimethylstannyl moiety is planar.
CHg CH; CHg CH;

. 4
+-0—8n—0—N—0—Sn—O-

CH; CH; O CHa CHj;
VRl Ve T
'~~N——Sn——O—N—1TT—Sr‘1—O-~-- CH; T CH;
| !
CH; CH; CH; CH; CH;
VI VII

The trimethylstannyl moiety in the polymer-like
structure VI could be nonplanar due to the different
substituents joined to the tin atom. This model
would be very similar in symmetry to trimethyltin
chloride and therefore only two infrared absorption
peaks would be expected in the 600-500 cm.~! range.
The third absorption peak that is observed could be a
result of a tin to nitrogen or tin to oxygen stretching
vibration, but there seems to be no strong precedence
for either of these assignments. In addition, it seems
unlikely that the trimethylstannyl species would be
nonplanar in this model because it is known!%® that
this moiety is essentially planar in the trimethyltin
chloride-pyridine adduct. The results of the cryo-
scopic molecular weight determination in benzene of N-
triethylstannyl-N-nitroaminoethane (¢f. Table I) are
also not consistent with a polymeric structure.

Two possible structures can be formulated in agree-
ment with a nonplanar trimethylstannyl moiety and an
ionic nitramine. These would involve a trigonal bi-
pyramid tin atom with the nitramine acting as a
chelating group. In the structures (VIIIa and VIIIb)

CH; $Hg /o\ (‘)Hg
Sn—0 CH,;N=N Sn—CH,
/1| v

CH; O—N O CH;

AN
N——CHa
VIlia VIIIb
CH; CH; /o C]Ha
|
Sn—O0 O«N Sn—CH;
] N7
CH; IT*—N—»O ? CH,
CH; CH;
IXa IXb

involving the two oxygens of the nitro group the nitro-

(27) 1. R. Beattie and G. P, McQuillan, J. Chem. Soc., 15619 (1963).

Inorganic Chemistry

gen to nitrogen bond should have double bond char-
acter and therefore show an infrared absorption peak at
approximately 1570) cm.~.%® No infrared absorption
peak was observed in this region.

The trigonal bipyramid structures (IXa and IXb)
involving the amino nitrogen and the oxygen of the
nitro group are compatible with the infrared spectra.
An absorption due to a >N—O grouping is expected
to be present at approximately 1270 cm.—1.2?* We have
observed an infrared absorption band in all of our
compounds in this region which could be ascribed to
this group.

The chelated structures (IXa and IXb) also are
consistent with the observed infrared spectra in the
600-500 cm.~! region. The appearance of three ab-
sorption peaks at 356, 541, and 512 cm.™?! instead of
two peaks 1s most likely due to the lower symmetry
(C,) in comparison to a tetrahedral arrangement of the
trimethyltin group (Cs). The asymmetric tin to
carbon stretching vibration which is doubly degenerate
in trimethyltin chloride is probably split into two
absorption peaks by this change in symmetry.

Stability.—The organotin nitramines are stable in
air like the trialkyltin imidazoles. They dissolve
slowly in water to form an acidic solution which can be
titrated with standard base.

The stability of the tin to nitrogen bond in the nitra-
mine derivatives can be related to structure, The or-
ganotin nitramines are considered to contain penta-
covalent tin similar to the imidazole derivatives.®
On the other hand, the N-trialkyltin amines such as
R;SnNR'; or R;SnaNHR’ most likely possess a tetra-
hedral tin atom and are very reactive toward at-
mospheric moisture and carbon dioxide.’=® It is
concluded the stability of the tin to nitrogen bond is
enhanced when the tin atom changes from a tetra-
covalent to a pentacovalent state.

Unlike the imidazole derivatives the pentacovalent
nitramines probably do not exist in the polymeric struc-
ture. Instead the nitramine portion of the molecule
is chelated to the tin atom to form a four-membered
ring.
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(28) Reference 21, p. 273.
(29) Reference 21, p. 307.



