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Abstract: Thallium(I) (£)-methanediazotate (4) has been prepared and characterized. In contrast to previously reported 
methanediazotates, 4 is a highly crystalline material whose physical properties suggest a considerable degree of covalency: 
it is readily soluble in certain nonpolar solvents; it melts reversibly at a low temperature; it is monomeric and nonconducting 
in chloroform solution; and ions corresponding to the formula T1(CH3N20)"+ are found in the electron impact mass spectrum. 
The crystal structure of 4 revealed Tl-O distances as short as 2.52 (3) A and confirmed the anti stereochemistry; the monoclinic 
unit cell, space group P2t/c-C\h (No. 14), had a = 13.233 (6) A, b = 11.594 (4) A, c = 6.523 (2) A, 0 = 119.45 (3)°, V 
= 871.5 (6) A3, and Z = 8. The compound's advantageous stability and solubility properties provide important new opportunities 
for probing the solution chemistry of the alkanediazotates. As an illustration of this potential, 4 has been converted in homogeneous 
media to unusual JV-nitroso compounds including a quaternary ammonium salt of a primary nitrosamine, an isotopic variant 
of dimethylnitrosamine in which the methyl group syn to the oxygen is fully deuteriated, and the less stable Z conformer of 
methylbenzylnitrosamine. In contrast to 4, its Z stereoisomer has until now defied isolation but has been identified in situ 
by reaction with iodomethane-rf3 to produce (£)-methyl(methyl-*/3)nitrosamine. 

Diazotates 1 and their conjugate acids, the primary nitrosamines 
2 and diazo hydroxides 3, have been invoked as key intermediates 
in many important transformations of organic2 and biological3"11 

chemistry. For the most part, their existence in the various 
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preparative, degradative, and pharmacological activation reactions 
in which they are thought to play a role has been inferred indirectly 
from the identities of the products ultimately observed. Diazotates 
can be isolated, however, and by now the chemistry of numerous 
alkali metal derivatives has been extensively explored,2*1'5'12'18 

though they have almost invariably proven difficult to purify or 
analyze satisfactorily. 

In this paper, we describe the preparation and properties of what 
we believe to be the first example of a thallium(I) diazotate. This 
compound, thallium (is)-methanediazotate (4), contrasts in a 
variety of unexpected ways with previously described diazotates. 
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The results suggest that the thallium derivatives of 1 should provide 
new insight into the chemistry of this important compound type. 

Experimental Section 

Warning. Most /V-nitroso10 and azoxy compounds" are potentially 
carcinogenic, and thallium compounds are considered to be especially 
poisonous." In addition, alkanediazotates are easily converted to dia-
zoalkanes2 and should as a consequence be regarded as capable of de
tonation. While we have prepared compound 4 and studied its reactivity 
on a great many occasions, encountering uncontrolled reactions only when 
the material was exposed to acids, we are aware of one injury-producing 
incident that illustrates the potential hazards of the work described 
herein.20 All such materials should, therefore, be handled, stored, and 
discarded only with proper respect for their toxic or explosive properties. 

Reagents and Methods. All chemicals were obtained from Aldrich 
Chemical Co., except n-butyl nitrite (Frinton Laboratories), rerf-butyl 
nitrite (K & K Laboratories), iodomethane-rf3 and dichloromethane-d2 

(Merck, Sharp & Dohme), and azoxymethane (National Cancer Insti
tute Chemical Carcinogen Reference Standard Repository, a function of 
the Division of Cancer Etiology, NCI, NIH, Bethesda, MD 20892). 

Gas chromatography (GC) was performed on a Perkin-Elmer Model 
996 gas chromatograph equipped with flame ionization detector, a 
Hewlett Packard Model 3380 A integrator, and a 3-m length by 3-mm-
i.d. stainless-steel column of 10% Carbowax 20 M + 2% potassium 
hydroxide on 80/100-mesh Supelcoport. Helium carrier gas was flow-
controlled at 35 mL/min, and temperature was programmed at 24 
°C/min to 220 0 C after it was held initially at 80 0 C for 4 min. Re
tention times under these conditions were 2.72 min for azoxymethane and 
6.11 min for dimethylnitrosamine. 

Ultraviolet (UV) data were collected on a Varian Techtron 635 UV-
vis spectrophotometer. Infrared (IR) spectra were recorded with a 
Perkin-Elmer Model 621 infrared spectrophotometer with sample applied 
to a KRS-5 plate as a mineral oil mull. Proton nuclear magnetic reso
nance (NMR) spectra were determined by a Varian Model XL-200 
NMR spectrometer with tetramethylsilane as internal reference. Thal
lium spectra were obtained by a General Electric NT-300 NMR spec
trometer with a 1280 data system; a broad-band 12-mm tunable probe 
was used, with sample volumes of 2-5 mL. Mass spectra (MS) were 
collected by a JEOL Model JMS-01SG-2 mass spectrometer. Solution 
molecular weight determinations (osmometric) and Karl Fischer (as well 
as elemental) analyses were performed by Galbraith Laboratories, 
Knoxville, TN. Conductivity data were collected by a YSI Model 32 
conductance meter equipped with an Altex-Beckman Model CEL-GOI 
glass pipet conductivity cell (cell constant 0.1 cm'1)-

ThaUium(I) (£)-Methanediazotate (4). Thallous ethoxide (20.67 g) 
was dissolved in 90 mL of peroxide-free anhydrous diethyl ether and 
mixed with 3.93 g of methylhydrazine and 16.6 g of n-butyl nitrite in 25 
mL of ether. After mixing, a reddish oil began to form. Moderately 
vigorous gas evolution ensued, but this could be slowed as desired by 
cooling in an ice bath. Alternatively, tert-butyl nitrite could be used in 
place of the straight-chain isomer, in which case bubbling was barely 
detectable. After the solution was stirred in the absence of air overnight 
(longer if /erf-butyl nitrite was used), 17.4 g (80% crude yield) of large 
yellow crystals had formed. These were collected by filtration and re-
crystallized from dichloromethane or dichloromethane-acetonitrile: mp 
59-61 0C; duplicate molecular weight determinations 264, 265 (chloro
form) and 528, 547 (pyridine); IR 1709 m, 1320 s (br), 1035 w, 842 m, 
680 s, 670 s cm"1; UV (chloroform) strong end absorption with a shoulder 
at 315 nm (e 570 L/mol-cm); 1H NMR (dichloromethane-rf2) 5 3.43 (s). 
Observed conductance values were 0.10-0.11 ^mho for 1-10 mM solu
tions in chloroform [compared with 0.11-0.12 jumho for pure chloroform 

(19) Hui, B. C. Kirk-Othmer Encycl. of Chem. Techno!., 3rd Ed. 1983, 
22, 835-845. 

(20) A colleague has informed us that a 12-mm NMR tube he was opening 
to recover the 0.3 g of 4, which had been standing in dichloromethane-rf2 at 
room temperature for several days after dissolution, violently exploded as the 
plastic cap was removed, peppering his forearm with glass fragments. It was 
later ascertained by 'H NMR that similar ampules of the solvent were con
taminated with a hydroxylic impurity; subsequent Karl Fischer analysis of a 
freshly opened ampule indicated the presence of more than 2% water (ap
proximately 10 times the solubility of water in dichloromethane!); the con
tamination by hydroxylic materials, in combination with the apparent shock 
sensitivity of the sample and the presence therein of crystal edges formed on 
partial evaporation of solvent during prolonged standing, suggested that the 
explosion was due to diazomethane rather than to 4 itself. Indeed, later 
attempts to detonate 4 deliberately by striking, grinding, or heating it failed 
uniformly, and even placing it in a direct flame proved to be notably un
spectacular. Nonetheless, our colleague's experience does underline the im
portance of handling any alkanediazotate with all precautions one might 
normally accord a "stabilized diazoalkane".17 

and 65-650 /tmho f° r I - IO m M solutions of bis(triphenyl-
phosphoranylidene)ammonium chloride ((PNP)Cl) in chloroform] and 
5-20 iumho for 1-10 mM solutions in pyridine (compared with 4-15 
Mmho for pure pyridine and 900 Mmho for a 1 mM solution of (PNP)Cl 
in pyridine). Anal. (CH3N2OTl) C, H, N. 

Hydrolysis of 4 was studied by adding 1.05 mmol to 80 mL of water 
at 20.5 0 C and trapping the stable gas evolved (presumably nitrogen) 
from the increasingly basic medium (final pH 11); gas release reached 
half the theoretical quantity at about 10 min after mixing and was es
sentially quantitative at 100 min, with thallous hydroxide and methanol 
assumed to be the other products. 

X-ray Data Collection and Structure Determination. Two types of 
crystals were observed. The large flakes normally isolated upon re-
crystallization as described above were too thin for satisfactory data 
collection, but the needles found floating in the recrystallization mixture 
when the initial solute concentration was kept low proved suitable for 
diffraction studies. A rectangular parallelepiped (0.25 X 0.40 X 0.90 
mm) was selected for data collection. Intensity measurements were made 
for 1997 independent reflections having 3.00° < 2flMoKa «S 55.00° (+-
h,+k,±!) with graphite-monochromated Mo Ka radiation using 1.00° 
wide ai scans on a computer-controlled four-circle Nicolet Pj autodif-
fractometer. The intensity data were corrected empirically for absorption 
effects by \p scans for four reflections having 20 between 13.4° and 25.4° 
and were then reduced to relative squared amplitudes, |F0|2, by means 
of standard Lorentz and polarization corrections. The structure was 
solved by heavy-atom Patterson techniques, and the resulting structural 
parameters were refined to convergence [R1 (unweighted, based on F) 
= 0.054 and R2 (weighted, based on F) = 0.063 for 927 independent 
reflections having 20MoKa ^ 55.00° and / > 3a(I)] with empirically 
weighted full-matrix least-squares techniques with anisotropic thermal 
parameters for all non-hydrogen atoms. The top 15 peaks (2.2-1.4 e/A3) 
in the final difference Fourier were within 1.72 A of a thallium atom; 
there were no other peaks above the background level (1.1 e/A3). 

Sodium (£)-Methanediazotate (5). An ether solution of methyl
hydrazine (1.17 g) was mixed with 5.3 g of 25% sodium methoxide in 
methanol.16 During the subsequent addition of 5.3 g of n-butyl nitrite, 
extensive precipitation occurred. The resulting slurry was suction-filtered 
as soon as gas evolution had ceased. The white, slightly hygroscopic 
powder was washed with ether and dried in a vacuum desiccator. The 
yield was 1.03 g (50%). Anal. (CH3N2ONa) H; C: calcd, 14.64; found, 
13.22; N: calcd, 34.15; found 27.59. 

(Z)-Methylbenzylnitrosamine (10). Benzyl bromide (7.6 mmol) was 
mixed with 5.0 mmol of 4 and the mixture was allowed to stand at 0 0C 
for 43 h under a nitrogen atmosphere. The bright yellow crystals turned 
pale yellow. Chloroform-*/ (1 mL) was added, and the precipitate was 
removed. The 1H NMR spectrum of the resulting solution included 
sharp singlets at & 3.45 (3 methyl H) and 4.63 (2 methylene H); the 
relative intensity of the two peaks remained at 3:2, but their total in
tensity diminished slowly while singlets at 6 2.74 (3 methyl H) and 5.09 
(2 methylene H) increased correspondingly with time. The quantitative 
course of reaction was determined in a separate preparation in which a 
mixture of 4 (5.0 mmol), benzyl bromide (5.5 mmol), and 40 mL of 
freshly dried (CaCl2) and distilled chloroform was stirred for 100 h at 
room temperature, filtered, and analyzed by HPLC (ji-Porasil column, 
hexane/ether/CH2Cl2 (15:3:2, v/v/v) mobile phase, 254-nm detector); 
the yield of 10 under these conditions was 2.0 mmol (40%). 

(Z)-Methyl(methyl-</3)nitrosamine (11). Compound 4 (5.76 g) was 
mixed with 25 g of ice-cold iodomethane-rf3. The solute initially dissolved 
completely, but cloudiness due to thallous iodide precipitation appeared 
after only a few minutes at 0 °C. After the solution was stirred in an 
ice bath for 2 h, 25 mL of 5:2 (v/v) w-heptane/diethyl ether was added. 
The resulting slurry was suction-filtered, and the filter cake was washed 
with two 5-mL portions of the same solvent and then 5 mL of ether. The 
combined filtrate was extracted with four successive 5-mL portions of 
water. The aqueous extracts were mixed with 2 mL of 10 M sodium 
hydroxide and extracted with four 5-mL portions of dichloromethane. 
The combined organic layer was analyzed by UV, which revealed that 
4.5 mmol (~20% yield) of nitrosamine chromophore was present, and 
by GC, which showed that the yield of azoxymethane was <4%. The 
solution was dried by passage through cotton, placed in a Kuderna-
Danish evaporator, covered with 0.6 mL of water, and concentrated by 
slightly reducing the pressure inside the Kuderna-Danish apparatus while 
a small stream of air was introduced at the bottom of the dichloro
methane layer via a capillary tube until a homogeneous solution was 
obtained. The vacuum source for this step was an aspirator connected 
to the top of the evaporator via a T-tube whose third arm was fitted to 
the gas inlet of a Bunsen burner, with the rate of evaporation being 
controlled by adjusting the needle valve of the burner. To minimize 
conformational equilibration, the temperature of the nitrosamine solu
tions was kept at or below 0 0C for as much of the 2-h workup procedure 
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as possible. A portion of the 0.4 mL of dark yellow, aqueous nitrosamine 
solution obtained after removing dichloromethane was extracted with 
chloroform-*/: 1H NMR 5 3.05 (s, integral 3.5%), 3.74 (s, integral 
96.5%). The molecular ion region of the mass spectrum obtained by 
GC-MS of the dichloromethane solution contained peaks of m/z (rela
tive intensity) 78 (4), 77 (100), 76 (1). 75 (0), 74 (1.5); UV (dichloro
methane) 352 nm. The aqueous nitrosamine solution was purified by 
injecting 0.1-mL aliquots onto the 7-mm-i.d. by 30-cm length ji-Bonda-
pak C18 reversed-phase column of a Waters Associates high-pressure 
liquid chromatography (HPLC) system whose column was jacketed by 
a stainless steel tube through which coolant was circulated at $10 0C. 
The mobile phase was either water or 0.01 M phosphate buffer (pH 7.3) 
at a flow rate of 0.5 mL/min. 

(Z)-N-Ethoxy-JV'-methyl-JV'-(methyl-d3)diazeiiium Hexafluoro-
phosphate (12). A conformationally stable, crystalline derivative of 11 
was prepared by adding 10 mL of a 0.06 M dichloromethane solution 
thereof to a slight excess (160 mg) of triethyloxonium hexafluoro-
phosphate dissolved in dichloromethane. The resulting mixture was 
rotary evaporated, leaving a semisolid mass, which was recrystallized 
from boiling methanol. The yield was 43 mg: mp 92-93 0C; 1H NMR 
(chloroform-rf) b 1.62 (t, 3 H), 3.89 (s, 1.14 H), 4.20 (s, 1.86 H), 5.16 
(q, 2 H); these integral ratios were unchanged after 66 h. A sample of 
the unlabeled analogue was prepared by similar reaction of dimethyl-
nitrosamine with the Meerwein salt and shown to be analytically pure; 
mp 93.5-94.5 0C. Anal. (C4H11N2OPF6) C, H, N, P, F. 

Benzyltrimethylammonium (£)-Methanediazotate (13). The quater
nary salt, 13, was prepared by mixing equal volumes of 4 and benzyl-
trimethylammonium bromide, each as a 0.2 M solution in chloroform- ,̂ 
and filtering the resulting slurry: 1H NMR (-50 0C) 5 3.31 (s, 9 H), 
3.38 (s, 3 H), 4.82 (s, 2 H), 7.5 (m, 5 H); 13C NMR (-50 0C) S 44.3, 
52.1,68.3, 127.1, 128.4, 130.5, 132.0. The absence of additional peaks 
in either spectrum indicated that the yield of 13 was essentially quan
titative. The methanediazotate signal suffered loss of intensity on 
warming, but all others remained constant. The products of decompo
sition were characterized by conducting a similar reaction in undeuter-
iated chloroform while sweeping evolved gas with nitrogen through an 
ethereal valeric acid solution; this confirmed that diazomethane was 
produced, though the amount of methyl valerate recovered was small 
(1.8%) and some methanol appeared to be present in the trapping solution 
as well. That a diazotate can be converted to a diazoalkane efficiently 
under nonbasic conditions has been demonstrated by previous work
ers.16'17 

ThaUium(I) (Z)-Methanediazotate (14) and (£)-Methyl(methyl-
rf3)nitrosamine (15). Thallous ethoxide (10 mmol) was dissolved in 20 
mL of ether, and the resulting solution was cooled to 0 0C in a nitrogen 
atmosphere. A solution of 10 mmol of 7V-nitroso-7V-methylurethane in 
20 mL of ether was added dropwise over 20 min, during which time a 
white precipitate was formed. After the solution stood at 0 0C for 
another 20 min, the presence of 14 was established by adding 20 mL of 
an ether solution containing 31.7 mmol of iodomethane-rf3 to convert 14 
to 15. The deep yellow precipitate that formed during the next 43 h at 
00C was removed, and the filtrate was concentrated to remove most of 
the ether. The nitrosamine was extracted into cold water and then 
back-extracted into dichloromethane. The organic layer was dried with 
anhydrous sodium sulfate and concentrated to remove the dichloro
methane. All operations were conducted at 0 0C. The residue was 
dissolved in chloroform-^: 1H NMR 5 3,11 (s, integral 69%) 3.84 (s, 
integral 31%). After the solution stood overnight at 28 0C, the signals 
at 6 3.11 and 3.84 became equal in intensity. The yield of 15 under these 
conditions was estimated from a series of separate preparations with 
unlabeled reactants; GC indicated that dimethylnitrosamine and azoxy-
methane were each produced in 7% yield when the reaction mixtures were 
allowed to stand in ether solution at 0 0C overnight. 

Results and Discussion 
Historically, diazotates and their conjugate acids have been of 

tremendous importance, playing a key role in processes of great 
theoretical interest (for example in studies of carbenium ion 
chemistry2) as well as commercial significance (e.g., in the dyestuff 
industry2"). Diazotates and their conjugate acids are also proven 
or suspected intermediates in the activation of many potent 
carcinogens to their ultimately tumorigenic forms,3,5"11'21,22 as well 
as in the chemotherapeutic action of certain anticancer 
drugs.4,7,82,22,23 

(21) (a) Gold, B.; Deshpande, A.; Linder, W.; Mines, L. J. Am. Chem. Soc. 
1984,106, 2072-2077. (b) Ninomiya, S.; Ebie, M.; Hakura, A.; Kohda, K.; 
Kawazoe, Y.; Shioiri, T. Tetrahedron Lett. 1984, 25, 5785-5788. 

(22) Bunton, C. A.; Wolfe, B. B. J. Am. Chem. Soc. 1974, 96, 7747-7752. 

Unfortunately, it has been difficult to study these important 
species directly because it has too often proven impossible to purify 
them adequately after isolation as the alkali metal salts, to dissolve 
them without decomposition in nonpolar solvents, and to examine 
them successfully with such useful characterization techniques 
as melting point, combustion analysis, and mass spectrometry. 

We have discovered that replacement of the alkali metal ion 
by thallium(I) can markedly alter the properties of a diazotate, 
permitting facile recrystallization, characterization by a full 
complement of analytical methods, and investigation of its 
chemistry in solution. We describe below the remarkable prop
erties of 4, structurally the simplest of the thallium(I) diazotates. 

Synthesis and Characterization of 4 The synthesis of Tl-
(MeN2O) was easily accomplished by mixing the reactants of eq 
2 in the indicated proportions and allowing them to stir in ether 

MeNH-NH2 + 2/!-BuONO + TIOEt — -

N2O + 2/!-BuOH + EtOH + TI(MeN2O) (2) 
4 

solution until the yellow product crystallized. The synthesis was 
patterned after that of Thiele,16 who prepared sodium (E)-
methanediazotate (5) by mixing sodium alkoxide with methyl-
hydrazine and a nitrite ester. 

Compound 4 contrasted in a variety of important ways with 
previously reported diazotates. To illustrate these differences, we 
also prepared a sample of 5 and studied the physical and chemical 
properties of the two compounds in parallel. 

Compound 4 was highly crystalline and proved to be suitable 
for X-ray diffraction (vide infra), while the sodium compound 
was a white powder. Compound 4 melted at a low temperature 
(59-61 0C) and resolidified upon cooling, whereas characteristic 
melting points have not been observed for 5 and other meth-
anediazotates. The thallous species gave an electron impact mass 
spectrum that included peaks at m/z 262 and 264 attributable 
to molecular ions of composition Tl(CH3N2O) *+ but 5 under 
similar conditions yielded no spectrum. Unlike 5, 4 was not 
noticeably hygroscopic, although the latter darkened slowly upon 
exposure to air. 

Solubility differences between 4 and 5 were particularly 
noteworthy. Compound 4 proved to be especially soluble in several 
relatively nonpolar solvents, primarily halogenated hydrocarbons, 
with solutions as concentrated as 1 M or greater being easily 
prepared in some cases. Compound 4 could also be recovered 
unchanged from wet pyridine and dissolved easily in hexa-
methylphosphoramide (though it appeared to react with dimethyl 
sulfoxide to form colored products as it dissolved). By contrast, 
5 and related diazotates fail to dissolve, or else they dissolve with 
decomposition, in nearly every solvent except hexamethyl-
phosphoramide and dimethyl sulfoxide, in which they are typically 
soluble enough to yield easily observable NMR peaks. 

Its excellent solubility properties have greatly facilitated ana
lytical characterization of the new diazotate. It could be re-
crystallized conveniently by various solvents and solvent combi
nations. The recrystallized material was of reproducibly high 
purity, as reflected both in the characteristic melting point and 
in the elemental analysis, which corresponded satisfactorily to the 
formula Tl(CH3N2O). Decomposition of 4 could be easily de
tected, both by discoloration of the bright yellow solid or its 
solutions and by the appearance of bubbles and/or insoluble 
material in its otherwise homogeneous solutions. 

In contrast, 5 and other alkali metal diazotates have proven 
especially difficult to characterize analytically.24 Their low 
solubility and/or high reactivity in the usual solvents have thwarted 
efforts to purify them by standard methods such as chromatog
raphy or recrystallization. To prepare crystals of potassium 

(23) Lown, J. W.; Chauhan, S. M. S. J. Org. Chem. 1983, 48, 3901-3908. 
(24) Previous comments on the difficulty of achieving and verifying the 

analytical purity of diazotates can be found in ref 2a, 5, 13b, and 17. 
(25) (a) Suhr, H. Chem. Ber. 1963, 96, 1720-1725. (b) Hassaneen, H. 

M.; Abdelhamid, A. 0.; Fahmi, A. A.; Shawali, A. S. J. Heterocycl. Chem. 
1985, 22, 395-400. 

(26) Freeman, W. A. /. Am. Chem. Soc. 1983, 105, 2725-2729. 
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Figure 1. Perspective ORTEP40 drawing for the solid-state structure of 
Tl(CH3N2O) with the two crystallographically independent formula units 
shown in a and b. Atoms are represented by thermal vibration ellipsoids 
drawn to encompass 50% of their electron density. 

(Z)-methanediazotate (6) for X-ray diffraction studies, for ex
ample, the material had to be handled with special techniques 
(sealed capillary, nitrogen atmosphere) after painstaking re-
crystallization from dimethyl sulfoxide or liquid ammonia.18,27 In 
addition, the low solubility renders problematical many of the most 
useful spectral characterization methods. To illustrate this point, 
consider the 1H NMR spectroscopy of diazotates,5'7'15418,25 by now 
widely adopted as a mainstay analytical tool for examining this 
class of compound. For the typical sample, the dimethyl-rf6 

sulfoxide or hexamethylphosphoramide-tf18 solution may yield a 
single 1H NMR peak at the proper chemical shift, tempting the 
analyst to conclude that the sample at hand is pure. However, 
careful inspection may reveal that the solution is cloudy, indicating 
incomplete dissolution of a proportion that is difficult to determine. 
If the solid consists only of undissolved diazotate, then no com
promise of the sample's purity is implied. But if it contains some 
insoluble decomposition product such as an alkali metal hydroxide, 
produced on disproportionation of the "exceptionally air- and 
moisture-sensitive" diazotate27 to diazomethane gas, the contam
ination may not be detectable by 1H NMR even if extensive. For 
this reason, we have adopted elemental combustion analysis as 
the only fully reliable index of purity for the alkali metal diazotates. 
It has been our experience that the quality of such substances may 
show considerable variation from one supposedly identical synthesis 
to another, particularly as reflected in the percent nitrogen value 
observed, which is diminished from the expected value to the extent 
that either of the two main gaseous decomposition products 
(diazoalkanes or dinitrogen) is formed. In our hands, percent 
nitrogen values for the alkali metal methanediazotates have never 
exceeded 90% of theoretical (for example, see the Experimental 
Section). Similar results have been reported by previous authors.24 

These findings underscore the difficulty of adequately purifying 
and characterizing alkali metal diazotate preparations and il
lustrate an important potential advantage of working with the 
thallium derivative, which does not appear to share their analytical 
limitations. 

Structure and Bonding in 4. The crystal structure of 4 was 
determined. The unit cell was monoclinic, space group Flxlc-C\h 

(No. 14), with a = 13.233 (6) A, b = 11.594 (4) A, c = 6.523 
(2) A, /3 = 119.45 (3)°, V= 871.5 (6) A3, and Z = 8. ORTEP 
diagrams of the two crystallographically independent Tl(CH3N2O) 
units are shown in Figure 1. The X-ray data revealed that the 
diazotate moiety OfTl(CH3N2O) is essentially planar (within 0.01 
A), with none of the C, N, or O atoms lying more than 0.4 
standard deviation from the least-squares mean plane defined by 
the C-N-N-O system. In this respect, 4 is like most of the other 
diazotates whose structures have been determined thus far by 
crystallographic methods (Table I).26"30 The only compound we 
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(27) Huber, R.; Langer, R.; Hoppe, W. Acta Crystallogr. 1965, /S, 
467-473. 

(28) Malatesta, L.; La Monica, G.; Manassero, M.; Sansoni, M. Gazz. 
Chim. Hal 1980, 110, 113-121. 
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Figure 2. Perspective ORTEP40 drawing showing the (primary) coordi
nation spheres of the two crystallographically independent thallium atoms 
in crystalline 4. AU atoms are represented by arbitrary-sized spheres for 
purposes of clarity. 

have found in the literature for which significant departures from 
diazotate planarity have been reported was the interesting octa
hedral platinum(IV) complex characterized by Freeman, in which 
the carbon atoms of both the diazotate groupings lay approxi
mately 0.2 A out of the respective N-N-O planes.26 

As a corollary of their planarity, diazotates are expected to 
display considerable double-bond character in their N-N linkages 
and thus to exist in either cis or trans configurations.2*,d Of the 
five crystalline diazotates examined previously by X-ray methods, 
two can be classified as trans, two are cis, and one, the bis(dia-
zotate) mentioned above, has both cis and trans linkages (see Table 
I). It has been widely accepted that diazotates prepared via the 
alkylhydrazine (eq 2) must be of the trans configuration because 
they have long been known to be isomeric with those prepared 
by the action of an alkoxide on an A'-alkyl-TV-nitroso-VV-acyl 
derivative (eq 3)2a,d and because the product (6) of the latter 

o 

o -

synthetic route has been determined to be cis by X-ray crystal
lography.27 As presented in Figure 1, the C and O atoms are 
clearly on opposite sides of the N = N bond in crystalline 4. The 
present study is the first in which the fully reasonable, but as yet 
only indirectly tested, assumption of trans stereochemistry for a 
diazotate prepared from the corresponding alkylhydrazine has been 
directly confirmed by X-ray methods. 

One of the most interesting suggestions implicit in the X-ray 
data concerns the nature of bonding between the thallium! I) and 
the heteroatoms of 4. Since thallous ion has been likened to the 
alkali metal cations but is known to have considerable covalent 
character when bonded to oxygen or nitrogen atoms, which are 
in turn bonded to alkyl groups,31 it was not clear how the met-
al-diazotate bonds in 4 might compare with the presumably ionic 
interactions in the potassium derivative, 6. Consistent with a 
degree of ionic bonding, both crystallographically independent 
Tl atoms in crystalline 4 were found to be within 3.3 A of six (Tl0) 
or seven (Tl6) oxygen or nitrogen atoms of several symmetry-
related diazotate moieties, as shown in Figure 2; the Tl-O and 
TI-N distances for each metal varied by at least 0.48 and 0.29 
A, respectively. Clearly, the solid-state structure of 4 contains 
extensive 3-dimensional association rather than the presence of 
discrete molecular metal-diazotate units. 

(29) Alcock, N. W.; Goodman, P. D.; Kemp, T. J. / . Chem. Soc., Perkin 
Trans. 2 1980, 1093-1095. 

(30) Lalor, F. J.; Desmond, T. J.; Ferguson, G.; Siew, P. Y. / . Chem. Soc., 
Dallon Trans. 1982, 1981-1985. 

(31) Cotton, F. A.; Wilkinson, G. Advanced Inorganic Chemistry, 4th Ed.; 
Wiley: New York, 1980; pp 348-350. 

Both Tl ions do, however, have "tight" 1,3-chelate-type inter
actions with a single diazotate Iigand on the coordination sphere, 
which is similar to that previously observed between a bis(per-
fluorophenyl)zinc group and a tetramethyltetrazene molecule.32 

Interestingly, the Tl-O and Tl-N(2) bonds involving the 
"chelated" diazotate are the shortest Tl-O and Tl-N bonds on 
both Tl coordination spheres. Presumably, retention of such an 
interaction in the gas phase and in solution would explain both 
the mass spectral data and the relatively high solubility of 4 in 
low-polarity solvents. 

The differences in crystal structure data (summarized in Table 
I) between 4 and the other diazotates including 6 further support 
the possibility of significant covalent character to the thallium 
diazotate chelate linkage in 4. The shortest Tl-O distance found 
in 4 was 0.13 A less than the smallest K-O separation in 6,27 while 
the ionic radius of Tl is 0.10 A greater than that of potassium.3' 
Thus, the shortest Tl-O separation is 0.23 A smaller than would 
be expected if thallium bonding were identical with that of the 
K+ ion. A qualitatively similar shortening of the closest metal-
nitrogen distance was also observed, but it was smaller in mag
nitude (0.12 A rather than 0.23 A), suggesting a relatively stronger 
interaction of thallium with oxygen than with nitrogen in the 
diazotate moiety of 4. In any case, the metal-oxygen separations 
in both 4 and 6 were significantly smaller than the metal-nitrogen 
distances, consistent with the smaller size of oxygen and locali
zation of the negative charge on oxygen. It is perhaps also 
noteworthy that the N-N-O angles in 4 were more acute than 
those of any other diazotate, presumably because of chelation to 
thallium. 

These indications of substantial thallium-diazotate association 
in crystalline 4 led us to attempt to determine the type of bonding 
the compound might display in solution. Its high solubility in 
solvents of low polarity such as dichloromethane suggested that 
a similar tendency toward covalency might persist in the dissolved 
state. Consistent with this prediction, the specific conductance 
of 4 in chloroform was identical with that of the solvent and much 
smaller than the values found for similar concentrations of an ionic 
onium halide. In addition, the molecular weight as determined 
by osmometry in chloroform was 264, or exactly one formula 
weight for Tl(CH3N2O). We conclude that 4 is monomeric and 
essentially nonionic in chloroform solution. 

Pyridine solutions of 4 also displayed little conductivity, despite 
the higher dielectric constant and coordinating capability of this 
solvent. The molecular weight was found to be twice the formula 
weight, indicating dimerization in this solvent. By analogy with 
the thallium(I) alkoxides, in which a tetrameric structure has been 
confirmed by observation of 203-p]_2osy| coupling" w e expected 
to find the superposition of a doublet and a singlet in the 205TI 
NMR spectrum. Instead, a singlet (width at half-height 400-500 
Hz) was observed for a 0.1 M solution of 4 in pyridine at ambient 
temperature. This resolution seemed fully adequate for observation 
of the anticipated coupling, since J (203Tl-205TI) for the alkoxides 
is >2000 Hz.33 It is possible that spin-spin interaction among 
the thalliums, if it exists, may be unobservable at this temperature 
because thallium interchange is too rapid. Consistent with fast 
exchange, the signal broadened considerably (width at half-height 
ca. 4000 Hz) when the temperature was lowered to -30 0C. No 
suggestions of doublet character could be found even at this low 
temperature, however, thwarting spectral confirmation of the 
dimeric nature of 4. 

One other datum that may be relevant to the question of 
bonding in 4 is its UV spectrum, which in chloroform consists of 
a low-intensity shoulder at 315 nm on a high-intensity band, which 
extends into the far UV. A similar shoulder (at 263 nm) for 
thallium(I) oxalate in water has been attributed to covalent at
tachment between the metal and the carboxylate function.34 

Bands assigned to thallium(I) transitions might be expected at 

(32) Day, V, W.; Campbell, D. H.; Michejda, C. J. / . Chem. Soc., Chem. 
Commun. 1975, 118-119. 

(33) Burke, P. J.; Matthews, R. W.; Gillies, D. G. J. Chem. Soc., Dallon 
Trans. 1980. 1439-1442. 

(34) Lee. A. G. J. Chem. Soc. A 1971, 2007-2012. 
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Scheme I. Synthesis of Nitrosamines by Alkylation of 
(£)-Methanediazotates 

4: M = Tl 

5: M = Na 

T- ! 
9: B = Me; X = I; M = Tl OrNa 

10: R = PhCH2; X = Br; M - Tl 

11: R - CO3; X • I; M > Tl 

195-245 nm,34 but none was observable because the solvent is not 
transparent in this region. 

We believe that the evidence suggests a greater degree of co-
valent metal-oxygen bonding in the thallium(I) compound 4 than 
in previously described alkanediazotates (Table I), all of which 
display either ionic bonding or covalent metal-nitrogen association. 
While the possibility of noncovalent ion-pair bonding in 4 cannot 
be excluded on the basis of available data, the results obtained 
seem consistent with the published generalizations that the Tl-X 
bond appears to be more covalent than the bond to alkali metal 
ions in similar compounds and that thallium compounds tend to 
be polymeric rather than ionic in the solid phase.31,34 

Stereoselective Synthesis of Thermodynamically Disfavored 
Nitrosamine Conformers. It is well established that diazotates 
can be reacted with certain electrophiles to form a variety of useful 
products.35,36 One example that illustrates both the synthetic 
utility of the diazotate group and its interesting ambident nature 
is the reaction of 6 with alkylating agents. As shown in eq 4, these 

N N 

/ \ Me 0_ 
+ RX »». 

/ N = N * 

/ \ Me O 
/ 

Me 

W 
o 

reactions have typically yielded both azoxyalkanes 7 and nitro
samines 8 among the stable products, with the product ratio 
depending on such factors as polarity of the reaction solvent and 
steric requirements of the alkyl groups. The stereochemistry of 
azoxyalkane synthesis according to eq 4 has been extensively 
studied, confirming that configuration is retained in the trans
formation, i.e., that Z diazotates give as products azoxyalkanes 
having the same stereochemistry, with the attacking electrophilic 
carbon atom being bound to the nitrogen bearing the oxygen atom. 
This stereoselective reactivity has been ingeniously exploited for 
the preparation of several important azoxyalkanes.2d,3S 

It is also well established that the N-N linkages of nitrosamines 
such as 8 have enough double-bond character to permit syn- and 
an»'-alkyl groups to be distinguished;37 when R ^ Me, Z and E 
conformers of compounds having structure 8 can normally be 
individually recognized in the equilibrium mixtures by NMR37 

and sometimes even isolated by selective crystallization or by 
chromatography.38 

We have been interested in the possibility of stereoselectivity 
in the formation of nitrosamines by diazotate alkylation as in eq 
4 but have been able to find no mention of data relevant to this 
point in the prior literature. Compound 4 (Scheme I) seemed to 
be an appropriate substrate for such studies. We now report that 
it can be smoothly alkylated under a variety of conditions and 

(35) Moss, R. A.; Matsuo, M. J. Am. Chem. Soc. 1977, 99, 1643-1645, 
and previous references in this series. 

(36) Cooper, C. S.; Peyton, A. L.; Weinkam, R. J. J. Org. Chem. 1983, 
48, 4116-4119. 

(37) Karabatsos, G. J.; Taller, R. A. J. Am. Chem. Soc. 1964, StS, 
4373-4378. 

(38) Some early references include: (a) Mannschreck, A. Angew. Chem., 
Int. Ed. Engl. 1965, 4, 985. (b) Mannschreck, A.; Miinsch, H.; Mattheus, 
A. Angew. Chem., Int. Ed. Engl. 1966, 5, 728. (c) Lijinsky, W.; Keefer, L.; 
Loo, J. Tetrahedron 1970, 26, 5137-5153. (d) Liberek, B.; Augustyniak, J.; 
Ciarkowski, J.; Plucinska, K.; Stachowiak, K. J. Chromatogr. 1974, 95, 
223-228. (e) Iwaoka, W. T.; Hansen, T.; Hsieh, S.-T.; Archer, M. C. J. 
Chromatogr. 1975, 103, 349-354. 

that the nitrosamine products are those in which the configuration 
of the diazotate moiety is retained. 

We began our studies of 4 alkylation as a route to nitrosamine 
formation with a kinetic comparison between 4 and 5 as substrates 
for electrophilic attack by iodomethane. In chloroform, both gave 
dimethylnitrosamine (9) as the major product, but there was a 
large difference between the rates of the two reactions. In the 
presence of 1 M iodomethane in chloroform-J solution, 0.25 M 
4 was found by NMR to be converted to 9 at an initial rate of 
about 0.01 M/h at room temperature, reaching a plateau after 
1 day of between 50 and 60% of the theoretical yield. By contrast, 
9 was produced from 5 at an initial rate of only 10"4 M/h under 
these conditions. It seemed likely that much or all of this rate 
difference might be attributable to the fact that 4 at this con
centration was completely soluble in the reaction medium while 
the reaction of 5 was forced to proceed heterogeneously, preventing 
the reactants from being adequately accessible to one another. 
For this reason, we attempted both reactions in hexamethyl-
phosphoramide-^18 as well, since both 4 and 5 are soluble in this 
medium. As predicted, results for the two compounds were much 
less dissimilar in this solvent. The rates for formation of 9 at room 
temperature were too fast to follow conveniently by NMR for both 
4 and 5 under these conditions, and the observed yields reached 
plateaus at about 20% of theory for both compounds. Interestingly, 
the yields of azoxymethane were small in all of the above me-
thylation reactions. 

These results suggested that 4, with its unusual bonding 
characteristics and high solubility in nonpolar media, might hold 
considerable promise as a synthon for novel iV-nitroso compounds. 
As one test of this possibility, crystalline 4 was mixed with excess 
benzyl bromide. The solid dissolved easily, following which an 
abundance of thallous bromide began to precipitate. After 
standing at room temperature, the reaction mixture was evapo
rated, and the residue was dissolved in chloroform-d Of the many 
peaks in the 1H NMR spectrum of the crude product, two of the 
strongest were singlets at 3.45 and 4.63 ppm in an integral ratio 
of 3:2. These peaks corresponded in chemical shift and relative 
area to those of the methyl and methylene resonances, respectively, 
of the Z conformer of methylbenzylnitrosamine, 10. On standing, 
the intensities of both peaks decreased while two other signals (2.74 
and 5.09 ppm, also in an integral ratio of 3:2, as expected for the 
E conformer), which were originally very small, grew corre
spondingly until they were about twice the size of the peaks for 
the Z conformer. Evidently, the solvolysis of 4 in benzyl bromide 
led stereoselectively to the less stable conformer of 10. 

The synthetic utility of 4 was further demonstrated by con
version to 11, a derivative of 9 in which the syn- and anrZ-methyl 
groups have been rendered isotopically distinguishable. Such a 
compound was desired for biological studies, e.g., for investigating 
the stereochemistry of enzymatic attack on dimethylnitrosamine 
during metabolic activation to its proximately carcinogenic form. 
To accomplish this preparation, a 1 M solution of 4 in iodo
methane-^ was prepared and allowed to stir at 0 0C. Again, the 
thallium halide began to precipitate soon after mixing. When UV 
and GC-MS revealed 2 h later that the yields of 11 and azoxy
methane-^ were 20% and 4%, respectively, the reaction was 
quenched, and the desired product was purified by low-temperature 
HPLC. The 1H NMR spectrum of 11 consisted of a large singlet 
at 3.7 ppm and a very small singlet at 3.1 ppm, indicating that 
the conformational purity of the product was high (Z:E = 96:4). 
As expected, solutions of 11 underwent equilibration on standing, 
the 1H NMR signals eventually becoming equal in intensity. A 
typical half-life for this interconversion was 2 h at 37 °C and pH 
7.4. However, the conformational integrity of 11 could be pre
served indefinitely when stored as the frozen aqueous solution at 
-20 0C or colder. 

Rotation about the N - N bond could also be prevented by 
reacting 11 with an ethyl Meerwein salt (eq 5). The crystalline 
onium derivative, 12, showed no observable tendency to isomerize, 
consistent with a formal bond order of 2 for the N - N linkage. 

Quaternary Ammonium Diazotate Preparation. Our success 
in the above synthetic attempts encouraged us to look further at 
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the general applicability of thallium(I) diazotates in preparative 
chemistry. As an illustration of its potential for syntheses other 
than those of dialkylnitrosamines, we investigated metathesis 
reactions to determine whether thallium could be replaced by 
onium ions. In view of the affinity of thallium(I) for halide and 
the insolubility of the resulting TlX, it seemed reasonable to 
speculate that ionic, chloroform-soluble organic halides should 
form ionic salts of the primary nitrosamines 2 and diazo hydroxides 
3 in transformations like that represented in eq 6. 

4 + PhCH2NMe3
+Br" PhCH2NMe3 Me + TIBr 

13 
(8) 

This proved to be a rather general phenomenon. For instance, 
when solutions of 4 and benzyltrimethylammonium bromide in 
chloroform-d were mixed in equimolar proportion, thallous 
bromide immediately precipitated, leaving a solution of benzyl
trimethylammonium (£)-methanediazotate (13). This appears 
to be the first reported example of a quaternary ammonium 
diazotate, although an interesting secondary ammonium salt of 
a cyclopropanediazotate has been described.39 While the 
three-membered ring may confer unusual stability on the latter 
alkanediazotate ion, 13 and related diazotates have proven difficult 
to study due to their instability. In chloroform-^ solution, for 
example, 13 decomposed rather rapidly with loss of the diazotate 
methyl signal from the NMR spectrum. The decomposition was 
accompanied by generation of diazomethane, although this product 
was recovered in small yield. Further work on the synthesis of 
onium diazotates is planned, with the aim of determining the 
degree to which their instability may be related to the poorly 
solvating characteristics of the solvents used thus far for these 
necessarily ionic substances, rather than to stereochemical or other 
factors. 

ThaUium(I) (Z)-Methanediazotate (14). Definitive answers 
to some of the questions implicit in the results described above 
will not be possible until data are available for thallium diazotates 
differing only in the configuration about the N=N bond. For 
example, only through parallel studies with the corresponding Z 
diazotates can the effect of stereochemistry be separated from 
that of solvation in dissecting onium diazotate reactivity as pro
posed above. 

Accordingly, we have attempted on several occasions to prepare 
the Z isomer of 4 using variants of eq 3 in which thallium(I) 
ethoxide was used as base. While we have not yet succeeded in 
isolating the desired product, thallium(I) (Z)-methanediazotate 
(14), we have been able to confirm its existence as an intermediate 
in the reaction sequence shown in eq 7. Compound 14 was 

(39) Tandy, T. K., Jr.; Jones, W. M. / . Org. Chem. 1965, 30, 4257-4262. 
(40) Johnson, C. K. ORTEP, a FORTRAN Thermal Ellipsoid Plot Pro

gram for Crystal Structure Illustrations, Report ORNL-3794; Oak Ridge 
National Laboratory: Oak Ridge, TN, 1965. 

prepared by stirring ether solutions of thallous ethoxide and 
N-methyl-./V-nitrosourethane at 0 0C. The identity of the product 
was established by an analytical method similar to that employed 
in the qualitative identification of 4, i.e., by trapping with a suitable 
electrophile and examining the NMR. Addition of iodomethane-^ 
to the initial reaction mixture of eq 7 led to isolation of a tri-
deuteriated derivative of dimethylnitrosamine whose mass spec
trum was identical with that of 11 and whose 1H NMR spectrum 
also consisted of two peaks at the shifts expected for the methyl 
singlets of 9; in this case, however, the higher field signal was by 
far the larger, confirming the identity of the methylation product 
as (£)-methyl(methyl-d3)nitrosarnine (15) and allowing the 
configuration of the intermediate diazotate to be assigned as Z 
(14). 

It is hoped that further attempts to characterize and perhaps 
even isolate 14 may provide additional insight into the chemistry 
of the thallium(I) alkanediazotates as well as of other novel 
7V-nitroso compounds whose preparations the thallium derivatives' 
availability will have made possible. 

Conclusions and Significance 
The unusual bonding and solubility characteristics of thallium(I) 

(£)-methanediazotate (4) have been of significant advantage in 
seeking to overcome some of the longstanding problems of work 
with diazotates. In addition to promising some very favorable 
synthetic implications, the high solubility of 4 in certain nonpolar 
solvents should permit straightforward kinetic studies of the di-
azotate's reactivity in homogeneous mixtures of widely varying 
polarity. The full range of mechanistic possibilities made available 
by the stabilizing and solubilizing influence of thallium is only 
beginning to be probed; we have found, for example, that 4 is 
rapidly converted to largely insoluble product(s) upon irradiation 
for a few minutes in chloroform-J solution in a quartz tube, 
suggesting that an interesting and potentially rich photochemistry 
of diazotates awaits exploration. Electrochemical and other 
fundamental chemical investigations of diazotates in solution 
should also be possible and may prove similarly rewarding. The 
direct biological significance of 4 and related materials is likely 
to be severely limited by the thallium compounds' notorious 
toxicity,19 but important applications in biological research could 
nevertheless develop through their use as synthetic intermediates, 
e.g., via ion exchange to form other soluble diazotates. 
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