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Abstract - Polysilylated hydmzines have wide applicability. It is tedious to 

prepare these compounds by classic means. However, tming hexamethyldisilane 

and 1,2-dimethyl-l ,1,2,2_tetraphenyldisilane a8 counterattack reagent8 we 

synthesized polysilylated hydrazines under alkaline conditions in good to 

excellent yields. This one-pot method is expedient and more efficient than other 

procedures. Polysilylated hydrazines were found to react with aldehydes or 

ketones in the presence of a catalytic amount of trimethylsilyl 

trifluoromethanesulfonate to give the corresponding hydrazones under 

anhydrous conditions. 

INTRODUCTION 

Polysilylated hydrazines are ideal starting materials for the generation of various 

organic species. Example8 of their application include photolysis of tetrakis(trimethylsilyl~ 

hydrazine to provide bis(trimethylsilyl)aminyl radical;1 condensation of 1 ,l-bis- 

(trimethylsilyl)_2,2-dimethylhydrazine with chloroformate, phosgene,* or fluorophosgene3 

to give hydrazodicarboxylates; reaction of disilylated 4-amino-1,2,4-triazole with thionyl 

chloride to afford a (sulfinylamino)triazole;4 and metallation of fully silylated hydrazine to 

produce dinitrogen-containing organometallic complexes.8 

In spite of the wide applicability of polyailylated hydrazines, their preparation ie tedious. 

The typical procedure involve8 sequential eilylations of the nitrogen8 by eeparate 

reactions.e-11 Furthermore, strong baees euch a8 n-butyl- or phenyllithium are commonly 

employed.6-9 Scheme 1 depict8 a claeaic method for the preparation of 

tetrakie(trimethylsilyl)hydrazine. s It include8 three stape, utilize8 two different bases, 

requires the etrong silylating agent Me$iBr, and give8 the desired product in - 8% overall 

yield. Herein we report an efficient, “one-pot” method for the 8ynthe8i8 of a variety of 
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Scheme 3 

RESULTS AND DISCUSSION 

Scheme 4 illustrates our design for the preparation of polyeilylated hydrazinee 12 

(Scheme 6) from hydrazines 8 and Me3SiSiMe3 (9) under alkaline conditions. The disilane, 

Me3SiSiMe3, plays a dual role in this reaction: eilylating agent and source of base. In the 

overall process, proton ah&action alternatea with silylation. This alternation repeated four 

times would convert H*NNHz to (Me$3i)2NN(SiMe3)2 without isolation of any 

intermediate. 
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The entire process shown in Scheme 4 constitutes a catalytic cycle. Trimethyleilyl 

anion (lob), resulting from Sb, could trap a proton fmm the starting material (8).14Js Thue, 

only a catalytic amount of baee should be required to complete the reaction shown in 

Scheme 5. 
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Wnlesa otherwise indicated, the reaction WM carried out at mom temperature for 24 hr with KH aa 
the base . Whe reaction time w8a 3 days. cIhe reaction time wea 40 hr. dd3uLi (1.3 eq) was used a8 
the base. 
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obtained PhsMeSiH and disilyl hydrazine 16~ in 96% and 93% yields, respectively. This 

disilane also efficiently silylated 1,ldimethylhydrazine (17a, 83%). However, we found it 

impractical to use a related compound, PhsSiSiPhs, for the eilylation. Hexaphenyldisilane 

has low solubility in most organic solventa and dissolves sluggishly in HMPA. 

We performed the newly developed process for polysilylation of hydrazines on scales 

ranging from milligrams to multigrams. The stoichiometry of KH to initiate the reaction 

on a gram scale can be reduced from 0.3 to 0.1 equivalent. In addition, our experiments 

showed that this silylating reaction benefits from HMPA as a cosolvcnt. In the absence of 

HMPA, the reaction produced a significant amount of the corresponding 2-tetrazene, 

RR’N-N=N-NRR’.*s 

In a control experiment, we treated hydrazine 14a with 1.0 equivalent of KH in 

THF~MPA (4:1) in order to convert 14a completely to hydrazide 28 (Scheme 7). We then 

added 1.3 equivalents of Me3SiSiMes to the reaction mixture. Hydrazide 28 was expected to 

react with 1 .O equivalent of MesSiSiMe3 to give mono8ilyla~d hydrazine 29. The remaining 

0.3 equivalent of MesSiSiMes could transfer only up to 30% of 29 to disilylated hydrazine 

14b via 30. Under such conditions, we expected to observe both 29 and 14b after workup. 

Through product analysis with CC and NMR spectroscopy, we did not detect any 

monosilylated hydrazine 29. Instead, disilylated hydrazine 14b was isolated in 75% yield 

based on the amount of Me3SiSiMe3 added. These results indicate that silylation of 28 with 

Me3SiSiMe3 in THFIHMPA is slower than silylation of 30. 
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In contrast with most silylated nitrogen compounds.24 we found that polysilylated 

hydrazines are stable under mild hydrolytic conditione. Routinely the silylatione were 

worked up with aqueous 8odium chloride solution, and the products were purified by 

chromatography with silica gel and a mixture of EtOAdhexanes as eluant. Among 

product8 Mb-215b, slight hydrolyeis occurred during chromatography only with the silyl 

ether moieties in 21b and 24b. We conclude that trimethylsilyl ethers are more susceptible 

to hydrolysis than are trimethyleilylated hydrazinee. This eusceptibility accounts for the 

lower yield8 in the conversions of 2fa to 2lb and 24a to 24b (entries 11 and 14, respectively). 
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and are not corrected. Analytical TLC wae performed on precoated plates purchased from 

Analtech, Inc. (silica gel GHLF) by using UV Iight or 2.6% phosphomolybdic acid in ethanol 

with heating for visualization. Mixturea of ethyl acetate and hexanea were used as eluants. 

GC analyses were performed on a HewlettPackard 6794A instrument equipped with a 

12.5-m cross-linked methyl8ilicone gum capillary column (0.2-mm i.d.1. Purification by 

gravity column chromatography was carried out by using EM Reagents Silica Gel 60 

(particle size 0.063-0.200 mm, 70-230 meeh ASTM). Chromatotron separations were 

performed on a model 79241‘ chromatotron from Harrison Research. The plates (1,2, or 4 

mm thickness) were coated with EM Reagenta Silica Gel 60 PFs4 containing gypsum. 

Infrared (IR) spectra were measured on a Perkin-Elmer 599B or 710B spectrophotometer. 

The wavenumbers reported are referenced to the polyetyrene 16Olcm-1 absorption. Proton 

NMR spectra were obtained on a Varian (XT-20 spectrometer with chloroform-d as 

solvent and tetramethylsilane as an internal standard. Proton NMR multiplicities are 

recorded by using the following abbreviations: 8, singlet; d, doublet; t, triplet; q, quartet; m, 

multiplet; br, broad; J, coupling con&ant (hertz). High-resolution mass spectra were 

obtained with a VG Analytical 70-S mass spectrometer. 

Stan~rd Procedure for the Prepamtion of Polysilyiated Hydrazines 

Potassium hydride was added to a dry, one-necked Lund-Sterno flask equipped with 

a stirring bar and a rubber septum, and was washed with hexanes (3 x 5 mL). Hexanes 

were removed to give KH as a white powder. The hydrazine in THF was added to the flask 

at 0 “C under an atmosphere of nitrogen. ARer one hour of stirring, the suspension was 

warmed to room temperature and HMPA and a disilane were added. Stirring was 

continued for 24 hours. Then the reaction was quenched with water (2 mL) and the 

Rolution was extracted with diethyl ether (3 x 15 mL1. The combined organic layers were 

washed with water (4 Y 10 mL) and brine 12 x IO mL), dried over MgS04, filtered, and 

concentrated to give an oil. The crude product was chromatographcd to afford a pure 

polysilylated hydrazine. 

~S)_l-Bisttrimethylsilylk;lmino-2-(methoxymethyl~pyrrolidine (13b) 

The standard procedure was followed. Reagents added into the reaction flask included 

KH (36% in mineral oil, 40 mg, 0.35 mmol, 0.3 equiv.), (Sf-f-)-1-amino-2- 

(methoxymethyl)pyrroIidine (ISa, 160 mg, 1.16 mmol, 1.0 equiv.), THF (12 mL), HMPA 

(3.0 mL), and Me$iSiMe3 (354 mg, 2.42 mmol, 2.1 equiv,). After workup and purification 

by gravity column chromatography (10% EtOAc in hexanes as eluant), disilylated 

hydrazine 13b was obtained as a colorleas oil (298 mg, 1.08 mmol, 94%): CC (injector 

temperature 260 “C; column temperature 130 ‘0 tR 4.68 min.; 1H NMR (CD&) 6 0.09 (8, 

9H, NSi(CH,),), 0.21 (3, 9H, NSi(CH& 1.35-2.05 (m, 4H, CH,CH& 2.80-3.60 (m, 5H, 

OCHZNCH and NCH& 3.36 (s,3H, OCH& IR (neat) 2955,2895,2820,1450 (C-N), 1400, 

1260 (SCCH,), 1 I98 (N-Si), 1125 (C-O), 963 (N-W, 878,845 (Si-CH$, 763,683 tm1; exact 

mass calcd for ClzH&J20Siz: 274.1897; found (70 eV): 274.1899. 
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(SCCHo), 1118,1056,1030, 1004,838, 795, 729,703 cm-r; exact mass calcd for CIxHIISi: 
198.0865, found 170 eV): 198.6860. 

i-[Bisttrimethylsilylkrmino~mopi~ridine Wb) 

The standard procedure was followed. Reagenta added into the reaction flask included 

KH (35% in mineral oil, 66 mg, 0.49 mmol, 0.3 equiv.), l-aminohomopiperidine (Wa, 187 

mg, 1.64 mmol, 1 .O equiv.), THP (16 mL), HMPA (4.S mL), and MeaSiSiMes (503 mg, 3.44 

mmol, 2.1 equiv.). After workup and purification by gravity column chromatography (16% 

EtOAc in hexanes as &ant), disilylated hydra&e 18b was obtained as a colorless oil (413 

mg, 1.66 mmol, 97%): TLC Rf0.78 6% EtOAc in hexanes); GC (injector temperature 260 

“C; column temperature 130 “C) tn 4.45 min.; IH NMR (CDCl$ b 0.12 (a, 18H, 2 x 

SKCH&), 1.33-1.70 fm, 8H, @Hz),), 2.79-3.13 (m, 4H, CH,NCH& IR (neat) 2940, 2862, 
2845.1452 (C-N), 1403.1254 (SCCHS), 1062,970,845 (Si-CH& 763,688 crn.1; exact mass 

calcd for C,pHx&&: 258.1948; found (70 ev): 258.1948. 

The etsndard procedure was followed, Reagenta added into the reaction flask included 

KH (36% in mineral oil, 134 mg, 1.16 mmol, 0.3 equiv.), l,l-dimethylhydrazine Wa, 232 

mg, 3.86 mmol, 1.0 equiv.), THP (39 mL), HMPA (9.5 mL), and MqSiSiMeS (1.19 g, 8.12 
mmol, 2.1 equiv.), After workup and purification by gravity column chromatography (5% 

EtOAc in hexanes as eluant), disilylated hydrazine l‘?b was obtained as a colorless oil (779 
mg, 3.82 mmol, 99%): TLC Rf0.78 (6% EtOAc in hexanes); GC (injector temperature 260 
“C; column temperature 80 “C) tR 2.87 min.; 1H NMR (CDCl$8 0.12 (s,l8H, 2 x Si(CH&& 

2.62 (8,6H, 2 x NCH$; IR (neat) 2940,2896,2850,2618,2768,1440 (C-N), 1400.1238 (Si- 
CHa), 1015,956 (N-Si), 863 (SCCH& 822,750,672 cm-l; exact mass calcd for CoHuN2Sie: 
204.1478; found (70 eV): 204.1480. 

1 ,l~~is~di~he~yl~thyL~i~yi~2,2dimethylhyd~~i~ We) and ~iphe~ylmethy~si~a~~ 

The standard procedure was followed, except that the reaction mixture was stirred for 

72 hours. Reagenta added into the reaction flack included KH (35% in mineral oil, 67 mg, 

9.68 mmol, 0.3 equiv.), 1,ldimethylhydrazine (17a, 116 mg, 1.93 mmol, 1.0 equiv.), THP (19 
mL), HMPA (6.0 mL), and Ph&eSiSiMePhp (1.66 g, 4.06 mmol, 2.1 equiv.). After workup 
and purification with a chromatotron (2 mm plate, hexanea as eluant), the desired product 
(16~) was obtained aa a colorleee oil (725 mg, 1.66 mmol, 83%): TLC RfO.64 (10% EtOAc in 
hexanes); CC (injector temperature 269 *C; column temperature 250 “C) tR 11.13 min.; IH 
NMR GDCIB) 6 0.49 (8, 6H, 2 x SiCHa), 2.46 (8, 6H, NCH& 7.64-7.77 (m, 20H, ArH); HZ 
(neat) 3052 (ArH), 2998,2976,2926,2864,2833,2782,2749,1927,1854,1786,1735,1652, 
1447 G-N), 1383,1267 (Si-CH& 1212,1181,1148,106!$977 (N-W, 908,792,741,686 

cm.1; exact mass calcd for C&$.$iz: 452.2104; found (70 eV): 452.2110. 
The by-product Ph%MeSiH was isolated as a colorless, irritant liquid (682 mg, 3.44 

mmol, 89%). Its physical properties are identical to those listed in the preparation of 16c. 
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