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Several 5,lO-dihydrophenazasiline derivatives have been prepared by a cyclization reaction from N-substituted 2,2’- 
dilithiodiarylamine intermediates and diphenyldichlorosilane, dibenzyldichlorosilane or methylphenyldichlorosilane. Also, 
four 10,l0’-spirobi(5,1O-dihydrophenazasiline) compounds have been synthesized in a similar fashion from siliccn tetra- 
chloride. Two functional 5,lO-dihydrophenazasiline derivatives, Le., having a silicon-hydrogen grouping, have been obtained 
by treating N-ethyl-2,2’-dilithiodiphenylamine with phenylsilane and with n-hexadecylsilane. These functional derivatives 
have been treated with a variety of organolithium reagents to give the corresponding substitution products in good yields. 

The first 5,lO-dihydrophenazasiline compounds 
were synthesized in low yields by the extended 
heating of diphenylsilane with phenothiazine deriv- 
atives.’ Recently, we have reported the successful 
preparation of 5,l0-dihydrophenazasiline com- 
pounds by a new method, which involves cycliza- 
tion reactions of appropriately substituted halo- 
silanes with N-ethyl-2,2‘-dilithi0diarylamine.~ 
Thus, 5-ethyl-l0,lO-diphenyl-5, 10-dihydrophenaza- 
d i n e  and 5,5’-diethyl-10,10’-spirobi(5,lO-dihy- 
drophenazasilane) were obtained by treating di- 
phenyldichlorosilane and silicon tetrachloride with 
one and two molar equivalents, respectively, of 
N-ethyl-2,2‘-dilithiodiphenylamine. In  these stud- 
ies, this new method of synthesis has been more 
thoroughly investigated and broadened to include 
both functional and many nonfunctional types. 

The products of the cyclization reactions of N- 
substituted 2,2’-dilithiodiarylamine intermediates 
with dichloroorganosilanes are summarized in 
Table I. Thus, by varying either one or both of 
the reactants a wide variety of compounds has been 
prepared. Treatment of methylphenyldichlorosilane 
and dibenzyldichlorosilane with N-ethyl-2,2‘-di- 
lithiodiphenylaminez gave 5-ethyl-lO-methyl-10- 
phenyl-5, 10-dihydrophenazasiline (I) and 5-ethyl- 
10,1O-dibenzyld,l0-dihydrophenazasiline (11). 

The synthesis of some 5-methyl and &phenyl 
derivatives of 5,10-dihydrophenazasiline has been 
accomplished by starting with the corresponding 
N-methyl and N-phenyl compounds of 2,2‘- 
dibromodiphenylamine. N-Methyl-2,2’-dibromo- 
diphenylamine was prepared by reacting 2,2’- 
dibromodiphenylamine3 with methyllithium and 
then with a refluxing tetrahydrofuran solution of 
dimethyl sulfate. Reaction of this compound with 
n-butyllithium and subsequent treatment with 
diphenyldichlorosilane gave the known compound, 
3 - methyl - 10,lO - diphenyl-5,lO-dihydrophenaza- 

(1) H. Gilman and D. Wittenberg, J. Am. Chem. Soc., 79, 
6339 (1957); D. Wittenberg, H. A. McNinch, and H. Gil- 
man, J .  Am. Chem. Soc., 80, 5418 (1958). 
(2) H. Gilman and E. A. Zuech, Chem. & Ind., 1227 

(1958) ; J .  Am. Chem. SOC., 82, 2522 (1960). 
(3) E. R. H. Jones and F. 0. Mann, J .  Chem. SOC., 786 

(1956), 

siline (111) . 1  The 10,lO-dibenzyl derivative IV was 
prepared in like manner. 

The N-phenyl compound, 2,2’-dibromotriphenyl- 
amine, was obtained by heating a mixture of 2,2‘- 
dibromodiphenylamine, iodobenzene, anhydrous 
potassium carbonate, and copper-bronze. The 
dilithium compound was then formed by halo- 
gen-metal interconversion and treated with di- 
phenyldichlorosilane to give 5,1O,lO-triphenyl- 
5,lO-dihydrophenazasiline (V) . 

In order to obtain the 2-substituted compounds 
VI and VII, it was first necessary to synthesize 
the appropriately substituted amine intermediates. 
Here, the very versatile Chapman rearrangement4 
was utilized. 2-Bromophenylbenzimidoyl chloride 
was prepared according to the procedure of Jones 
and RiIann,3 and allowed to react with the sodium 
salts of 2-bromo-4-chlorophenol and of 2-bromo-4- 
phenylphenol. The resulting benximidoate esters 
were thermally rearranged and subsequently hy- 
drolyzed to give 2,2’-dibromo-4-chlorodiphenyl- 
amine and 2,2‘-dibromo-4-phenyldiphenylamine, 
respectively. Procedures, used to prepare the 
N-ethy12 and N-methyl derivatives of 2,2‘-dibromo- 
diphenylamine, were employed to convert these 
amines to the corresponding N-ethyl compounds. 
The 2-substituted 5,lO-dihydrophenazasiline com- 
pounds VI and VI1 were ultimately obtained by 
treating the .N-ethyl compounds with n-butyllithium 
and then wihh diphenyldichlorosilane. 

The 10, 10’-spirobi (5,10-dihydrophenazasiline) 
compounds listed in Table I1 were prepared by 
techniques similar to those used for the compounds 
in Table I. 5,5’-Dimethyl-lO1l0’-spirobi(5,10-di- 
hydrophenazasiline) (VIII) , for example, was ob- 
tained by treating silicon tetrachloride with two 
molar equivalents of N-methyl-2,2’dilithiodiphenyl- 
amine. 

The synthesis of unsymmetrical 5,lOdihydro- 
phenazasiline compounds containing different or- 
ganic groups attached to silicon is complicated by 
the inaccessibility of unsymmetrical diorganosilicon 
halides. Therefore, it was of interest to prepare 
phenazasiline types having a functional group 

(4) A. W, Chapmen, J. Chem. Soc., 1743 (1927); 569 
(1929). 
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TABLE I 
R 

6 '  R 

a \  7g33 / \  * R' 
COMPOUNDS FROM PAPRr AND R"ZSiClfa IN REFLUXING DIETHYL ETHER 

Li Li 
R't, 'R!, 

Silicon, yo Time, Yield, Solventb Empirical 
No. R R '  R" (hr.) % M.P. for Crystal. Formula Calcd. Found 

I C9H5- H- CbHr+CHr)"  17' 72 62-64 A CllHllNSi 8.90 8.92, 8.80 
I1 CzHb- H- c s & c H r  16d 58 71-73' A CsHnNSi 6.93 6.81, 6.83 
I11 CHZ- H- csHt.- 17 64 182-184 B 
IV CHr- H- c s H s c H ~  16' 36 126127.5 B CnHzsNSi 7.17 7.23, 7.18 
V Cs&- H- CsH5- 24c 32 210-212 B CJoH,,NSi G .60 6.29,6.42' 
VI C2HL- C1- CsH- 5' 27 121-122 B CI~HIzCINSi 6.82 6.83, 6. 70h 
VI1 cZH5- c6"- ca6- 4' 34 145.5-147 B CJzHnNSi 6.19 6.25, 6.22' 

C Z L H ~ I N S ~  - - - 

Compound I was prepared from methylphenyldichlorosilane. A, absolute ethanol; B, petroleum ether (b.p. 60-70) '. 
Color Test I remained positive. Toluene was added, the ether removed by distillation, and the toluene suspension refluxed 

Calcd.: C, 
Anal. Calcd.: C, 75.79; 

Anal. Calcd.: 

for 2 hr. before the color test was negative. ' Toluene suspension refluxed 3 hr. 
84.66; H, 5.45; N, 3.29. Found: C, 85.13; H, 5.52; N, 3.19. 
H, 5.38; C1, 8.61. Found: C, 76.22, 76.04; HI 5.26,5.41; CI, 8. 47, 8.66. ' Toluene suspension refluxed 19 hr. 
N, 3.09. Found: N, 3.20, 2.98. 

B.p. 204-212 (0.005 mm.). 
Toluene suspension refluxed 18 hr. 

TABLE I1 
R 
I 

R 

Time, Yield, Solvent" Empirical Silicon, 7 0  

M.P. for Crystal. Formula Calcd. Found No. R R' (b.1 % 
VI11 CHI- H- Nb 57 247-249 C CMH-NXi 7.19 7.08, 7.19 
I X  CJ35- H- 18 24 313-314 C C d d 8 i  5.46 5.40, 5.37 
X cZH6- c1- 24c 30 189-191 D CgHuClrNzSi 5.76 5.87, 5.80' 

4.92 4.97, 5.04' X I  GHb- Cs%- 24' 41 235-238 D CMHdISi  

" C, ethyl acetate; D, petroleum ether (b.p. 60-7O0)-benzene (1: 1). Color Test I remained positive. Toluene waa added, 
the ether removed by distillation, and the toluene suspension refluxed for 1.5 hr. before the color test waa negative. Toluene 
suspension refluxed 1 hr. Calcd.: C, 68.98; H, 4.96. Found: C, 69.04, 69.22; HI 4.79, 4.60. e Anal. Calcd.: C, 84.16; H, 6.00. 
Found: C, 84.82, 84.62; H, 5.75, 5.96. 

which could subsequently be allowed to react with 
various organolithium reagents. This approach 
has previously been exploited quite successfully in 
the synthesis of unsymmetrical dibenzosilole de- 
rivatives.6 

The difficulties encountered in the handling and 
storing of silicon halides prompted the investigation 
of organosilicon hydrides' in this cyclization reac- 
tion with the aim of preparing silicon-hydride 
functional compounds. In an orienting experiment 
to determine the course of the reaction, N-ethyl-2, 
2'dilithiodiphenylamine was treated with diphenyl- 
silane. 5-Ethyl - 10,lO - diphenyl - 5,lO - dihydro- 
phenazasiline (XII) was produced in a 36% yield. 
(5) H. Gilman and R. D. Gorsich, J .  Am. Chem. Soe., 80, 

1883 (1958). 
(6) For reactions of organosilicon hydrides with organo- 

metallic compounds, see H. Gilman and E. A. Zuech, J .  Am. 
Chem. SOC., 81, 5025 (1959). 

Accordingly, phenylsilane wag treated with the 
dilithium compound to give the silicon-hydride 
functional compound, &ethyl-10-phenyl-5,lOdihy- 
drophenazasiline, in an 80% yield. This compound, 

CzHs 
I 
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TABLE I11 
C1H5 

COMPOUNDS FROM THE REACTION OF O'D Y WITH It'Li I N  REFLUXING 
Si 
/ \  

R H  

DIETHYL ETHER 

R'Li Time, Yield, SolventQ Empirical Silicon1 % 
No. R R '  (b.1 % M.P. for Crystal. Formula Calcd. Found 

XI1 CeH6- C6HS- 17 69 121-122 B C2~H23NSi - - - 
XI11 CcHb- 4-CHaC6Hd- 5 70 102-103.5 E CZ7HzbNSi 7.17 7.08, 7.06 
XIV cd&- 2-CsHsC&-* 16 73 121.5-124 F CasHnNSi G .19 6.28, 6.15 
X v  CsH5- 4-CsHsOCsKr-' 16 59 Y S ,  5-100 G Ca2H2,NOSi 5.98 6.17, 5.88 
XVI CeHe- 4-BrChH.--C 18d 39 i>Y-160.5 D CPeH22BrNSi 6.15 6.32, 6 .18  
XVII c&5- 4,4'-C,HJ2eH,--Cp6 18' 49 2 '18-248 G C52H44N2Si2 7.48 7.24, 7.29 
XVIII n-Cl.,H33- Ce€Ib- 18 50 237-23V - CsaHslNSi 5.34 5.36, 5 .36 

X I X  n-C16H33- 4-CH3C6H4- 18 47 220-22Y - C3?Hs3NSi 5.20 5.09, 5 .  2zh 
(0.004) 

(0.003). -- 
a B, petroleum ether (b.p. 60-70'); D, petroleum ether-benzene (1:  :); E, petroleum ether-almolute ethanol (1:  I);  F, 

H. Gilman, W. 
Ro:;.:: tciriperature. p-Biphenylenedilithium. f Re- 

95% ethanol; G, benzene-absolute ethanol (1: 1). 
Langham, and F. W. Moore, J .  Am. Chem. SOC., 62, 2327 (1940). 
fluxing bemefie. 0 B.p., 'C. (mm.). * Anal. Calcd.: C, 82.31; 11, 9.89. Fo.i:cd: C ,  82.81, 83.02; H, 9.92, 9.72. 

H. Gilman and K. Oit-*, .i. Org. Chem., 20, 862 (1955). 

upon reaction with an ethereal solution of phenyl- 
lithium, gave the known derivative XII, thereby 
substantiating the proposed structure. In similar 
fashion, the compound reacted with various or- 
ganolithium reagents to give the unsymmetrically 
substituted derivatives in good to excellent yields. 
(Table 111). 

Another functional phenazasiline type, 5ethyl- 
10-n-hexadecyl-5,1Odihydrophenazasiiine, was pre- 
pared by treating Nethyl-2,2'-dilithiodiphenyl- 
amine with n-hexadecylsilane. Treatment of this 
substance with organolithium reagents afforded the 
unsymmetric:il derivatives, as described above 
(Table 111). 

EXPERIMENTAL' 

A detailed description of the steps leading to &methyl- 
10,10-dibenzyl-5,10-dihydrophenazaailine (IV) is illustra- 
tive of the method used in the preparation of the compounds 
listed in Tables I and 11. Significant variations in the proce- 
dures and other data of value are collected in the tables. 

6-Methyl-lO,lO-dibemyl-6,lOdihydrop~azasiline (IV). 
N-hlethyl-2,2'-dibromodiphenylamine (6.82 g., 0.02 mole) 
in 100 ml. of ether, cooled in an ice bath, waa treated with 
0.04 mole of an ethereal solution of n-butyllithium. Color 
Test 1 1 8  was negative after stirring for 1 hr. A solution of 
5.60 g. (0.02 mole) of dibenzyldichlorosilane in 25 ml. of 
ether was added, and the reaction mixture heated a t  reflux 
for 16 hr. Since Color Teat I9 remained positive, 50 ml. of 
toluene was added and the ether removed by distillation. 
After refluxing the toluene suspension for 3 hr., the color test 
was negative and the reaction mixture was poured upon 
crushed ice. The aqueous layer waa separated, extracted 

(7) All melting and boiling points are uncorrected, and all 
reactions involving organometallic reagents were carried out 
under an atmosphere of dry, oxygen-free nitrogen in sodium 
dried solvents. 

(8) H. Gilman and J. Swiss, J. Am. C h a .  Soc., 62, 1847 
(1940). 

(9) H. Gilman and F. Schulze, J. Am. C h a .  Soc., 47,2002 
( 1925). 

with ether, mrj disrmled. The rombined organic solutions 
were dried with anhydrow sodium sulfate and evaporated. 
Treatment of the oily residue with petroleum ether (b.p. 
60-70') gave X.67 g. of a tlan solid, m.p. 113-125'. This 
material waB rwryst,allixtd twice from petroleum etaher to 
give 2.78 g. (3tJt'!-j of colorless needles, m.p. 126-127.5'. 
An additional rec-vstaUization did not change the melting 
point (see Table 1 ) .  
N-Melhyl-8,2'-d:.Xrcm.wlz'phssyln:ri.! F Methyllithium (0.1 1 

mole) was added to  30 g. (0.092 moie) of 2,2'-dibromo- 
diphenylamine' in IM ml. of ether nod cooled in an ice bath. 
After stirring for 1. hr., a solution of 15 g. (0.12 mole) of 
freshly distilled d imehyl  sulfate in 100 ml. of tetrahydro- 
furan was added, ana the ether removed by distillation. The 
resulting solution was aeated a t  reflux for 18 hr. and, after 
cooling, hydrolyzed wrt,l iced water. The aqueous layer was 
separated, extracted wit!! ether, and discarded. After drying 
the combined organic sc+tions with anhydrous sodium sul- 
fate, the solvent waa rem.oved by distillation. The residue 
was taken up in petrolelm ether (b.p. 60-70') to give 27.8 
g. (89%) of colorless cryst,aia, m.p. 106-109'. The an:tlytical 
sample melted a t  106-107'. 

Anal. Calcd. for Cl&T3rlN: N, 4.11. Found: 1, 4.17, 
4.10. 

2,Z'-Dibromolriphmy/lami,le. A mixture of 10.3 g. (0.0314 
mole) of 2,2'-dibromodiphenylnmine,J 18.3 g. (0.09 mole) of 
iodobenzene, 8 g. of anhydrous potassium carbonatc, arid 
0.5 g. of copper-bronze was heated from 175 to 200" for 24 h r .  
The reaction mixture was allowed to cool, treated with 200 
ml. of ether, and filtered. The ether was evaporated and thc 
resulting material dissolved in absolute ethanol. Aftei etand- 
ing for 5 days, a light brown solid was deposited. This was 
taken up in hot 95% ethanol, treated with charcoal, and 
cooled to give 5.37 g. (43%) of colorless crystals, m.p. 106- 
109". Recrystallization from the samc solvent raised tlic 
melting point to 108.5-110O. 

Anal. Calcd. for Ci8H1$Br2?:: N, 3.47. Found: N, 3.47, 
3.52. 

A similar reaction employing 22.9 g. of 2,2'-dibromodi- 
phenylamine gave only a 28y0 yield of 2,2'-dibromotriphen- 
ylamine. 

Z-Brmo-&chlorophenyl N-2-bromophenylbmzimidoate. 
Sodium ethoxide waa prepared by treating 10.3 g. (0.45 g.- 
atom) of sodium with 300 ml. of absolute ethanol. After 
cooling the solution in an ice bath, 95 g. (0.46 mole) of 2- 
bromo-4chlorophenol in 100 ml. of ether was added, fol- 
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lowed by a solution of, 133 g. (0.45 mole) of 2-bromophenyl-. 
benzimidoyl chloride3 in 100 ml. of ether. The reaction mix- 
ture was stirred at room temperature for 16 hr., and then con- 
centrated by the distillation of the greater portion of the 
ethanol. After cooling, hydrolysis was effected by pouring 
upon crushed ice, and the aqueous layer decanted from the 
resulting heltvy oil. The oil slowly solidified and was recrys- 
tallized twice from 95y0 ethanol t o  give 148 g. (71%) of 
colorless crystals, m.p. 70-72'. The analytical sample melted 
at 71-72', 

Anal. Calcd. for C1~HIZBr2ClNO: C, 49.01; H,  2.60; N, 
3.01. Found: C, 49.32, 49.19; H, 2.69, 2.65; N, 3.21, 3.19. 
N-Benzoyl-2,2'-dibromo-~-chEorodiphenylamine. 2-Bromo-4- 

chlorophenyl N-2-bromophenylbenzimidoate (15 g., 0.032 
mole) was heated from 230 to 240' for 2.5 hr. The resulting 
black makrial was dissolved in 50 ml. of absolute ethanol, 
treated with charcoal twice, and concentratcd dcposit,ing 
6.25 g. (42%) of tan crystals, m.p. 120-125". Two additional 
recrystallizations from the same solvent, raiscd the inelt.ing 
point to 127-128.5'. 

Anal. Calcd. for CloHIzBr2ClNO: C, 49.01; H, 2.60; Tu', 3.01. 
Found: C, 49.09; H, 2.83; N, 2.99. 

The yields from two similar runs were 52 and 557& respec- 
tively. 

2,2'-Dibromo-.&chlorodiphenylan2ine. A niixtuie of 18.5 g. 
(0.04 mole) of N-benzoyl-2,2'-dibromo~~4-chlorodiphenyl- 
amine, 20 g. of potassium hydroxide, 20 ml. of water, and 
150 ml. of ethanol was heated a t  reflux for 18 hr. The 
reaction mixture was concentra,ted by distil!ing approxi- 
mately 150 ml. of solvent and then poured upon crushed ice. 
After extracting the aqueous solul.ion with etiicr, the organic 
solution was dried with anhydrous sodium sulfate and dis- 
tilled. The residue was taken up in absolute ethanol, 
treated with charboal, and reduced in volume to give 11.25 
g. (79%) of colorless solid, m.p. 81-83". Recrystallization 
from the same solvent gave whit.e flakes, n1.p. 81-82.5". 

Anal. Calcd. for C12HsBr&1N: C, 39.87; H, 2.23; N, 3.88. 
Found: C, 39.88; H, 2.33; N, 4.00. 

In  two similar runs, 2,2'-dibromo-4chlorodiphenylamine 
was prepared in yields of 71 yo and 730/h. 

N-Ethyl-2,2'dibr~~n~o-4-chlorodiphetbylamine. A solution of 
21 g. (0.058 mole) of 2,2'-dibromo-4-chlorodiphenylamine in 
100 ull. of ether was treated with 0.06 mole of an ethereal 
solution of methylltt.hium, while cooling in an ice bath. 
After stirring for 1 hr., 9.24 g. (0.06 mole) of freshly distilled 
diethyl sulfate in 70 rnl. of tetrahydrofuran was added and 
the ether was removed by distilla.tion. The resulting solution 
was refluxed for 16 hr. and then hydrolyzed with 100 ml. of 
water. The reaction products 'wrc worked up in the usual 
manner and distilled at rediiccd pressure to give 17.7 g. 
(78%) of pale yellow viscous oil. t,.p. 142-146" (0.005 nun.), 
n'," 1.6437. Attempts to crvstLillize the material were uii- 

successful. 
Anal. Calcd. for CI4Hl2€3r2U!S: N, 3.60. Found: N, 3.ti8, 

3.64. 
In  an analogous run, tlic ethylated ctmpourld \vas ob- 

tained in an Slyo yield. 
S-Brow~obiphenyl-4-yl ,I.'-~-bromophen?jlbenzir~iidonle. A 

solution of 130 g. (0.58 mole) of 2-bromo-4phcn).lphrnol in 
300 ml. of ether was added t,o 0.55 niolc of sodiuni ethoxidc iii 
700 ml. of absolute ethanol, while cooling in an ice bath. 
This solution wa8 then treated with 161 g. (0.55 rnoh) or 
Zbromophenylbenzimidoyl chloride3 in 100 nil. of c:thctr. 
After stirring for 16 hr., the solution was coucerltrated by 
distillation, cooled, and poured upon crushcd ice. Thc aquc- 
ous solution WRS decanted from the resulting sticky solid, 
which was recrystallized from ethyl acetate to give 208 g. 
(74%) of colorless crystals, m.p. 146-149". Two recrystal- 
lizations of a portion from ethyl acetatc raised tho melting 
point to 149-151'. 

And. Caicd. for CZ5Hl7RrzNO: C, 59.19; H, 3.38; S, 2.76. 
Found: C, 59.76, 59.83; H, 3.40, 3.52; N, 2.56, 2.67. 

.~-Benzoul-2.2'dihro~rto-l-nhenuldivhen~~l~~nine. 3-Bromo- 

mole) was heated from 240 to 255' for 2.5 hr. The blarli 
reaction mixture was then djgcstcd with 50 ml. of ethyl 
acetate. After cooling, the solution was filtcred, reduced in 
volume (ca. 20 ml.), and filtered agnin. A total of 19.9 g. 
(80Yo) of tan solid, n1.p. 204-208", was collected. A portion 
was recrystallized tivice from rthyl acrtate and then from 
benzene to give colorless crystals, m.p. 209-2) 1 '. 

Anal. Calcd. for CZsH1,Br3SO: X, 2.76. Fouiid: S, 2.73, 
2.71. 

In  two similar runs, the yields of rearrangement product 
were 68 and 69%, respectively. 

2,%'-Dibromo-4-phenyIdiphenylnnlilze. A mixture of 27 g. 
(0.053 mole) of N-benzoy1-2,2'-dibromo-4-phenyldiphenyl- 
amine, 100 g. of potassium hydroxide, and 700 ml. of 957, 
et)hanol was refluxed for 19 hr. The solution was con- 
centrated by distillation and then poured upon crushcd ice. 
The aqjirous solution was extracted with ether and discardvd. 
After drying and distilling the organic layrr, the residue s a s  
takcn rip in absolute ethanol, treated with charcoal, and 
reduced in volume to give 16.7 g. (78%) of pale ycllow 
crystals, m.p. 82.0-83.5'. Recrystallization from the same 
solvent gave lustrous crystals, m.p. 82-83". 

Anal. Calcd. for CI8HlaBr2N: C, 53.61; €I, 3 .25;  N, 3.48. 
Found: C, 54.01, 53.98; H, 3.39, 3.35; N, 3.40, 3.44. 

N-EthyG8,2'-dibromo-4-phenyldiphenylumin~. A solution 
of 19.9 g. (0.049 mole) of 2.2'-dibromo-4-phenyIdiphenyl- 
amine in 100 nil. of ether, cooled in an ice bsth, was treated 
with 0.05 mole of an etheral solution of methyllithiiim 
After stirring for 1 hr., 8.5 g. (0.055 mole) of freshly distillrd 
diethyl sulfate in 70 ml. of tetrahydrofuran was added. The 
ether was removed by dist,illation and the tetrahydrofuran 
solution heated a t  reflux for 16 hr. Hydrolysis was effected 
with water and the reaction mixture worked up in the usual 
manner. The remaining material was treated with a small 
amount of absolute ethanol and filtered to give 17.6 g. of 
brown solid, m.p. 90-95'. This material was recrystallized 
From absolute ethanol to give 15.7 g. (74%) of colorlcss 
crystals, m.p. 92-95'. The analytical sample melted a t  93- 
'35". 

Anal. Calcd. for Cz0HI7BrZN: C, 55.71; H, 3.98; N, 
Found: C, 55.88, 55.05; H, 4.09, 3.96; S, 3.46, 3.36. 

In  a repcat run, the N-ethyl derivative was obtained in a 
7270 yield. 

5-Elhy1-10,1O-diphenyl-5,1D-dihyd~ophenclzasilir~e frortt 
diphenvlsilane. A solution of 3.55 g. (0.01 mole) of N - e t h ~ l -  
2,2'-dihromodiphen~.lamine2 in 50 ml. of ether, cooled iii an 
ire bath, was treated with 0.02 mole of an ethereal solution 
of n-hiit\~llithi1ini. After stirring for 1 hr., 1.84 g. (0.01 mole) 
of diplienylsilanr~0 dissolved in 50 ml. of dry toluene \ m s  
addcd and the reaction mixturc heated a t  reflux for 22 hr. 
Color Test I9 was negative and hydrolysis was effected 1)y 
poiiring upon a solution of dilute sulfuric acid. The organic 
h y r r  was workcd up  in the usual manner and evaporateti 
riiider an air-jet. The remaining material was taken up i n  
petroleum ether (b.p. 60-70") to give 1.64 g. of pale yellon 
crystals, m.p. 109-120'. This material was then dissolved i n  
hot pet,rolcum ether, decolorized with charcoal, and cooled 
to give 1.36 g. (36%) of colorlcss crwtals, m.p. 121-12:)', 
xhich was identified as 5-~~t ,h~~l -10 ,10-d i~~hc1~~~I-5 ,10-d i l1~-  
drophc~iinzasiline by misrcl nicltillg point :i l lt i  by coniparisou 
of  the infrared spectra.lb2 

5-E'thyl-lO-phenyt-5,f0-tlih~C1~opl1~~~u~~~'~i~~c. An cthcrcd 
sohit ion containing 0.04 mol(: of ,l:-ctlia.l-?,'L'-dilithiodi- 
phrnylaniinr,* preparcd as dcscribcd al)ovc., was added o v u  
a period of 1 hr. to 5.4 g. (0.05 molc) of phcnylsilanctL1 ill 100 
ml. of ethrr, whilr cooling i n  an ire bath.  After stirring for 2 
hr. nt room tcmperat,urc, Color Test 1 9  \\-as negative anti 
hydrolysis was effrcted by pouring upon crushed ice coli- 
taining a sindl amount of sulfiirio acitl. The orgniiic I:L)YY 

(10) R. A. Benkeeer, H. Landcsiii:tn, and 1). J.  E'ortcsr, 

(1  1)  A .  E. Finholt, .4. C. Bond, Jr.. IC. 12. m'ilzI):tch, and 

__-- 

J .  Am. Chem. Soc., 74, 648 (1052). 

bipheiiyl-4-?.1 N-2-bromophenylb&zimid~ate (25 g., 0.049 H. L. Schleeingcr, J .  i lnz.  Cheiu. SOL., 69, 26Y2 ( 1947) 



was separated and dried with anhydrous calcium. sulfate, 
and the ether removed by distillation. The resulting mate- 
rial was distilled a t  reduced pressure to give 9.6 g. (8076) of a 
pale yellow viscous oil, b.p. 180-184" (0.014 mni.). This 
material solidified upon standing to a colorless sticky solid 
which was extremely difficult to crystallize to a sharp mrlting 
point, It was recrystallized finally from petroleum ether (b.p 
60-70") to give colorless needles, m.p. 75-78'. 

Anal. Calcd. for C20HlgXSi: Si, 9.33. Found: Si, 9.08, 9.16. 
In another run employing 0.085 mole of 3'-ethyl-2,2'- 

dilithiodiphenylamine, there was obtained a 78% yicld of 
5-ethyl-10-phenyl-5,lO-dihgdrophenazasiline. 

5-Elhyl-lO-n-hexadec~1-5,1O-dihydrophenazasiline. An 
ethereal solution containing 0.05 mole of N-ethyl-2,2' 
dilithiodiphenylamirie* was added over a period of 1.5 hr. to 
11.0 g. (0.055 mole) of n-hexadecylsilane12 in 100 ml. of 
ether, while cooling the reaction flask in an ice-bath. The 
reaction mixture was warmed to room temperature and re- 
fluxed for 2 hr. before Color Test I9 was negative. After 
hytlrolj,zing by pouring upon crushed ice, ether was added, 
m i l  the organic layer was separated and dried with anhy- 
tlroris calcium sulfate. The ether mas removed by distillation 
and the resulting oil was distilled at reduced pressure to 
give 16 g. of turbid liquid, b.p. 193-233" (0.008 mm.). This 
liquid was then redistilled to give 11.9 g. (5373 of liquid, 

(12) 11. B. Hughes, Ph.D. dissertation, Iowa State Uni- 
versity ( 1958). 

b.p. 230-235" (0.003 mm.), which solidified upon standing. 
A portion of this material was recrystallized twice from a 
10: 1 mixture of methanol and benzene to give colorless 
crystals, m.1,. 51-53'. 

Anal .  Calccl. for CaoH42%i: Si, 6.25. Found: Si, 6.41, 6.20. 
Injrared absorption spectra. All of the infrared spectra of 

the 5,lO-dihydrophrnazasiline compounds showed a split 
band of weak to medium intensity in the 9.3 to 9.4 /r region. 
An absorption band a t  13.1-13.2 p 6-disubstitution) was 
present in all of the spectra, while those of the compounds 
containing substituents in the 2-position exhibited an addi- 
tional band a t  12.3-12.4 p (1,2,4-trisubstitution). The two 
Si-H functional compounds had a strong band at 4.7 p 
characteristic of the Si-H grouping. 
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T w o  intcrconvcrtible isomeric forms of S-methylthianiin have been found to exist. Thc higher inclting, more stable foriii 
is designated ns ~-(1'-a1nino-2'-methyl-5'-pyririiidylmethylformamido)-2-meth~~l-3-methylmercaptotetrahydrofuran. The 
lower melting, less stable form is designated as 4-(4'-amino-2'-methyl-5'-pyrimid~lmethylformaniido)-3-methylmercapto-4- 
methyl-A3-pentenol. 

The hypothesis put forth in 1940 by Zima and 
Williams3 suggests that, thiamin (I) exercises some 
of its vital physiological functions in the so-called 
open form (11). The latter arises in vitro from I 
by thc action of two equivalents of alkali.4 

- 

2 0 H -  . 
2 HJO+ 

HjC CH,CH,OH 
I 

' 3 ' ~ 3 " 2  O=/C-H TH 

N\ CHz-N 
'C=C 

I I 
CHg CkI,CH,OH 

I1 
.- 

(1)  This w'ork formed part of the Ph.l). thesis of Eugene 
P. DiBclla, Fordham University, 1953, and was supported 
t)y a grant-in-aid from the Williams-Waterman Fund of 

(2) Presrnted before the 122nd Meeting of the American 
*the Research Corporation. 

Chemic-:il Society a t  Atlantic Citv. September 1952. 

We planned the preparation of a structurally 
simple, locked open form of thiamin which might 
prove useful in testing this and other hypotheses on 
the functioning of thiamin. The preparation of S- 
inethylthiamin (111) was attempted by reaction of 
I with three equivalents of aqueous alkali and one of 
dimethyl sulfate or methyl iodide. A product was 
obtained whose elementary analysis corresponded 
to the desired compound. It melted at 193'. 

A&cH,-N' j '\ c=c 
I I 
CHj CHLCHLOH 

I11 

Shortly aftcrwards, however, Sylies and 'I'odd5 
reported the preparation of an S-methylthiamin of 
melting point 133' by a procedure which utilized 

(3) 0. Zima and R. R. Williams, Ber., 73, 941 (1940). 
(4) R. R. Willianis and .4. E. Ruehle, J .  A m .  Cheni Soc., 

(5) P. Sykes and A. R .  Todd, J .  Cheni SOC, 531 (1051). 
57,1856 (1935). - 


