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crude product (11.22 g.) with 250 ml. of hot water followed 
by filtration and then evaporation of the water from the 
filtrate on a steam bath gave 3.6 g. (77.8%) of succinimide, 
1n.p. 118-122", melting point undepressed on admixture 
with an authentic sample of succinimide, infrared spectrum 
superiniposable upon that of an authentic sample of succini- 
iiiide . 

The water-insoluble solid was continuously extracted with 
benzene for 2 hr. There remained 4.24 g. (62.5%) of 
benzene-insoluble material which did not melt up to 400". 
Its infrared spectrum was superimposable upon that of an 
authentic sample of diphenyltin oxide. An oxine derivative. 
prepared as described above, was identical to the oxine 
derivative of authentic diphenyltin oxide. 
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Several orthoforinamides were prepared by the reaction of sodium salts of S-alkylanilines with chlorodifluoroniethane. 
The orthoformamides, on treatment with mineral acids, alkyl or acyl halides give formamidinium salts in excellent yield. 
The forinamidinium salts react with sodium hydride t o  yield methylenedianilines, with alkoxide ion to  yield alkoxydiamino- 
methanes, and with phenyllithium to yield benzaldianilines. With primary amines they yield substituted formamidines 
and with sodium trichloroacetate they form trichloromethyldiaminomethanes. The formamidinium salts may also be 
nitrated in good yield. 

The chemistry of 1 ,l,l-trianiinoalknnes or ortho- 
amides is not well known. In  1887 Iiekule' re- 
ported that the reaction of piperidine with 1,1,1- 
trichloroethane produced l,l,l-tripiperidinoethane. 
McElvain2 also reported the synthesis of this com- 

C 3 . H  f CH37Ck -)(-+ ( c N ) C C H l  

o c H z c H , N 3  

pound by the reaction of ketenediethylacetal with 
piperidine. 

Roli~i io  a i d  6 o l c l ; ~ i i ~  h:+\.o nwwt  Iy rr-cxainintxl thl. 
work of both of thew i i i i  t hors :uid ideritifiecl thc 
caoinpouiid reported by Kekule :LS I ,klipiperjdino 
ctharie and that reported by McElvain as l$l-dj- 
piperidiiioethylene. They also prepared derivatives 
of orthoformamide by reaction of N,W-dimethyl- 
dichloroformamide with the potassium salts of 
phthalimide and saccharine. 

(1) A. Kekule, Ber.. 20, 3247 (1887). 
(2) H. M. Barnes, D .  Kundiger, and S. hl .  nlcLIvain, J .  Am. Chem. 

( 3 )  H. Bolirne and F. Soldan. Ber., 94, 3109 (196i). 
Soc.. 62, 1281 (1940); 67, 202 (1943). 

Bredereiak, ct aZ.,* have also reccntly rcported thc 
synthesis of a series of triacyl orthoforniamides. 

By a variety of methods we have synthesized 
several triaryltrialkyl orthoformamides which were 
found to be readily convertible to a series of form- 
amidinium salts.6 The preferred method for pre- 
paring orthoformaniides is the reaction of the 
sodium salt of an N-alkylaniline with chlorodifluoro- 
methane. The reaction was found to be quite gen- 
eral and was applied to N-methylaniline, "ethyl- 
aniline, and p-nitro-N-methylaniline to produce the 
series of orthoformamides, Ia-c. 

X-CsHd X-CsHd 
3 \ "a + CHciiJ2 --+ ( >) CH 

/ 
R 11 3 

Ia. S = -H 
111. S = -H 
IC. S = p-IYOz 

11 = -CHj 
R = -GHs 
It = --CHj 

( '~ilorodifluoromctl~~iit~ was fonnd supcrior to  \ w l h  
tlichlorofluoromethaiie aiid chloroform, procliiciiig 
i.lcnner products in higher yields. The orthoforrn- 
:imide, (la) W R S  also obtained from the reaction of 
thr forinninjdiniiim iodide (Ha) with S-mcthyl- 
aniline aiid sodium hydride. IIa was prepared by 
niethylatjon of diphenylformamidine with methyl 
iodide and sodium hydride to give N,N'-diphenyl- 
N-methylformamidine followed by quaternization 
with methyl iodide in acetonitrile. This synthesjs 
serves as compelling evidence for the assigned 
structures of both the formamidinium iodide (11s) 
and the triaminomethane (la). It was found that 
(4) H. Bredereck, R.  Gompper, H. Renipfer, 1% Keok, and K .  

Klemm, Angew. Chem., 70, 269 (1958); H. Bredereck, R.  Gompper, 
H. Rempfer, K Klemm. and H. Keck Ber., 92, 329 (1959); H. 
Rredereck, R Gompper, F Effenhergei, H. Rech ,  and H Heme, 
t h z d ,  93, I d 9 8  (1960) 

(3) Io1 8. biiei preliiniriary accoiiiit of the norh see D. H. Clelueiis 
and W. D. Emmans, J .  Am. C h m .  Soc., 89, 2588 (1961). 
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H 
C6H5--S-CH=N-C6H5 + CH31 + NaH ---f 

CH3 CHaI I CHaCN 
C6H5-K-CH=N-C6H~ - 

CHI CH, 
1 C6HszgHa H ( c6H5j) 

CH CsHi-N=CH--?-C,& - 
Ie ,CHa 3 

IIa Ia 

Ia  could also be prepared by the treatment of 
ethyl orthoformate with N-methylaniline. Yields 
approaching 20% could be obtained in several hours 
a t  reflux or over a period of a month or more a t  
room temperature ; however, a considerable effort 
on our part failed to raise this yield. This method 
has the advantage of producing a very pure product, 
a fact that is of some importance in this particular 
case since the extreme insolubility of I a  makes i t  a 
difficult substance to purify. A final method of prep- 

aration of Ia  was based on decomposition of 
sodium trichloroactate in an excess of N-methyl- 
aniline. This reaction, while convenient to run, also 
gives yields of around 20% and since i t  requires an 
excess of N-methylaniline as a solvent it is not 
particularly convenient for large-scale preparation. 
The initial step in this reaction may involve the 
formation of dichlorocarbene which then reacts 
further with N-methylaniline to produce the ob- 
served product. A simple displacement mechanism 
is equally attractive. 

CsHs 
\ 

NH 

Severnl intcm-tiiig facts were noted concerning 
this synthesis. Al l  of the ?odium trirhlorxcetate is 
decomposed as indica ted by R theoretical evolution 
of carbon dioxide, and yet essentially no N-methyl- 
miline hydrochloride j s  formed. The chlorine not 
converted to sodium chloride is accounted for ab 
vhloroform which can be isolated in considerable 
amounts. Also it was found that the decomposi- 
tion of trichloroacetic acid in N-methylaniline 
gives a good yield of chloroform and none of the 
orthoformamide. A likely explanation of these 
facts is that the hydrochloric acid initially formed 
in the reaction of N-methylaniline with sodium 
trichloroacetate rapidly converts the remaining 
sodium salt to the free acid, which then decomposes 
to chloroform and carbon dioxide. Though these 
results suggest that a higher yield of triamino- 
methane could be obtained in the presence of a 

strong base, no improvement in yield was noted 
when the decomposition was carried out in the 
presence of sodium hydride, sodium N-methylaniline 
or sodium acetate. 

The most characteristic reaction of the tri- 
aminomethanes is their facile conversion to form- 
amidinium salts. Several strong acids readily 
effect this transformation, and the main considera- 
tion is choice of an anion which gives a mater-in- 
soluble and thus easily isolated formamidinium 
salt. In some cases it is advisable to carry out the 
reaction in an acid which gives a soluble formami- 
dinum salt and to  add a second anion to  precipitate 
the formamidinium cation. For example, Ia or 
I b  dissolve readily in concentrated hydrochloric 
acid to give a solution of the corresponding form- 
amidinium chloride. On addition of potassium io- 
dide to these solutions the formamidinium iodide 
immediately precipitates and can be readily isolated 
by filtration. 

I 11 

Alkyl and acyl halides also convert the triamino- 
methanes to formamidinium salts. In  this case the 
alkylated or acylated alkylaniline is also produced. 
In  the case of the alkyl halide reactions an excess of 
alkyl halide was used and quaternary anilinium 
salt isolated. The reactions are particularly useful 
for preparing water-soluble formamidjnjum salts, 
since the transformation is carried out in an an- 
hydrous medium and the products are easily sepa- 
rable. 

Ar Ar Ar Xe /Ar \ 

/Ar 1 0 

R’ lye ‘It R 

In  each of the above preparations of formamidin- 
ium salts a positive charge is devel3ped on one of 
the nitrogens of the orthoformamide. This charged 
intermediate then fragments to  form the highly 
stabilized formamidinium salt and a second frag- 
ment, ie., the alkylaniline in the reaction with 
mineral acid, the dialkylaniline in the reaction 
with alkyl halides and the acylalkylaniline in the 
reaction with acyl halides. A concerted mechanism 
for this interconversion is an equally attractive 
possibility. 
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/"' Ar 
Ar 
\ 
/@ 

+ N=CH-N + 'N-R,' 
/" 

Ar 
\ 

/ 
\R R R R 

Xe '"-YH-".R 'N-R' Xe 
/ \  

R A r  
R' = -H, -alkyl, or acyl- 

The ready availability of the formamidinium 
salts has prompted us to study several of their reac- 
tions. These salts are subject to attack by a wide 
variety of nucleophilic reagents. I Ib  reacted readily 
with sodium hydride to give the diaminomethane 
(111) resulting from addition of hydride ion to the 
central carbon atom. This interesting reaction is 
one of the few cases known where sodium hydride 
smoothly reduces an organic compound. With 
phenyllithium a similar addition took place leading 
to the phenyldiaminomethane (IV) which was 
readily hydrolyzed to benzaldehyde. Unfortu- 
nately this reaction could not be generalized to in- 
clude lithium alkyls. With n-butyllithium the only 
isolated product was the triaminomethane, Ia, 
accompanied by considerable tar. 

CsH5 CsH6 
\ / 

NCH,N 
/CsHs NaH + 

CeH; 
\ 

N=CH-N 

IIb I11 
CH3 
I 

- 

IIa 

l'hc addition of xlkoxide ions to IIn produccd a 
scrics of alkoxydiaminomethanes. These materials 
mere quite stable in sealed vials in the refrigerator; 
however, on standing open to the atmosphere or on 

CIIJ 
I 

RO-CH ,N-c611s + c)) CH 
\ 

N-CsHb a 
I 

IIIa 
R CH3 
R =i i-CaH7 
R t-CdHo 

heating they were converted to the orthoformamide 
and a mixture of more volatile products which were 
not characterized. 

Surprisingly, the reaction of I1 with methyl mer- 
captide ion and excess methyl mercaptan produced 
the dimercaptoaminomethane (VI) which was 
quite stable at room temperature. A similar reac- 

CHa 
I CeHr CHaSe 

CHaSH - (CHaS)zCHN-CsHa 
\ / 

N=CH-N 
/e \ 

CH3' kH3 
BF4e VI 

tion using ethyl mercaptide ion produced a complex 
mixture of products which were not further 
characterized. 

With primary amines good yields of substituted 
formamidines (VII) and N-methylaniline are ob- 
tained. Presumably these products result from 
elimination of N-methylaniline from the initially 
formed orthoformamide. 

IIb 
CHI 
I 

R-N=CH-N-CsHs + CeHs-~H 
VI1 

When R is phenyl the formamidine is accompanied 
by a small amount of the triaminomethane (Is) 
which probably arises from addition of some of the 
initially formed N-methylaniline to IIb. A similar 
result is obtained when the sodium salt of benz- 
amide is added to IIb. In  this case the product is 
the N-benzoylformamidine (VIII). 

\ 

CH: CHI 
BF4e 
IIb 

0 ( : I 1 3  

I1 I 
c~II~-c-N=~II-s-c~I~~ 

With sodium trichloroacetate an interesting result 
is obtained. Rather than the expected trichloro- 
acetate salt of I Ib  the product is the trichloro- 
methyldiaminomethane (IX). Apparently the 
initially formed formamidinium trichloroacetate 
salt loses carbon dioxide to give the observed prod- 
uct. 

The formamidinium fluoroborate (TIb) was also 
nitrated in good yield by conventional mixed acid. 
The product was initially obtained as a mixed salt 
and was purified by recrystallization from 50% 
fluoboric acid. Surprisingly, the isolated product 
(63%) consisted entirely of the para, para' isomer, 
this being coiiclusively proved by hydrolysis to p -  

"I 
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CHa 
I 

0 

\ 
CC1, E -0Na -+ CClaCH 

CH, 
I X  

nitro-N-met,hylaniline and p-nitro-N-methylform- 
anilide and by independent synthesis from the p- 
nitrophenylorthoformamide (IC) and fluoboric acid. 
The relatively large amount of p-nitration is cer- 
t>ainly indicative of the ability of the fxmamidinium 
halide group to function effectively as an elect,ron- 
releasing substituent. As expected X is very sus- 
ceptible to hydrolysis. 

B FF 
x 

It is hydralyzed slowly on exposure to the air and 
very rapidly in aqueous methanol. When kept in a 
desiccator, however, i t  is quite stable. 

Experimental 
N,N',"i"-Triphenyl-iV,N""-trimethyItriam~omethane 

from the Sodium Salt of N-Methylaniline and Chlorodifluoro- 
methane.-In a 3-1. three-neck flask fitted with a stirrer, a 
sealed gas inlet near to the bottom, a pressure equilized drop- 
ping funnel and a Dry Ice-cooled condenser were placed 700 
ml. of 1,2-dimethoxyethane and 108 g. (2.25 moles) of a 50% 
dispersion of sodium hydride in mineral oil. A 25-g. portion 
of the AT-methylaniline was added through the dropping 
funnel and the reaction mixture heated to reflux. After a 
10-min. induction period gas evolution started and the re- 
iiiaining 215 g. of N-methylaniline (total 240 g., 2.25 niolesl 
WIA added over a 15-min. period. Reflux was continued for 
an additional 15 min. To the hot solution of the sodium salt 
of N-methylaniline thus prepared gaseous chlorodifluoro- 
methane was admitted through the gas inlet tube at  such a 
rate that reflux was maintained. After 45 min. the refluxing 
vapors became cold and gas admission was stopped. 1,2- 
Dimethoxyethane (75 cc.) was added a t  this point to make 
the slurry stirrable and reflux vas continued for 15 min. 
The precipitated solids were filtered by suction and washed 
with 200 cc. of 1,2-dimethoxyethane. The solids were slur- 
ried with 2 1. of water, heated 1 hr. on the steam bath, 
filtered, slurried with 1 1. of acetone, stirred 5 min. and fil- 
tered again. This process was repeated again and the finely 
divided crystalline product air dried to constant weight. 
The N,N',N" - triphenyl - N,N',N"- trimethyltriamino- 
methane weighed 144 g. (58%) and decomposed a t  255-262'. 
N,N',N"-TriphenyI-N,N',N''-triethyltriaminomethane .- 

In  a 3-1. three-neck flask equipped with a stirrer, a sealed gas 
inlet t o  near the bottom, a pressure equilized dropping funnrl 
and Dry Ice-cooled condenser were placed 400 ml. of 1,2- 

dimethoxyethane and 24 g. of a 50% dispersion of sodium 
hydride in mineral oil. Fifteen grams of N-ethylaniline was 
added through the dropping funnel and the reaction mix- 
ture heated to reflux. After 1 hr. of reflux gas evolution 
started and the remaining 45.6 g. of N-ethylaniline was 
added dropwise. Reflux was now continued until gas evolu- 
tion became very slow. To the hot solution of the sodium 
salt of N-ethylaniline thus prepared chlorodifluoromethane 
waa admitted through the gas inlet tube a t  such a rate that 
reflux was maintained. When the refluxing vapors became 
cold admission of gas was stopped and the reaction mixture 
cooled in ice and filtered. Volatile solvent was distilled from 
the filtrate and the remaining oil chilled overnight to crystal- 
lize 6.5 g. of product. The solids filtered from the reaction 
mixture were extracted with methylene chloride to obtain 
an additional 6.4 g. (total yield 12.9 g., 20.7%) of product. 
After recrystallization from 1,2-dimelhoxyethane the N,N' , -  
N"-triphenyl-iV,N',N"-triethyltriaminomethane melted a t  

Calcd. for C26H3lS3: C, 80.38; H ,  8.37; N, 11.25. 
Found: C, 80.13; H,  8.38; N, 11.03. 

N,N',N''-Tri-p-nitrophenyl-N ,N ',N"-trimethyltriamino- 
methane.-In a 1-1. three-neck flask, equipped with astirrer, 
a gas inlet to near the bottom, a pressure equilized dropping 
funnel and a Dry Ice-cooled condenser were placed 500 cc. of 
1,2-dimethoxyethane, 50.6 g. of p-nitrophenyl-N-methylani- 
line, and 16 g. of a 50% dispersion of sodium hydride in min- 
eral oil. After heating to reflux gaseous chlorodifluorometh- 
ane was run in through the gas inlet tube until no more exo- 
thermic reaction was observed and the refluxing vapors be- 
came cold. The reaction mixture was filtered and the solid 
thus obtained slurried with 200 ml. of water, filtered, slurried 
with 200 ml. of 1,2-dimethoxyethane, filtered, and air-dried 
to give 12.2 g. (23.5%) of N,N',N"-tri-p-nitrophenyl- 
N,N',N"-trimethyltriaminomethane which began to darken 
at  230" and decomposed a t  255-260'. A small sample was 
recrystallized from dimethylformamide. The purified sam- 
ple began to sinter a t  250' and decomposed a t  260-265'. 

Anal. Calcd. for C22H22Ne06: C, 56.64; H,  4.76; N, 
18.02. Found: C, 56.30; H,4.96; N, 17.73. 

N , N  '-Diphen yl-N-methylformamidine .-A 14.4-g . (0.3 
mole) sample of a 50% dispersion of sodium hydride in min- 
eral oil was freed of mineral oil by washing with two 150-ml. 
portions of 1,2-dimethoxyethane. To this was added 150 
ml. of 1,2-dimethoxyethane and 42.6 g. (0.3 mole) of methyl 
iodide. There was then added slowly a solution of 30 g. 
(0.15 mole) of N,N'-diphenylformamidine in 250 ml. of 1,2- 
dimethoxyethane. The reaction mixture was then heated to 
reflux and refluxing continued until 7.7 1. of hydrogen had 
been evolved as measured on a wet test meter. Water was 
added and the mixture extracted with methylene chloridr. 
The methylene chloride layer m s  dried and distilled to yicld 
26.9 g. (85.5%) of il',N'-diphenyl-N-mrthylforinamitlinc, 
b.p. 14?-150° (0.1 mm.). 

Anal. Calcd. for CI4Hl4x2: C, 79.96; II ,6 .71;  K ,  I:<.%; 
neut. equiv. 210. Found: C, 79.96; 11, 7.15; N ,  13.14; 
neut. equiv. 210. 

A7,N'-Diphenyl-N,N',-dimethylformamidium Iodide 
from N,N'-Diphenyl-N-methylformamidine.-A mixture of 
6.0 g. (0.028 mole) of N,N'-diphenyl-N-methylformamidinc, 
12.0 g. of methyl iodide, and 25 ml. of acetonitrile were 
heated under reflux for 3 hr. Another 12.0 g. of methyl 
iodide was then added and reflux continued for 16 hr. The 
solvent was distilled under reduced pressure until the product 
began to crystallize. Ice cooling followed by filtration 
yielded 7.0 g. (70%) of N,N'-diphenyl-N,N'-dimethyl- 
formamidinium iodide, m.p. 162-164'; Xmar C2H60H 245 
mp ( e  21,000), shoulder 290 mp ( B  3050). 

Anal. Calcd. for CISHliN2I: C, 51.15; H,  4.87; N, 
7.96; L36.03. Found: C, 51.13; H, 5.11; N,  7.95; I, 
35.95. 

N ,A7', N"-Triphenyl-N,N', N"-trimethyltriaminomethane 
from N,N'-Diphenyl-N,N'-dimethylformamidinium Iodide. 
-A 3.0-g. sample of B 50% dispersion of sodium hydride in 

183-186'. 
Anal. 
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And .  Calcd. for CIsH1,S2Br: C, 59.02; H, 5.62; N,  
9.18; Br, 26.18. Found: C, 59.11; H, 5.55; W, 9.09; 
Br, 26.01. 

hr,N’-Diphenyl-lL’,N’-dimethylformamidinium Bromide 
from N ,IN, ‘N ”-Triphenyl-N , N ’ ,  N”-trimethyltriaminometh- 
ane and Acetyl Bromide.-A mixture of 9.96 g. (0.03 mole) 
of N ,N’,N”-triphenyl-N,~V’,N”-trimethyltriaminome~ane, 
50 cc. of 1,2-dimethoxyethane, and 4.0 g. (0.0325 mole) of 
acetyl bromide was stirred for 6 hr. The volatile solvent 
was distilled under reduced pressure, 75 cc. of reagent grade 
acetone added, and the mixture cooled in the refrigerator 
overnight. Filtration yielded 4.4 g. (48’%) of N,N‘-di- 
phenyl-LV,N’-dimethylformamidinium bromide, m.p. 14% 
149”. The filtrate was concentrated by distillation under 
reduced pressure and the remaining oil extracted with several 
portions of isooctane. Concentration of the isooctane ex- 
tracts gave 4.4 g. (98%) of Y-methylacetanilide. 

N ,N’-Diphenyl-hr ,N I-dimethylmethylenediamine .-A 
mixture of 75 cc. of dry 1,2-dimethoxyethane, 2.3 g. (0.048 
mole) of a 50% dispersion of sodium hydride in mineral ail 
and 15 g. (0.048 mole) of AV-,N’-diphenyl-AV,AV’-dimethyl- 
formamidinium fluoborate were heated under reflux for 5 
hr. Salts weighing 5.5  g. %-ere filtered off and the filtrate 
distilled to give 7.2 g. (667;) of ,~~,.V’-diphenyl-,V,N’- 
dimethylmethylenediamine, b.p. 137-149’ (1 mm.). A 
sample recrystallized petroleum ether (b.p. 30-60”) melted 
at 33-34’ (reported6 35”). 

Benzaldi-N-methy1aniliie.-A solution of phenyltithiuni 
in et,her was prepared by the reaction of 0.15 g. of lithium 
wire and 1.57 g. (0.01 mole) of bromobenzene in 10 ml. of 
anhydrous ether. This was filtered through a small plug of 
glass wool into a separatory funnel and added to a suspen- 
sion of 3.5 g. (0.01 mole) of A7,AV’-diphenyl-N,N’-dimethyl- 
formamidinium iodide in 10 ml. of anhydrous ether. After 
stirring overnight the reaction mixture was filtered to remove 
suspended solid. The ether filtrate was added to a solution 
of 5 g. of sodium hydroxide in 35 ml. of water, layers 
separated and the aqueous layer extrackd twice more with 
water. The combined ethereal extracts were dried over 
magnesium sulfate and the ether distilled under vacuum, 
leaving 1.5 g. (717,) of crystalline benzaldi-N-methylani- 
line. After recrystallization from ethyl acetate it melted at  

Anal. Calcd. for C~lH22N2: C, 83.40; H, 7.33; N, 
9.27. Found: C, 83.17; H ,  7.37; H ,  9.40. 

A small sample of benzaldi-AV-methylaniline gave benz- 
aldehyde 2,4-dinitrophenylhydrazone, in.p. 230-234”, on 
treatment with 2,4-dinitrophenylhydrazine reagent. This 
gave no depression on admixture and melting with an 
authentic sample. 

The Reaction of ?a-Butyllithium with N,N‘-Diphenyl- 
.V,.V’-dimethylformamidinium F1uoborate.-Tn H. mixture 
of 12.5 g. (0.04 niole) i i f  ,y,,\r’-(liphcnyl-.\;,N‘-dimethyl- 
foriii:iiiiidinirtii~ firioboratr :mI 150 cr. of dry 1,2-di- 
iiivlhosyrthaiir W:IS addrtl 25 cc. nf ~~-hut~yllithium mlution 
in hcptant (O.OOl(i1.5 cquiv:ilrnt prr cc., 0.04 inole). Aftrr  
siirring fnr 0.5 hr. the, rwrtion mixture was filtered. Thr 
filtrrrtl d i d s  w r c  slurried wit,li 300 cc. of water xiid fil- 
trrrd again t o  give 4.2 g. of 4 ,N’ ,N’ ’ - t r iphe i i ) l -~~ ,~~~’ ,~~- ’ ’ -  
trinic~th?-ltrin~iiinomethane, m.p. 200-240”. The infrarcd 
spectrum of this niaterial was identical with that of an 
nuthentic sample. When the volatile solvent was removed 
from the filtrat’e there remained two layers, mineral oil and a 
resinous oil which could not be distilled. 

N , X  ’-Diphenyl4 , N ’-dimethyldiaminomethoxymethane . 
-A solution of sodium niethoxide was prepared by treating 
0.99 g. (0.043 g.-at>nm) of sodium with 6 cc. of methanol in 
30 cc. of 1,2-dimethoxyethane. An additional 50 cc. of 
1,2-dimethoxyethane was added followed by 12.5 g. of 
N,N’-diphenyl-N,N’-dimethylformamidinium fluoborate. 
After stirring 1 hr. the reaction mixture was filtered, volatile 
solvents removed by distillation and filtered again. The 

127-130”. 

-__ 
( 6 )  J. V. Braun, B e y . ,  41, 2147 (1908). 

oil was distilled to  give 6.3 g. (62%) of ,V,N’-diphenyl- 
N,.V’-dimethyldiaminoniethoxymethane, b.p. 143-145’ (0.5 
mm.), nf5n 1.5909. 

Anal. Calcd. for CL~H~OKPO:  C ,  74.96; If, 7.86; N ,  
10.93. Found: C, 74.90; H, 7.94; K,  10.80. 

K, N ’-Diphenyl-N,N ’-dimethyldiaminoisopropoxymeth- 
ane.-A solution of sodium isopropoxide in isopropyl alcohol 
was prepared by treating 0.99 g. (0.043 g.-atom) of sodium 
with 35 cc. of dry isopropyl alcohol. To this was added 
35 cc. of dry 1,2-dimethosyethane, and 12.5 g. (0.04 mole) 
of AT,N‘-diphenyl-,V,.\’-diniethylformamidinium fluoho- 
rate. After stirring 1 hr. 4.0 g. of salts was filtered off and 
the filtrate distilled to give 7.7 g. (67y0) of AV,.V’-diphenyl- 
S,,V’-dimethyldiaminoivopropoxymethane, b.p. 138-140” 
(0.25 mm.), n Z 5 ~  1.5696. 

Anal. Calcd. for CIRHL4XPO: C, 76.02; H, 8.51; S, 
9.85. Found: C, 75.60; H ,  8.60; K, 9.84. 

N ,X ‘-Diphen yl-N ,N’-dimethyldiamino-t-butoxymethane . 
-A solution of potassium t-butoxide in t-butyl alcohol was 
prepared by heating under reflux a mixture of 1.71 g. (0.044 
mole) of potassium metal and 50 cc. of dry t-butyl alcohol. 
A 12.48-g. (0.04 mole) sample of N,S’-diphenyl-N,Ar‘-di- 
methylformamidinium fluoborate was added and the 
reaction mixture stirred 2 hr. and then allowed to stand 
overnight. Filtration to remove 5.2  g. of salts and distilla- 
tion gave 6.6 g. ( 5 5 7 , )  of ,~,~V”-diphenyl-,V,~\~’dimethyl- 
diamino-t-butoxymethane, b.p. 144-146’ ( O . i  inm.), nZ5u 
1.5609. 

Anal. Calcd. for CIHHSGSBO: C, 76.47; H, 8.7s; K, 
9.39. Found: C, i6.82; H, 9.03; S ,  9.1s. 
,Y,N‘,N’‘-Triphenyl-N,IV ’,N”-trimethyltriaminomethane 

from ,~-,iV‘-Diphenyl-N’,N’-dimethyldiaminomethoxymeth- 
ane.-A 3.3-g. (0.013 niole) sample of 4,N’-diphenyl- 
.\’,.Ir’-dimet,hyldiaminomethoxymethane was sealed in a vial 
and heated on the steam bath for 30 hr. Filtration yielded 
0.6 g. (317, based on recovered starting material) of N , N ’ , -  
N”-triphen3rl-n’,N’,~~-’’-trimethvltriaminomethane, identi- 
fied by its infrared spectrum. Distillation of the filtrate 
gave 0.9 g .  of recovered .V,N’-diphenyl-N,N’-dimethyl- 
diaminomethoxymethae, b.p. 155-160’ ( 2  mm.). 
N-Phenyl-X-methylaminodithiomethylmethane.-Into a 

stirred mixture of 0.92 g. (0.04 mole) of sodium and 50 cc. 
of dry 1,2-dimethoxyethane was condensed 30-40 cc. of 
methyl mercaptan, dried by passage through 4A molecular 
sieves and Drierite. A 10-cc. portion of anhydrous meth- 
anol was added and, when all the sodium had reacted, 
12.5 g. (0.04 mole) of N,,V’-diphenyl-,V,N‘-dimethylforma- 
midinium fluoborate. After standing overnight the 
volatile solvent was distilled under vacuuni and the precipi- 
tated salts (4.4 g.) filtered ol’f and washed with a little 1,2- 
cliinethosyethane. The filtratr TV:E distilled to give 1 .!I g .  
of .\~-rnrthyIitnilinc, h.p. 40” (0.5 nim.) to 35” (0.25 mm.) 
anti 2.8 g. (30o/c) of ~V-phenyl-N-~nrthyla~niiiotlit~hiom~thyl- 
rnethsn~, h.p. 110-1 1.1” (0.25 mm.). After rccrystalliza- 
tion from isoiictane it, Ineltd at, 47-30”. 

A t i d .  (’alcd. f i x  ChnH,,S&: (1, 56,2!J; H ,  7.09; N, 
6.*57; S,  30.05. Found: C, X:~!); H,  7.13; S ,  6.54; 
S, 30.08. 

~Y,~V’-Diphenyl-N-niethylformainidine.--A n k t u r r  of 
3.72 g. (0.04 molc) of aniline, 1.92 g. (0.04 mcile) of a 505; 
dispersion of sodium hydride in mineral oil and 50 cc. of dry 
1,2-diinethoxyethane were heated under reflux for 1 hr. 
There was now added in small portions 12.5 g. (0.04 mole) 
of AV,AV’-diphenyl-N,AV’-dimethylformamidinium fluobo- 
rate. After standing overnight the reaction mixture was 
filtered and the filtered solid slurried with water and filtered 
to give 2.25 g. of A~,A~”,~V”-triphenyl-~V,~~’,~V’’-trimethyl- 
triaminomethane, m.p. 225-240’ dec. The filtrate from 
above was distilled t o  give 2.7 g. of N-methylaniline, b.p. 
30-40” (0.25 mm.) and 4.4 g. ( 5 2 5 )  of ,~:,N’-diphenpl-S- 
methylformamidine, b.p. 133-147” (0.25 mm.). The infra- 
red spectrum of this niaterial was identical to that of ma- 
t,erial prepared from 9,,V’-diphenylforniamidine and methyl 
iodide. 
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N-Phenyl-N-methyl-N'-ethylformamidine.-To a stirred 
mixture of 1.92 g. (0.04 mole) of a 507, dispersion of sodium 
hydride in mineral oil, 15 cc. of ethylamine, and 100 cc. of 
dry 1,2-dimethoxyethane was added in portions 12.5 g. 
(0.04 mole) of N,N'-diphenyl-N,N'-dimethylformamidinium 
fluoborate. An additional 5 cc. of ethylamine was 
added and the whole allowed to stand overnight. The 
reaction mixture was filtered to remove 3.7 g. of salts, the 
volatile solvent distilled under reduced pressure and an 
additional 1.2 g. of salts filtered off. Distillation gave 2.7 
g. (63%) of N-methylaniline, b.p. 40-50 (0.25 mm.) and 
2.1 g. of pure A'-phenyl-,\--methyl-N'-ethylformamidine, 
b.p. 70-72" (0.25 mm.). The yield including 5.6 g. of the 
picrate of N-phenyl-N-methyl-N'-ethylformamidine iso- 
lated from an intermediate fraction was 67%. 

Anal. Calcd. for C10H14N2: C, 74.03; H,  8.70; N, 
17.27. Found: C, 73.91; H, 8.98; N,  17.35. 

The monopicrate of N-phenyl-X-methyl-N'-ethylforma- 
midine after recrystallization from alcohol melted a t  134- 
136". 

Anal. Calcd. for CI6H1,NS0,: C, 49.10; H,  4.38; N, 
17.90. Found: C, 49.07; H,4.53; N,  17.92. 
N-Phenyl-N-methyl-N'a-butylformamidine .-To astirred 

mixture of 1.92 g. (0.04 mole) of a 50% dispersion of sodium 
hydride in mineral oil, 3.0 g. (0.04 mole) of n-butylamine 
and 100 cc. of dry 1,2-dimethoxyethane was added in por- 
tions 12.5 g. (0.04 mole) of N,N'-diphenyl-N,N'-dimethyl- 
formamidinium fluoborate. After standing overnight 
the reaction mixture was filtered to remove 4.8 g. of salts 
and distilled to give 5.5 g. (72%) of N-phenyl-N-methyl- 
N'-n-butylformamidine, b.p. 89-96' (0.25 mm.), n Z S ~  
1.5420. 

Anal. Calcd. for C12Hl~N2: C, 75.74; H ,  9.53; N, 14.73. 
Found: C, 75.62; H,  9.83; N, 14.35. 

N-Phenyl-N-methyl-N'-benzoy1formamidine.-A 4.6-g. 
(0.038 mole) sample of benzamide was dissolved in 120 cc. 
of 1,2-dimethoxyethane and 1.75 g. (0.038 mole) of a 53% 
dispersion of sodium hydride in mineral oil added. The 
mixture was heated a t  80" until hydrogen evolution ceased 
and then 12.0 g. (0.038 mole) of N,N'-diphenyl-N,N'- 
dimethylformamidinium fluoborate added. After stirring 
overnight under nitrogen the reaction mixture was filtered 
and the filtrate evaporated to dryness in a rotating evapora- 
tor to yield a tan semisolid. Crystallization from ether 
gave 4.2 g. ( 46y0) of N-phenyl-N-methyl-N'-benzoylforma- 
midine, m.p. 62-65'. The filtrate from the crystallization 
was distilled to give 3.5 g. (85%) of N-methylaniline. 

Anal. Calcd. for ClsHIJVzO: C, 75.60; H, 5.92; N, 
11.76. Found: C, 75.08; H, 5.97; N,  11.64. 

N ,  N '-Diphen yl-N , N '-dimethyldiaminotrichloromethyl- 
methane.-A mixture of 21 g. (0.067 mole) of N,N'-di- 
phenyl-N,N'-dimethylformamidinium fluoborate, 12.5 g. 
(0.067 mole) of sodium trichloroacetate, and 100 cc. of 
1,2-dimethoxyethane were stirred for 24 hr. The reaction 
mixture was filtered and the filtrate evaporated to  dryness 
under reduced pressure in a rotating evaporator. The 
material remaining wa5 extracted with warm benzene and 
the benzene solution evaporated to dryness in a rotating 

evaporator to give 17.5 g. (76%) of N,N'-diphenyl-N,N'- 
dimethyldiaminotrichoromethylmethane, m.p. 78-82'. Re- 
crystallization from petroleum ether (b.p. 30-60') gave 
15.2 g. melting a t  82-84'. 

Anal. Calcd. for Cl6Hl7N2Cl8: C, 55.91; H,499; N, 
8.15; C1, 30.95. Found: C, 55.32; H, 5.31; N, 8.14; C1, 
31.13. 

N ,N'-Di-p-Nitrophenyl-N, N '-dimethylformamidmium 
F1uoborate.-A cold mixture of 18 cc. of concentrated 
nitric acid and 30 cc. of concentrated sulfuric acid waa 
swirled in an ice bath while 18 g. (0.057 mole) of N,N'-  
diphenyl-N,N'-dimethylformamidinium fluoborate was 
added in small portions. The mixture wm allowed to warm 
t o  room temperature and to stand for 0.5 hr. It was then 
poured into 200 cc. of ice water containing a little chipped 
ice. A 200-cc. portion of methylene chloride was added 
and the mixture swirled until all the oil crystallized. It was 
then rapidly filtered, washed with methylene chloride, and 
the wet cake immediately dissolved in 43 cc. of warm 50y0 
fluoboric acid. On cooling in ice there crystallized 14.6 
g. (63%) of N,N'-di-p-nitrophenyl-N,N'-dimethylforma- 
midinium fluoborate, m.p. 155-159'. A second crystalli- 
zation from 50% fluoboric a%id gave material melting 
a t  159-162 ' . 

Anal. Calcd. for ClsHlhNa04BF~: C, 44.80; H ,  3.76; 
N, 13.93. Found: C, 44.73; H, 3.74; N, 14.07. 

Hydrolysis of N , N  '-Di-p-nitrophenyl-N,N '-dimethylform- 
amidinium F1uoborate.-A mixture of 1.0 g. (0.0024 
mole) of N,N'-di-p-nitrophenyl-N,N '-dimethylformamidi- 
nium fluoborate, 30 cc. of methylene chloride, and 10 cc. of 
water was stirred for 48 hr. a t  room temperature. The 
layers were separated and the organic layer stripped to 
dryness on a rotating evaporator and then 3 hr. longer 
under high vacuum. The remaining solid was crystallized 
from 200 cc. of carbon tetrachloride t o  give 0.35 g. (97%) of 
p-nitro-N-methylaniline, m.p. 140-150'. A second crystal- 
lization from carbon tetrachloride gave material melting 
a t  149-151'. (reported' 150-151'). The filtrate from the 
first crystallization was stripped on the rotating evaporator 
and the crude product crystallized from isopropyl alcohol to 
give 0.25 g. (580/0) of p-nitro-N-methylformanilide, m.p. 
110-115'. A third crystallization from isopropyl alcohol 
gave material melting a t  114-117' (reported8 118-120"). 

N ,N'-Di-p-nitrophenyl-N , N '-dimethylformamidinium 
Fluoborate from N ,N',N"-Tri-p-nitrophenyl-N,N ',N ",- 
Trimethyl Triamin0methane.-A 1-g. (0.0021 mole) sample 
of N,N',N" - tri - p - nitrophenyl - N,N',N" - trimethyl- 
triaminomethane was dissolved in 10 cc. of 48% fluoboric 
acid by gentle warming on the steam bath. The brown 
solution was cooled in ice for 0.5 hr., filtered, and the pre- 
cipitate washed with 10 cc. of water and rapidly dried under 
high vacuum. The yield was 0.5 g. of N,N'-di-p-nitro- 
phenyl-N, N'-dimethylf ormamidinium fluoborate, .m .p . 
145-157. After recrystallization from fluoboric acid it 
melted a t  159-161'. 

(7) E. Bamberger, Ber., 27, 379 (1894). 
(8 )  G. Morgan and W. Grist. J .  Cham. Soc., 113, 690 (1918). 


