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ABSTRACT 

The reported synthesis of 1,2,3,4-tetraphenyldiazetidirle by treating the sodium adduct of 
N-benzylideue anilille with berlzaldehyde or benzoate ester is reexamined. I t  is shown that the 
original report is in error. The products froin the reaction are the two diastereo~neric N-benzoyl- 
N,N1,1,2-tetraphenylethylenediarnines and dd,ll-N,N1,1,2-tetraphenylethylenedianine When 
diethyl ether was used as a reaction medium, another product, N-benzoyl-N,N1-diphenyl- 
stilbene-a,al-diamine, was formed. An explanation is offered for the formation of these 
conlpounds and for the differences in reaction products caused by the two reaction inedia 
employed, diethyl ether and te trahydrofuran. 

In 1928 it was reported (1) that the treatment of the sodium addition product (I) of 
N-benzylidine aniline with either ethyl benzoate or benzaldehyde produced 1,2,3,4-tetra- 
phenyldiazetidine (11), as shown in eq. [I]. Because of the rarity of con~pounds such as (11) 

and the possibility that such a reaction rnay be a synthetic route to them, the reaction was 
reexamined. 

RESULTS 

Tetrahydrofuran was initially used as the preparative solvent and reaction medium 
because of the greater solubility of the organometallic compound in it. The addition of 
sodium to N-benzylidene aniline proceeded rapidly and smoothly to give the expected 2:2 
adduct (I) (2, 3). 

The reaction of this adduct with either benzaldehyde or esters of benzoic acid proceeded 
in a manner quite unlike that previously described. While the same con~pound was isolated 
from the two reactions, the melting point was some 30' higher than that reported. 

On the basis of its analysis and its infrared spectrum, \vhich showed a NI-I band a t  
3 380 cm-I and an ainide carbonyl band a t  1 625 an-', the compound was identified as  
N-benzoyl-N,Nf,l,2-tetraphenylethylenediainine. Synthesis of the monobenzamides froin 
the ltnoxvn diastereomeric N,Nf,1,2-tetraphenylethylenediarnines established its identity 
as the monobenzainide of the dd,ll diamine. 

In addition to this, a second amide was isolated in low yield, which, on the basis of its 
analysis, infrared spectrum (NI-I band a t  3 360 cm-I, arnide carbony1 a t  1 635 cm-I), and 
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mixed ineltiilg point, n-as shown to be the N-benzoyl derivative of meso-N,N1,1,2-tetra- 
phenylethylenediainine. The dd,ll-N,N1,l ,2-tetrapl~enylethylenediaine xvas also detected 
in the products arising from the reaction with benzaldehydc. 

Thinlting that the course of the reaction may have been influenced by the choice of 
solvent, we repeated the experiments with diethyl ether, the solvent originally employed 
(1, 2). With methyl benzoate, no change in the course of the reaction was noticed. The  
products isolated were dd,ll-N,N1,1,2-tetraphenyletl~ylenediamine and again the N-benzoyl 
derivatives of the dd,ll and ineso diamines. There \vas, however, a change in the relative 
an~ounts  of the two diastereoineric benzamides. With diethyl ether as solvent approxi- 
mately equal quantities were formed, \vhereas with tetrahydrofuran the benzamide was 
largely derived from dd,ll-N,N1,1,2-tetraphenylethylenediainine. 

Benzaldehyde generated a new compound which appeared as a yellow precipitate n-hen 
the reaction mixture was hydrolyzed wit11 water. This inaterial decoinposed a t  its melting 
point, was oxidized in boiling solvents, and lost its yellow color on treatment n-it11 acids. 
Its infrared spectrum sho\ved a NI-I band a t  3 340 cin-l and an amide carbonyl band a t  
1 645 cm-l. The  cheillical properties matched closely those described (4) for N-benzoyl- 
N,N1-diphenylstilbei~e-a,al-dian~ine. I ts  identity was established by synthesis, by com- 
parison of its infrared spectrum, and by the mixed melting point of its picrate. 

Table I suminarizes the reaction products and yields obtained. 

TABLE I 

Sulnrnary of reaction products and yields 

Products and yields 

Mole dd,ll-TPED,f N-Benzoyl-TPED,f Others, 
Reagent Solvent ratio* yo yield % yield dd,ll/meso %yield 

Methyl benzoate Tetrahydrofuran 1 3 
Methyl benzoate Diethyl ether 1 30 

Benzaldehyde l'etrahydrofuran 0 . 5  72 
Benzaldehyde 'retrahydrofuran 1 28 
Benzaldel~yde Tetrahydrofurail 2 - 
Benzaldehyde Diethyl ether 1 33 
Benzaldehyde Diethyl ether 2 32 

"Moles of reagent/molcs N-benzylidene ani!ir~e. 
tN.N'.l,>-Tetra~,henyletl~yle~~eclia~~~i~~e. 
IN-Rer~zylidene aniline. 
$N-Benzoyl-N.N'-dipl~e~~yIstilbene-a,a'-dia~nine. 

DISCUSSION 

I t  must be concluded that 1,2,3,4-tetraphenyldiazetidine is not forined in any significant 
quantity in these reactions. The question remains concerning the identity of the compound 
isolated by Schlenk and Bergnlann (1). Two pieces of evidence were offered for its identity, 
its analysis and its melting point, 133-154", \vhich differed inarliedly from that (136-139") 
of the N,N1,1,2-tetrapl~en>~lethylenedimine obtained on hydrolysis of the organosodiuin 
compound. 

At the time of the original worli the fact was not appreciated that the hydrolysis product 
is actually a mixture of the meso and dd,ll diastereomers, wllose individual inelting points 
are 167" and 133" respectively (5). I t  seems likely that  the reported compound lvas 
dd,ll-N,K1,1,2-tetraphenylethylenediainine, whose melting point and analysis agree lvith 
those reported. I ts  forinatioil lvas probably due to premature hydrolysis of the reaction 
mixture. 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

N
O

R
T

H
 T

E
X

A
S 

L
IB

R
A

R
Y

 o
n 

11
/1

0/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



SMITI-I: 1,2,3.d-TETRXPHENYLDI.AZETIDINE 6 1 

Treatment of the sodium compound in ether with benzaldehyde results in the iinnlediate 
formation of a yello\v precipitate. I-Iydrolysis of the reaction mixture a t  this point produced 
only the diastereoilleric mixture of the tetraphenyletl~ylenediamines. I t  is only after the 
reaction mixture has been allou-ed to stand a t  room temperature for several hours before 
hydrolysis that appreciable quantities of benzoylated products are detected. 

The formation of N-benzoylated derivatives with benzoate esters is to be expected. The 
interesting feature is the formation of only the n~onobenzan~ide. Possibly, after the 
formation of the inonobenzamide, further reaction occurs intrai~lolecularly to form (111), 

I-I Xa I3 C ~ I ' I ~  o CoHs 

as shown in eq. [2]. of the reaction product results in the ring opening of (111), 
thereby forming the N-benzoyl derivative. 

Differences in the ratio of the monobeilzanlides of meso- and dd,ll-N,Nf,l,2-tetra- 
phenylethylenediamine forllled in tetrahydrofuran versus those formed in diethyl ether 
are due to the difference in the ratio of the diastereomeric N,Nf-disodio-N,N',1,2-tetra- 
phenylethylenediai~~ines formed in the two solvents. I t  has been established (5b)  that the 
ratio of the diastereomeric dialnines forined by reductive dilnerization of N-benzylidene 
aniline in wet ether is approximately 1:l. By using this published melting point - com- 
position phase diagram, the dialnine mixture obtained on hydrolysis of the sodium 
compound formed in tetrahydrofuran contained approximately 10% of the ineso diamine. 

In the case of the reaction with benzaldehyde, the substituted benzamide can arise from 
two sources. The arnine anion can take part in a Cannizarro reaction, as shown in eq. [3], 

\C/ 
/ \ 

- C G H ~  
I 

I-I- 
PI 

CGH5 

:\;a+ C G I I ~  Na+ CGHS 
0 I o I CcHs-CI-I0 

[31 CoI-I ,?\r-CI-I $. CoI-IrCHO = CoHs-A-CH CoIlj 
I I I 
CI-I-K-CGIIj CH-N-C-1-1 transfer 

I 
-----S--coI3j 1-1- ----S--CGI-I j 

CaM5--CO?CM3 l 1  
-+ 

---K-CoI-1; CoHs- 3-C-CsH5 I 
I 1 I l l  

to produce the product and an allioxide ion. This anion in turn can react with benzaldehyde 
in a Cannizarro reaction to produce benzyl benzoate, which acts as a second source of the 
benzamide. 

Since the stilbene derivative arises in diethyl ether, it is a reasonable assumption that 
the ineso-disodio compound, ~vhich is formed in large amounts in diethyl ether, is its 
source. Presumably it is forilled by a hydride transfer urithin a cyclic complex (IV), as 
shown in eq. [4]. A similar hydride transfer has been noted in the reactions of lithium 
diethylanlide wit11 benzophenone (6). 
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The ability of the meso-disodio derivative to engage in this reaction is probably con- 
nected with the position of the equilibrium between the "open" mono-N-benzoyl com- 
pound (V) and the cyclic isomer (111), as shown in eq. [ 5 ] .  I t  will be noted that the dd,ll  

CGHsCI-I-CI-I-CGH: CGII;-CH-CH-CGH; 
I I I I 

CGII;-N N-CGH5 = CGHS-S N-CGH~ 
I I 

Na C-CGII~ 
I I 

\ C /  

0 NaO 
/ \ 

C G N ~  

isomer of (V) produces the trans arrangement of the two phenyl groups in (111) whereas 
the diastereomeric dl,ld isomer of (V) produces the cis arrangement. I t  would be antici- 
pated that,  in the latter case, a higher concentration of the open structure (V) would exist 
in the equilibrium because of the greater steric interaction of the phenyl groups in the 
corresponding stereoisolner of (I I I). 

An increase in the benzaldehyde concentration increases the rate of the Cannizarro 
reaction much faster than i t  increases the rate of the cyclic hydride transfer. The bellzyl 
benzoate so formed reacts with the sodium compound, producing the inonobenzamide 
before the internal hydride transfer can occur n~ithin the coinplex to produce the stilbene 
derivative. 

EXPERIMENTAL 

Melting points are uncorrected and were determined in an open capillary in a Gallenl;amp incltillg point 
apparatus. Infrared spectra were taken on a Beckmann IR9 or a Perkin-Elmer 421G. 

All operations involving the organometallic compound were performed ~inder  a positive head of purified 
nitrogen (7). N,N1,1,2-Tetraphenylethylenedia~ninc (TPED) was prepared by an alurnini~~rn amalgam 
reduction of N-benzylidene aniline in wet ether (fib). 'The diastereorners were separated by means of their 
complexes with N,N-diil1ethylfori11a111ide (5a); dd,ll-TPED had m.p. 150-153", meso-TPEl) m.p. 167-lGSo. 

The tetrahydrofuran and diethyl ether used ill the experiments were purified by refluxing them under 
nitrogen over sodium metal until the addition of benzophenone produced the permanent blue color of the 
ketyl. The  solvent was then distilled onto lithium a l~~rn in i~ im hydride and stored in this fashion. \\'hen 
needed, the solvent was rellused over the lithium aluminium hydride for 2 to 4 h and then distilled into the 
reaction vessel, a modified Schlenk tube (8).  

Preparatio?~ of tlze Ol;na?zosodi~~vz Conzpozl?~d 
The Schlenlc tube containing the freshly distilled solvent was transferred to a dry box where the N- 

benzylidene aniline and sodium metal (freshly cut) were weighed and added. 'The tube was removed froin the 
dry  box and shaken in a horizoi~tal sha1;er. The reaction began a t  once, accornpariied by the formation of all 
orange or ora~lge-red color. The completeness of reaction was determined by permitting weighed aiuo~rrlts 
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SMITH: 1.2.3,4-TETRAPIIENYLDI.4ZETIDINE 63 

of the solution to  flow into 50% aqueous ethanol. The  solution was then titrated with standardized hydro- 
chloric acid and phenolphthalein indicator. Under these conditions the T P E D  is not titrated. Table I1 
demonstrates that the reaction is quite rapid. 

Table 111 su~nmarizes the properties of the mixed diastereorneric diamines isolated frorn the hydrolysis. 

TABLE I1 

Reaction of N-benzylidene aniline with sodium 

Equivalents NaOI-I per mole 
CcI-I,CH=NCaFI 5 

Duration of 
agitation, min Tetrahydrofuran* Diethyl ethert  

*S-Benzyliclene aniline (0.01 mole) ancl tetral~ydrofuran (35 g) .  
tN-Benzylidene aniline (0.01 mole) and diethyl ether (50 g). 

TABLE 111 

N,St,l,2-Tetraphe~lylethylenedianii~ies formed on hydrolysis 

Solvent Melting point % meso* % mesot 

'Tetrahydrofuran 135-139 50 46 
Diethyl ether 144.5-140 10 6 . 6  

*From the melting point -composition clata ol Stuhmer ancl Messwarb (5b). 
+Isolated through the complex wit11 K.N-din~etl~yliormamide (6a). 

Preparaliort of ilfo?tobensa~~tidc of i~feso-N,N',1,d-lclra~~he~zyletltyle1zedia~1tine 
NIeso-N,Nt,1,2-tetraphenyleth>~lenediamine (1.09 g, 0.003 mole) mas dissolved in 15 ml of benzene and 

15 ml of pyridine. Benzoyl chloride (0.632 g, 0.0045 mole) was added and the solution refluxed for 18 h. To the 
cooled mixture, 15 1111 of benzene and 15 ml of 10yo aqueous potassiuni hydroxide was added. The aqueous 
phase mas separated, and the organic phase was mashed once with 10 ml of 10% potassium hydroxide and 
three times with 15 ml portions of water, and then dried over magnesium sulfate. Evaporation of the solution 
gave 1.332 g of solid, 111.p. 170-182 OC. ?'he material was dissolved in 30 ml of hot carbon tetrachloride, 
the solution mas filtered hot, and when the solutio11 was allo~ved to  cool 1.133 g of a voluminous white precipi- 
tate separated, 1n.p. 185-1931 "C. The infrared spectrum (Sujol mull) showed a NI-I band a t  3 360 cm-1 
and an arnide carbonyl band a t  1 635 cm-I. 

Anal. Calcd. for C33I-I?sS?O: C, 84.59; I-I, 6.02; N, 5.97. Found: C,  S4.90; 1-1, 5.92; X, 6.00. 

. . Prcpainlio?t oj il~onobc~tzan~ide of dd,Il-iV,N',1,2-Tel~aphenylelhyle~zedia1rzine 
dd,ll-~,S',1,2-'Tetraphen);letI~~~le1iecIia1ie (0.723 g, 0.002 mole) was dissolved in 25 rnl of dicthyl ether 

and 5 1111 of benzene. Benzoyl chloride (0.912 g, 0.0021 mole) was added and the solutioli was allowed to stand 
a t  rooni temperature for 40 11. A white precipitate separated. 'The mixture was evaporated to dryness and the 
residue dissolved, with heating, in 15 rnl of ethanol and 5 1111 of water. Potassi~un hydroxide (0.40 g) dissolved 
in 10 ml of ethanol and 2 1111 of water was added to the hot solution. 'I'he precipitate which formed \vas 
dissolved in 20 ml of benzene, and the organic phase was separated, washed twice with 10 ml of water, and 
dried over ~ n a g n e s i ~ ~ m  sulfate. Evaporation gave 0.882 g of a glassy residue. Treatment ~vi th  10 ml of diethyl 
ether effected crystailization. 1;iltration gave 0.349 g of derivative, 11i.p. 176.5-182 OC. Recrystallization fro111 
5 lnl of 11-butanol gave 0.336 g, m.p. 150-153 "C. The infrared spectrum (Nujol mull) showed a TI-I ba~ id  a t  
3 360 c~n-I and an amide carbonyl band a t  1 625 cm-I. 

Anal. Calcd. for C331-I?sN20: C, 84.59; H, 6.02; N, 5.97. Found: C, S4.79; 1-1, 5.97; N, 6.08. 

. .  . Reaclio~t irz Telinhyd~ofi~~a?~ with ilfilhyl Beizsoale 
The sodium adduct from 5.43 g (0.03 mole) of Y-benzylidene aniline, 75.3 g of tetrahydrofuran, and 1.4 g 

10.06 atom) of sodium was transferred to a 250 1111 flask \vhicIi was filled with dry nitrogen and which was 
equipped with a magnetic stirring bar. The solution was stil-I-ecl, and 4.06 g (0.03 mole) of freshly distilled 
methyl benzoate dissolved in 15 mI of dry tetrahydrofuran was added all a t  once. A deep ruby-red color 
developed immediately. During the nest 24 h, an orange-recl precipitate formed and the color of the solution 
became orange. Water (25 ~ n l )  was then addcd and the precipitate dissolved. 
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'The solution was transferred to :I separatory funnel with 50 nil of benzene, and the aqueous phase was 
separated. 'The organic phase was mashed three times with 25 1111 portio~ls of water, dried over magnesium 
sulfate, and evaporated, giving 6.84 g of residue. This was dissolved in 25 1111 of hot benzene and treated with 
40 1111 of petroleum ether (b.p. 30-60"). .A precipitate separated and (after 5 h) was liltered off, wt. 5.22 g, 
1n.p. 163-175". This material had an infrared spect r~i~i l  identical with that of the N-benzoyl-dd,ll-TPED. 
I-lowever, the preserlce of a small amount of the diastereomer N-benzoyl-meso-TPED was demonstrated by 
allo\vi~lg a solution of 0.6 g of the mixture in 50 mi of toluene-heptane (1:l) to  evaporate to half volume 
spontaneously a t  room temperature over a period of 1 week. The crystals which separated consisted of small 
~~eed les  i ~ ~ t e r ~ n i x e d  with relatively massive parallelopipeds. These were easily separated mechanically. The 
~ ~ e e d l e s  (0.05 g, 111.p. 178-182") had an infrared spectrum (Nujol mull) ident~cal with that of the motlo- 
benzamide of the meso-TI'ED; the parallelopipeds (0.40 g, m.p. 165-162") were silnilarly sho\vn to  be the  
monobenzamide of the dd,11 diamine. 

The filtrate from the mixed rno~~obenzamides mas evaporated a r ~ d  the r e s id~~a l  oil dissolved in 5 ml of 
methylem chloride and 25 rill of petroleu~n ether (b.p. 30-60 OC). The solution was chromatographed on 60 g 
of IVoelm, grade I ,  basic alumina, elution being carried out with petroleum ether containing increasing 
amounts of nlethylelie chloride. The first 350 1111 of petroleum ether - 10$& methylene chloride gave, on 
evaporation, 0.173 g of all amorphous solid. Crystallization from 5 inl absolute ethanol gave 0.018 g of 
3-ber~zylidene aniline, m.p. 50-54". 

'The filtrate from this gave 0.086 g of the 2,4-dinitropher1>~lhydrazi11e derivative of benzaldehyde, m.p. 
235-237 OC, 011 t r e a t m e ~ ~ t  with 2,4-dinitrophe11ylhydrazi11e reilgent. A n  additional 0.104 g of this material 
\vas eluted with the next 200 rnl of petroleum ether - 257, methylenechloride. After this, 300 ml of petroleum 
ether - 50% methylene chloride eluted 0.186 g of a solid ~vhich was recrystallized fro111 2 ml of e t l ia~~ol .  There 
was obtained 0.105 g of dd,ll-TPED, m.p. 148-15O0, mixed ~nelting point Ivith an  authentic sample 148-153". 

The next 275 ml of methylene chloride eluted 0.191 g of a solid which, on recrystallization from 3 1111 of 
etlianol, gave 0.163 g ol the monobenzamide of dd,ll-TPED, 111.p. 170-176°, mixed ~nelting point with an  
authentic sample 17P18Oo. 

'The yields obtained for the various compounds are: N-benzoyl-TPED (mixed isomers), 77%; dd,Il-TPED, 
357;; N-benzylidene aniline, 57,. 

Reactio?~ i7z Tetvallydrof~iran with Benzaldehyde (illole Ratio 1:1) 
'The sodium a d d ~ ~ c t  from 3.62 g (0.02 mole) of N-benzylidene aniline and 0.8 g (0.04 atom) of sodium in 

62.2 g of tetrahydrofuran was transferred to a 125 rill flask which was filled with dry nitrogen and which \\-as 
equipped ~vi th  a magnetic s t i r r i ~ ~ g  bar. The solution was stirred and 2.12 g (0.02 mole) of benzaldehyde was 
added all a t  once. A deep red color immediately developed. The solution was allo\ved to stand for 16 h, 
during which t i ~ n e  a dark red precipitate formed. 

II,'ater (15 ml) was added with stirring. The color of the solution changed to orange and the precipitate 
dissolved. Dietl11.1 ether (75 1111) was added, the aqueous phase mas separated, a11d the ether layer was washed 
five times \vith 20 ml portions of water. After drying over magnesium sulfate, the solutio~l \\.as filtered and 
evaporated. The  residue, a semicrystalline gummy solid, \\.as dissolved in 20 nil of benzene and added t o  
50 1111 of petroleum ether (b.p. 30-60"). The solid which separated \\,as filtered olf, washed with 1 : l  benzene - 
petroleum ether, and dried; wt. 2.564 g, 111.p. 174-180". 11 comparisoii of the infrared spectrum with that of an  
authentic sample of S-benzoyl-dd,ll-'rPED shoxved that the materials were identical. <. I he filtrate was evaporated, and the residue \\.as dissolved ill 20 n11 of ether and 10 ml of benzene, a n d  
chromatographed on GO g of Woelm, grade 1, basic alumina. Elution with 50 ml of 1 : l  petrole~im ether - 
diethyl ether and then 100 ml of diethyl ether renloved 1.02 g of dd,Ll-N,N1,1,2-tetraphenyletliylenedian~ine, 
m.p. 145-148". liecrystallization from absolute ethanol raised the melting point to 150-153'; the ~ilixed 
melting point with an  authentic sample was 151-153". The next 200 ml of ether contailling 1096 benzene 
eluted 0.161 g of N-benzoyl-meso-TPED, m.p. 180-1S6", which after recrystallizatio~l from toluene melted 
a t  186-192'; the inixed melting point with an authentic sample \\.as 186-192'. The next 200 ml of ether con- 
taining 25Yo benzene, 150 rnl of 1:l  ether-benzene, 200 ml of 1 : l  ether-benzene containing 0.57; methanol, 
and '200 ml of 1 : l  ether-benzene containing 27, metlianol yielded a total of 0.25 5 of I\'-benzoyl-dd,ll-TPED. 
The yields of these various compounds are: dd,ll-TPED, 28y0; N-benzoyl-dd,ll-TPED, 60%; S-benzoyl 
meso-TPED, 3%. 

Reacti~n in  Tetra11.ydrofira wit8 Benzaldehyde (11.Tole Ratio I:?) 
This last experiment was repeated, except that only 1.06 g (0.01 mole) benzaldehyde was added. Evapora- 

tion of the solvent after \vashi~lg gave a residue of 3.61 g. The infrared spectru~il of this material showed only 
a weak band a t  1 630 cni-I characteristic of the amide carbonyl. The rest of the spect r~~r i l  was identical with 
that of dd,ll-TPED. 

Chromatography of the crude product as described above enabled 2.61 g (727, yield) of dd,ll-TPED, m.p. 
141-153", and 0.176 g (4Y0 yield) of the monobenz;umide, n1.p. 173-184", to be isolated. 

Reactiot~ i n  Tetvahydrofllran with Be7t:aldehyde (iMole Ratio 2 : l )  
The adduct prepared from 1.81 g (0.01 mole) of S-benzylidene aniline and 0.5 g (0.02 atom) of sodiu~n in 

43.6 g of tetrahydrofuran \\-as transferred to  a 123 1111 flasli which was filled with dry nittogell. The  solution 
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was stirred and 2.12 g (0.02 mole) of benzaldehyde was rapidly added. rl red color developed a t  once and 
deepened when the solution was allo\ved to stand for 20 11. Addition of water (15 ml) caused tlie color to  
change to yellow. Diethyl ether (50 ml) was added, the aqueous layer was separated, and the organic layer 
was washed twice with 20 1111 portions of water, t\\rice \vith 20 rnl portions of lOyo sodi~un bisulfite solution, 
and txvice with 20 1111 portio~is of water. After drying over magnesi~~m sulfate, the solutio~i was filtered and 
evaporated, giving a yellow crystalline resiclue. 

'The material was dissolved in 10 1111 of benzene and added to  30 1111 of petrole11111 ether (b.p. 30-60'). 
A crystalline solid separated; \vt. 2.113 g, n1.p. 170-150". The infrared spectrum showed that this niaterial 
was K-benzoyl-dd,ll-TPED (90% yield). 'The liltrate \vas not examined further. 

Reciction i?i Diethyl Etlzer with il~elhyl Be71,soale 
'I'he sodium adduct from 3.26 g (0.02 mole) of N-benzylide~~e aniline, 0.9 g (0.04 atoni) s o d i ~ ~ m ,  a ~ ~ d  103 g 

of diethyl ether was transferred to a 250 1111 flask which was filled with dry nitrogen. The solution mas stirred 
with a magnetic stirrer and 2.72 g (0.02 mole) of methyl benzoate added all a t  once. Ari immediate orange 
color developed and, when the solution was allowed to stand overnight, a precipitate fornled. On the addition 
of 25 rnl of \\rater the color changed to yellow and the precipitate dissolved. \\!hen the s o l ~ ~ t i o ~ ~  \\,as allowed 
to stand, small needle-like crystals separated. After 24 h, the precipitate was filtered oSf, washed with ether, 
and dried. This solid amounted to 0.935 g ,  m.p. 190-I%", mixed melting point mith all a u t h e ~ ~ t i c  sample of 
N-ber~zoyl-meso-TPEI) IS!)-1'33". 

, . I he ether phase was separated from the filtrate, washed twice with 25 1111 po r t io~~s  of water, dried over 
magnesium sulfate, and evaporated. 'Tlie residue aniounted to 2.985 g and melted a t  122-152'. I ts  i~~f ra red  
spectru~n (Nujol mull) revealed the presence of the t\vo diastereomeric S-benzoyl-TI'ED's. 

rl sample of material (1.50 g) \\,as dissolved in 50 ml of ether-benzene (5: l )  and chromatographed on 60 g 
of M~oelm, grade I ,  basic a l u m i ~ ~ n .  Elution with diethyl ether gave 0.341 g (100 1111) of dd,ll-'TPED, 1n.p. 
127-134"; recrystallization from absolute ethanol raised the melting point to 147-153', no depression \\lit11 an 
authentic sample. The next 50 rnl gave 0.270 g of a m i x t ~ ~ r e  of dd,ll-TPED and N-benzoyl-meso-'rI'ED. 
These \\.ere separated by treating the rn ix t~~re  with 20 ml diethyl ether, a t  which time the N-benzo~rl 
compound crystallized, giving 0.032 g, m.p. 1SS-19l0, no depression with an authentic sa~nple.  The filtrate 
was evaporated and the residue recrystallized from 4 ml of absolute ethanol, giving 0.130 g of dd,ll-TPED, 
m.p. 14'3-153"; the mixed melting point with all authentic saniple \\,as not depressed. Tlie next 200 ml of 
ether eluted an additional 0.545 g of N-benzoyl-meso-TPE.U, 1n.p. 153-187', identified by its infrared 
spectrum. 'The next 200 ml of ether-benzene (3: l )  and 350 ml ether-benzene (1: l )  eluted 0.36'3 g of N- 
benzoyl-dd,ll-'TPED; its melting point after recrystallizatio11 from ethanol was 182-184", not depressed by all 
authentic sample. 

Correcting the isolated sarnples for the aliquot sample of cr~rde material and divicli~~g the one i ~ i i x t ~ ~ r c  iri 
the ratio of the amounts isolated gives total yields of dd,ll-'TPEI) of 1.12 g (30y0), S-benzoyl-meso-TI'ED 
2.14 g (460/b), and N-benzoyl-dd,ll-'TI'ED 0.735 g (16%). 

Reactio7t z?t Dietliyl Ether noltb Be?zealdekyde (illole Ratio 1:1) 
The s o d i ~ i ~ n  adduct from 3.62 g (0.02 mole) of S-benz) I~dene aniline, 0.9 g (0.04 atom) of s o d i ~ ~ n i ,  and 

104 g of dietliyl ether was transferred to a 250 1111 flask. The solution mas stirred with a ~nag~let ic  stlrrer and 
2.12 g (0.02 mole) of ben~aldeh)xle dissolved in 10 1111 of ether was added all a t  once. An orange color immedi- 
ately developed together with a dense yellow precipitate. The mixture \\Ins stirred for 6 h, during \vhich time 
tlie color deepened to a dark red-brown and tlie precipitate partially dissolved, cha~iging color to a dark red 
or bro\vn. \\later (25 ml) was added with stirring. 'The precipitate dissolved to give a clear yellow solution, and 
then after 3 min a ycllow solid began >eparating. After standing overnight, the m i x t ~ ~ r e  \\,as filtered, and the 
solid was mashed with ether. After drying it amounted to 0 $196 g, m.p. 212-214"."Ls infrared spcctruni 
(Nujol rn~111) showed a NI-I band a t  3 340 cm-' and an amide carbonyl a t  1 6 4 3  c111-'. Cornparis011 of the 
spectrum with that  of an authentic sample (4) of N-benzoyl-S,X'-diphenylstiIbene-ol,ol'-dia~~~ii~e showed tha t  
they were identical. Tlie compound yielded a picrate, m.p. 274-377", mixed ~nelting point with tile picrate of 
N - b e n ~ o y l - N , N 1 - d i p h e n y l s t i l b e ~ i e - o l , o  273.3-278.5°. 

The liltrate was chrolnatographed on 60 g of R'oelm, grade I, basic alumina. Elution with 300 1111 of 
petroleum ether- benzene (2:l) removed 1.207 g of dd,ll-TPED, 111.p. 140-153O. The next 200 ml of 2 : l : l  
benzene - petroleum ether - methylene chloride removed 0.561 g of the N-benzoyl derivative of meso-'TPED, 
m.p. 148-173". The N-benzoyl derivative was dissolved in 1 rnl of hot ethyl acetate, and 5 1111 of ethanol \\,as 
added. The material which cr)stallized had m.p. 180-19i0, niixed melting point with an  authentic sample 
185-195". 'The next 900 ml of petrolcum ether - metliylene chloride (1 : l )  and 400 ml of methylene chloride 
eluted 1.195 g of N-benzoyl-dd,ll-TPEI), 1n.p. 173-150'; the mixed melting point \\-it11 an authentic sample 
was undepressed. The combined yields of these materials are: dd,ll-N,N1,1,2-tetraphenyleth) lenediarnine, 
33%; X-benzoy l -N ,N1-d ipheq l s t i l bene -a ,o i i e ,  217'; S-benzoyl-N,N1,1,2-tetraplienylethyle~iedia~nine 
(mixed isomers), 38%. 

2Thzs iizaterial was degraded dzirz?zy lltc deter~tzi?zatio?z of the ?~zeliiny point. The reported rnlzie was obtained by 
insert~ng the so7izple in  a ~~zeltzng pozitt apparat~is prelzeated to 205 "C. 
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Reaction in  Diethy1 Elllev with Bensaldehyde (Mole Ratio 1 : d )  
The sodium conlpound f r o ~ n  1.81 g (0.01 mole) of N-benzylidene aniline and 0.5 g (0.02 atom) of sodium in 

61 g of diethyl ether was treated with 2.12 g (0.02 mole) of benzaldehyde. An immediate formation of a 
yellow precipitate occurred and the solution became orange. Over the next 12 h no change occurred in the 
appearance of the mixture. Water (13 rnl) was added and the precipitate dissolved, accompanied by a color 
change from orange to  yellow. A small amount of a granular white precipitate remained. This was filtered off 
(wt. 0.243 g, m.p. 168-290°), dissolved in benzene, filtered from the insoluble material, and evaporated to  
give 0.167 g of N-benzoyl-meso-TPED, m.p. 180-195'. 

The ether filtrate was evaporated to 2.32 g of a gummy residue. This was dissolved in 20 1111 of benzene and 
the solution was added to  50 in1 of diethyl ether. The s~nal l  amount of solid which separated was filtered off 
to give 0.05s g, 1n.p. 189-195'; the mixed melting point with an  authentic N-benzoyl derivative of meso- 
T P E D  was not depressed. 

A11 aliquot portion (1.35 g solids) of filtrate was then chromatographed on 65 g of Woelm, grade I ,  basic 
alumina, diethyl ether being used as  the eluting agent. The first 150 ml of eluate removed 0.666 g of gum (A). 
The next 150 ml eluted 0.217 g of the N-benzoyl derivative of meso-TPED, 1n.p. 189-192', undepressed by a n  
authentic sample. The  next 175 ml eluted 0.122 g of a mixture of the N-benzoyl derivatives of meso- and 
dd,ll-TPED. lifter this, 260 ml of 3:l ether-benzene and 150 ~ n l  of 1 : l  ether- methylene chloride eluted 
0.240 g of the N-benzoyl derivative of dd,ll-TPED, m.p. 173-177'. When i t  was recrystallized from absolute 
ethailol it had n1.p. 177-180"; the inised melting point with an  authentic sample was undepressed. No further 
material was eluted from the column. 

The infrared spectrum of gum (A) showed a NH absorption band a t  3 360 cm-I and a carbonyl band a t  
1 725 cm-I but no alnide carboilyl band a t  1 630 - 1650 cin-I. This material was treated with 10 ml of 
petroleunl ether (b.p. 30-60") and allowed to  stand. A solid separated, 0.339 g, n1.p. 139-141". When this 
solid was recrystallized froin cyclohexane it had m.p. 133-146"; the mixed melting point with authentic 
dd,ll-TPED was 144-150". The petroleum ether filtrate, on evaporation, gave a mobile yellow oil whose 
infrared spectrum was identical with tha t  of benzyl benzoate. The  total yields, after they were corrected for 
the aliquot portion chromatographed, were: dd,ll-TPED (0.583 g), 32y0; N-benzoyl-TPED (1.221 g), 52y0. 
If the fraction of inixed diastereorners obtained during chromatography is arbitrarily assunled to  be a 1 : l  
mixture of the two diastereorners, then the yield of N-benzoyl-meso-TPED is 30y0 and tha t  of N-be11zoj.l- 
dd,ll-TPED is 22y0. 
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