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The crystalline hydroxyeneamino ketones, I and 11, obtained by reaction of hydroxymethyleneacetophenone and 1- 
hydroxymethylene-l-phenyl-2-propanone, respectively, with P-methylaminoethanol, are typical vinylogous amides. They 
are reduced with lithium aluminum hydride t o  corresponding hydroxyamino ketones, I11 and IV, respectively. Spectral 
aspects of vinylogous amides, which are exceptionally clear in I and 11, are discussed and a few similar unsaturated deriva- 
tives of other ethanolamines are also described, together with their acetyl derivatives. 

Vinylogous and amidines4 are nom well 
recognized as classes of substances quite different 
from other basic ketones and their derivatives. 
The principle of altered functional chara~ter ' z~-~  
and spectral shift2t5-8 caused by a-p conjugate 
interaction between the two parts of what may be 
thought of as a a-electron-elongated functional 
group applies just as well to cyclic9-13 as to open- 
chain compounds of this general type, and extends 
logically to vinylogous urethanes, 11, l4 vinylogous 
~yanamides, '~ etc. Searly all studies of the spectra 
of vinylogous amides have been carried out upon 
S H  group-containing compounds, and recent 
n.m.r. measurements have led to the conclusion16 
that, while t,hey may in some cases exist as a mixture 
of both chelated tautomers, the eneaminocar- 
bony1 form' definitely predominates. The hydride 
reduction of vinylogous amides also has been a 
focal point of considerable i n t e r e ~ t , * , ~ ' , ~ ~ , ~ ' - ~ ~  and 
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the conclusion in this matter until recently has 
been that lithium aluminum hydride preferentially 
affects the carbonyl (enol) rather than the ene- 
amine (imino) portion of the molecule; this 
analogy with the reduction of simple amides and 
electronically uncomplicated amino ketones seems 
logical and holds good as long as one deals with 
compounds in which the carboiiyl moiety is more 
exposed geometrically and/or more reactive than 
the eneamine part (which in many instances has 
been part of a ring system, often itself resonance- 
stabilized), or \Then the eneamine group is one 
containing associated hydrogen atom(s), which 
render it capable of salt or complex formation. 
In other cases without these factors it seems likely 
that the eneamine moiety might be reduced in 
preference to the carbonyl, and in fact reduction of 
this sort has been reported recently,20 serving as an 
alternative to direct Mannich base synthesis. 
This paper presents other cases in which the 
"reverse" of the hitherto accepted course of events 
occurs. 

Recently it was found4 that crystalline, non- 
chelated, borohydride-reducible vinylogous ami- 
dines mere formed from indole-3-aldehyde with 
various P-hydroxyamines. In  attempting to ob- 
tain similar, well characterized derivatives from 
two typical P-dicarbonyl compounds, the hydroxy- 
methylene derivatives of acetophenone and phenyl- 
acetone,l4gZ1 it was found that these enols reacted 
smoothly with P-methylaminoethanol, giving nicely 
crystalline aminomethylene compounds, I and 11, 
respectively. Similar reactions with other amines 
did not proride crystalline products. Analysis 
and positive ferric chloride tests having confirmed 
these formulas, further evidence favoring structures 
I and 11, and excluding oxazolidines or other cyclic 
forms, was found in the infrared spectra, which 

(20) G deStevens and A Halamandaris, J .  O r g  Chem., 26, 1614 
(1961). 
(21) G. N. Walker, zbzd., 23, 34 (1958). Note that in this paper 

the structiire of VI11 is printed incorrectly. and should be. 
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showed strong, bonded hydroxyl bands (in the 
solid state) a t  3.05 and 3.06 p ,  respectively (shifted 
to 2.77 p and lowered in intensity in solution indi- 
cating that the bonding is intermolecular4. 2z) , 
moderately weak, sharp benzene peaks a t  6.29 
and 6.22 p ,  vinylogous amide-I peaks a t  6.10 and 
6.14 p, and intense peaks a t  6.54 and 6.41 p, 
respectively, also characteristic of substances of 
this type.2~5~7--11~14J3 The n.m.r. spectra not only 
provided additional evidence for structures I and 
I1 but also showed clearly that the trans configura- 
tion is the preferred 0ne,24 in respect to carbonyl 
and amino groups. 

The vinylogous amide bands in the infrared 
spectra of I and I1 are influenced only slightly by 
phenyl conjugations, and thus, as in other com- 
pounds of this type, there is present an electron 
delocalization strong enough to override all other, 
weaker effects,l5 even though chelating protons 
are not present. 

It would appear from these exceptionally clear 
examples that electronic shifts alone are resonsible 
for the development of amide-like spectra in vinyl- 
ogous amides (and presumably in other “vinylo- 
gous-carboxyl” derivatives as well) and that 

(22) M. Nakamichi and G. L. Webster, J. Orp. Chem., 22, 159 
(1957). 

(23) This band falls in the so-called amide11 region (see L. J. 
Bellamy, “Infrared Spectra of Complex Moleculea.” Mathuen and 
Co., Ltd., London, 1958, pp. 217-220) where normally primary and 
secondary acyclic and macrocyclic amides absorb, and, being present 
in all vinylogous amides atudied so far, irrespective of chelation or 
presence of -NH--, probably arises from “transoid” electron delocal- 
ization within the r-electron elongated, a-p conjugated “amide” 
group, a8 a unit. We believe this view, though perhaps somewhat 
oversimplified, at present is more useful than earlier ones which call 
upon various “conibined” vibrations and/or contributing effects from 
chelation. 

(24) The following pertinent data were obtained, from the n.m.r. 
spectra in CDCh solution, on vinyl protons; compound I: 7.80 
(J - 12.5) and 5.65 ( J  - 12.5); compound 11: 7.67 ( J  - 7.5). 

chelation or other effects associated with mobile 
hydrogen, if i t  is present, are of secondary impor- 
tance, This view contradicts some earlier ones 
which have been held, a t  least tentatively, concern- 
ing the importance of chelation, but, as pointed out 
previ~usly,~ is in agreement with the indisputable 
fact that wave length of C=N absorption per se 
is not affected appreciably by coordination with 
extramolecular agents.25 

Reduction of compounds I and I1 with sodium 
borohydride in methanol, as well as hydrogenation 
in the presence of palladium catalyst, resulted in 
fragmentation into neutral and basic components 
in each case. This indicates a not surprising lack 
of stability of the compounds under alkaline and 
hydrogenolytic conditions, which presumably may 
be ascribed to P-elimination in these environ- 
ments. However, reduction of I and I1 with 
lithium aluminum hydride gave compounds I11 
and IV, respectively, in good yields.2B 

The infrared spectra of the hydrochlorides of 
I11 and IV, besides showing enhanced hydroxyl 
absorption (very strong peak a t  3.03 p in each case), 
expected ‘zwitterionic” bands (3.70-3.85 p), and 
unsubstituted phenyl (6.18 and 6.21 p, respectively, 
and cu. 700 cm.-l in each case), also demonstrated 
the presence of the preserved ketone groupz7 
(5.93 and 5.80 p,  respectively), now no longer 
particularly involved, electronically, with the 
nitrogen. Furthermore, in the spectra of I11 and 
IV, both the vinylogous amide bands, aforemen- 
tioned in I and 11, were absent. 

Whereas the eneamino group of compounds I 
and 11, and of a similar tert-eneaminomethylene 
ketone,20 are reduced in preference to the carbonyl 
group, the reverse is true in a more complex 
e~arnp1e.l~ However in the latter case, lithium 
aluminum hydride reduces the carbonyl group 
only as far as the carbinol stage, and it seems 
likely that the additional tetrahydropyranoxy 
group, appended to this molecule a t  the same 
unsaturated carbon atom to which the &amino 
group is also attached, gives this group the equiva- 
lent of amide-like stability within itself, and leaves 
the C=O group with less vinylogous amide--i.e., 
more genuine ketonic-character, so rendering it sus- 
ceptible to lithium aluminum hydride attack in the 
usual sense (see equation, top of col. 1, p. 4229). 

It is now clear that vinylogous tertiary amides 
derived from j?-ketoaldehydes (hydroxymethylene 
ketones) are more susceptible to reductive attack 
a t  the aminomethylene end, than a t  the carbonyl 

(25) B. D. Sarma and J. C. Bailar, J .  Am. Chem. SOC., 77, 5476 
(1955). 

(26) Contrast the mixtures of products and low yields usually 
obtained in reduction of hydroxymethylene ketones and 8-keto 
esters with lithium aluminum hydride: A.  9. Dreiding and J. A.  
Hartman, J .  Am. Chem. SOL,  76, 939 (1953): and R. Vonderwahl 
and H. Schinz. Helo. Cham. Acta, 36 ,  2368 (1952). 

(27) Acetophenone and phenylacetone absorb at 5.95 and 5.85 c, 
respectively; see ref. 20 for a similar demonstration of return of the 
ketone group band after conversion of hydroxymethylene derivativea 
of these ketones to ethyleneacetals. 



DECEMBER, 1962 VINYLOGOUS AMIDES OF 2-METHYLAMINOETHANOL 4229 

N (CHn) Y 
LiAIHl 
___t 

/ % -‘- 
CzHS- C -CH’C 

/I 
0 

I 
OH ‘ O U  

end, of the molecule. While exact mechanistic 
considerations should be avoided in the absence of 
additional data, there is an obvious parallel here 
between the nitrogen derivatives and the parent 
hydroxymethylene ketones in which the “aldehyde” 
group is considerably more reactive than the 
“ketone” moiety, provided that additional compli- 
cating factors are not present. It may be that the 
appended hydroxy group contributes its effect to 
stopping reduction of I and I1 cleanly at the stage 
of 111 and IV simply by helping to promote forma- 
tion of noncyclic, insoluble metallic complex salts 
of these products, resulting in their precipitation- 
ie., removal from the scene where further attack 
by hydride might progress. This visualization of 
events taking place in the reaction vessel is not 
incompatible with a cyclic l14-addition of metallo- 
hydride to a cisoid form, such as has been postu- 
lated17 to occur in hydride reductions of various 
l13-dicarbonyl and -imino systems; in the reduc- 
tion of I and 11, however, temporary formation of a 
metal-enolate may come into significant play: 

I- 1 y M 3 g  
I 
c 

L 

H 
o..M.--o KiJ I - 

Compounds V and VI (a) and (b), prepared by 
reaction of the hydroxymethylene derivatives of 
a-tetralone and oxindole, respectively, with the 
appropriate amines, resemble compounds I and I1 
in having exceptionally strong, sharp infrared 
peaks a t  6.56, 6.33, and 6.35 p, respectively, as 
well as (again intermolecularly) bonded hydroxyl 
bands in V and VIa (3.06 and 2.98 p, respectively, 
in solid state, shifting wholly or in part to 2.72 p 
in solution). The intense vinylogous amide peak 
of compound V is in the usual location (6.11 p ) ,  
but those of compounds VIa (5.96 p )  and VIb 
(5.97 p )  show an upfield shift due to incorporation 
of the carbonyl in an oxindole ring. Compounds 
such as VI may be regarded as “vinylogous ureas.” 

Attempts to reduce compounds V and VI with 
lithium aluminum hydride were not successful; 

b. R =  - N 3  

V is rather unstable, and the reduction product 
even more so, and compounds VI evidently form 
very insoluble complexes with the reagent. The 
stability, crystallinity, etc., of various eneamino- 
carbonyl compounds reflects those same properties 
of their carbonyl precursors. Although methyl- 
aminoethanol and a number of other amines were 
tried, there was no success in attempts to obtain 
crystalline eneamino compounds from the hydroxy- 
methylene derivatives of phenylacetonitrile and 
methyl phenylacetate, nor could any crude (pre- 
sumed) eneaminomethylene compounds so ob- 
tained be reduced with lithium aluminum hydride 
without apparent cleavage. 

Finally, mention should be made of the spectral 
properties and certain reactions of some p-hydroxy- 
alkylaminomethyleneoxazolones (p. 4230). 

Some compounds of the type VIII, which form 
with exceptional ease, have been preparedz8 and 
their characteristic spectra noted. The anhydride- 
like, five-membered cyclic lactone carbonyl of 
VIIa (5.55 p)  or VIIb (5.59 p )  becomes involved as 
part of a vinylogous urethane in compounds VI11 
(infrared shift downfield to 5.70, 5.84, and 5.75 p, 
respectively for a, b, and c), while the conjugated 
benzimino chromophore of VIIa (6.22 and 6.34 p, 
electron-delocalized) or VIIb (5.95 p ;  C=N double 
bond fixed) invariably becomes a single peak, in VI11 
(5.99, 6.09, and 6.00 p,  respectively for a, b, and c). 
Upon treatment with acetic anhydride, compounds 
VIIIa and c are 0,N-diacetylated, and the infrared 
spectra of the products, IX, show the (5.56-5.57 p )  
lactone no longer involved electronically with an 
eneamine and so returned to its original position, 
as well as eneamine acetate (5.73-5.75 p ) ,  acetoxy 
(5.82-5.86 p)  and the benzimino (6.05-6.08 p )  bands. 
Thus, as expected, the acetates VI11 no longer have 
the characteristics of r-p electron-delocalized sys- 
tems, any more than enol ethers or acetates of 
lJ3-dicarbonyl compounds have any remaining 
acidic properties. These reactions, and the N-  
acetylation of a similar thiol to produce X which 
was also carried out, provide an additional, and 
perhaps exceptionally clear, demonstration, via 
crystalline derivatives, of the futility attending 
any effort to convert oxazoloiies such as T’III or 
similar thiols to penicillin analogs. Although this 
question of possible functional group exchanges has 

(28) See “Chemistry of Penicillin,” H. T. Clarke, J. R. Johnson, 
and Sir R. Robinson, ed., Princeton University Press, Princeton, N. J., 
1949, pp. 387-388 and 747-753. 



4230 WALKER VOL. 27 

\ ‘J --T R N H C H ~ H O H  /--7 

VI1 a. R = H  VI11 a. R = R ’ = H  IX a. R = H  
b. R=C2HS b. R=CHa; R ’ = H  b: R =phenyl 

\ c. R = H ;  R’=phenyl 

COOC3H7 
I 

long since been settled in other ways,29 it seemed 
possible, a priori, that acetic anhydride might 
provoke an oxazolidine ring closure in VI11 and 
attendant or subsequent acyl transfer from az- 
lactone-0 to the eneamine nitrogen, somewhat in 
analogy with acyl-oxazolidine ring closures dis- 
closed previ~us ly .~  The failure of oxazolidine ring 
closure here no doubt is due to the lack of possible 
eneamineeimine shift once the exocyclic N has 
become acetylated, in contrast to the earlier ex- 
a m p l e ~ ~  in which acetylation of N a t  either end of 
a p-diimino system leaves a reactive group or posi- 
tive charge on one of the end carbon atoms, ca- 
pable of interacting with the hydroxyl group. 

Experimental 
1- [N-Methyl-N-( p-hydroxyethyl)amino] -2-benzoyl- 

ethylene (1).-A4 solution of 20 g. (0.135 mole) of benzoyl- 
acetaldehyde in 100 ml. of benzene was treated with a solu- 
tion of 10 g. (0.133 mole) of 8-methylaminoethanol in 100 
ml. of benzene. The bright red, two-phase mixture which 
resulted was refluxed under a Dean-Stark trap for 1.5 hr. 
until collection of water (2.4 ml.) was complete. Subse- 
quent partial evaporation of the solution and cooling resulted 
in formation of crystals, which were collected and washed 
with benzene; the yield of light yellow product, m.p. 117- 
120”, was 24.8 g. (91%). Recrystallization from benzene 
gave a nearly coIorless sample of crystals, m.p. 118-121”. 

Anal. Calcd. for CIZHISOZX: C, 70.22; H, 7.37; N, 
6.82. Found: C,70.11; H,7.35; S,6.80. 

The infrared spectrum (Nujol) had peaks at  3.05 (mod.), 
6.10 (int., sharp), 6.29 (mod., sharp), and 6.54 p (intense). 
The spectrum in chloroform solution had bands a t  2.77 
and 3.01 p and intense peaks a t  6.10, 6.31, and 6.45-6.49 p .  
The ultraviolet spectrum (C2HbOH) showed Amax 243 and 
344 mp (log t 4.052 and 4.368, respectively). 

The compound gave a deep red-purple ferric chloride 
test. I t  was cleaved by treatment with sodium borohy- 
dride in methanol and by hydrogenation (in ethyl acetate 
solution) in the presence of palladium-charcoal. 
a-Acetyl-p-[N-methyl-N-( p-hydroxyethyl)] styrene (II).- 

A solution of 26.4 g. (0.163 mole) of l-hydroxymethylene-l- 
phenyl-2-propanone in 250 ml. of benzene was treated with 
a solution of 12.8 g. (0.171 mole) of p-methylaminoethanol, 
and the water was removed as in the preceding experiment. 
Evaporation of the benzene left a slowly solidifying, red oil. 
The crude material was recrystallized from cyclohexane- 
ethyl acetate, using just enough of the latter solvent to dis- 
solve the bulk of the yellow, oily material, and decanting the 
hot solution away from residual dark, resinous material, 
the yield of yellow crystals was 14.8 g. (41y0); m.p. 94-97”; 

FOOC3H, 

X 
raised, on further ethyl acetate recrystallization, to 101- 
102.5’. 

Anal. Calcd. for C18H1702N: C, 71.20; H, 7.82; N, 
6.39. Found: C, 71.18; H, 7.87; N, 6.40. 

The infrared spectrum (Nujol) had peaks a t  3.06 (mod.), 
6.14 (mod. int. very sharp), 6.22, and 6.41 (intense) p.  
The spectrum in chloroform solution displayed no peak ca. 
3.1 p,  had bands at  2.77, 6.10 (mod.), and 6.47 p (intense) 
and shoulders a t  6.28 6.30 p.  The ultraviolet spectrum 
( C A O H )  had A,,, 280 and 317 mp (log e 3.792 and 4.275, 
respectively). 

The compound gave a deep purple color with ferric chlo- 
ride solution. It did not yield a crystalline acetate, and 
was destroyed by refluxing with acetic anhydride, with 
sodium borohydride-methanol solution, other bases and 
acids, and by attempted reduction in the presence of 
palladium (2 molecular equivalents of hydrogen consumed, 
and picrate of 8-methylaminoethanol subsequently iso- 
lated). 

p-[N-Methyl-N-( p-hydroxyethy1)aminol propiophenone 
(III).-A stirred suspension of 14.2 g. of compound I in 
1200 ml. of dry ether was treated with 9 g. of lithium alumi- 
num hydride (in three to four portions); the mixture was 
stirred and reffuxed gently for 2 hours, cooled, and CBU- 
tiously treated with 27 ml. of water. When hydrolysis 
was complete, as indicated by conversion of the initially 
grey mixture t o  a uniform, light-colored suspension, the 
filtered solution was dried (potassium carbonate) and evapo- 
rated. The crude base (light yellow oil) did not crystallize. 
Treatment of an ether solution of the product wit,h a slight 
excess of alcoholic hydrogen chloride provided the hydro- 
chloride as 9.0 g. (53y0) of colorless crystals, m.p. 149- 
152”, raised by recrystallization (ethanol) to 151-153°. 

Anal. Calcd. for Cl2HlsO2NC1: C, 59.13; 13, 7.44; 
N, 5.75. Found: C, 58.57; H,  7.63; N, 5.86. 

The infrared spectrum (Nujol) had intense peaks 3.03 
and 5.93 p,  as well as bands in the “zwitterion” region and 
sharp phenyl absorption a t  6.22-6.25 p.  

3-Phenyl-4- [ N-methyl-N-( p-hydroxyethyl)amino] -2- 
propanone (IV).-Reduction of 17.5 g. of compound I1 with 
9 g. of lithium aluminum hydride by the same procedure as 
described in the preceding experiment gave 16.2 g. of oily, 
pale yellow, crude base, which was converted to the hydro- 
chloride: 16.2 g. (79%) of colorless crystals, m.p. 136- 
137’; raised by recrystallization from alcohol to m.p. 137- 
138”. 

Anal. Calcd. for CI3H2o02NC1: C, 60.57; H, 7.82; 
N, 5.44. Found: C, 60.66; H,  7.84; N, 5.91. 

The infrared spectrum (Nujol) had strong peaks at  3.03 
and 5.80 1, aa well as a series of dipolar bands and sharp 
phenyl peaks 6.21 and 6.25 p .  

2- [N-M ethyl-N-( p-hydroxyethyl)aminomethylene] - 1- 
tetralone (V).-A solution of 10 g. (0.0575 mole) of 2-hy- 
drosymethylene-1-tetralone and 4.7 g. (0.0626 mole) of (3- 
methylaminoethanol in 250 ml. of toluene was refluxed under 
a water-separator for 0.7 hr. Evaporation of the solvent 
gave a dark brown oil which solidified on standing overnight. 
Trituration Kith a small quantity of ethyl acetate provided 

The pure sample was colorless. 
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5.5 g. (41%) of yellow crystals. Recrystallization from 
ethyl acetate (Norit) gave a pure sample, m.p. 88-91'. 

Anal. Calcd. for CI4H1702N: C, 72.70; H, 7.41; N, 
6.06. Found: C, 72.90; H, 7.62; N, 6.04. 

The infrared spectrum (Nujol) had peaks a t  3.06, 6.11, 
6.23, and 6.56 p (ajl strong). The crystalline compound 
deteriorated very gradually into a dark resin, on standing. 
Attempted reduction of this compound with lithium alunii- 
num hydride did not afford a recognizable product. The 
pure, crystalline sample gave a strong ferric chloride test. 

3- [N-Methyl-N-( p-hydroxyethyl)aminomethylene] oxin- 
dole (VIa).--An exothermic reaction occurred when a solu- 
tion of 16.1 g. (0.10 mole) of 3-hydroxymethylene oxindolo30 
in 250 ml. of toluene was treated with 8.0 g. (0.107 mole) 
of p-methylaminoethanol. The two-phase mixture was 
refluxed under a water trap for 2.5 hr., until the water had 
been driven off and the solution was homogeneous. Evapo- 
ration of the toluene and trituration of the semicrystalline, 
residual red oil with ether-ethyl acetate provided 3.5 g. 
(16%) of yellow crystals, m.p. 150-153'. Recrystalliza- 
tion from benzene-ethyl acetate raised the m.p. to 157- 
159". 

4nul. Calcd. for C1ZHldO&: C, 66.03; H, 6.47; N, 
12.84. Found: C, 66.35; R, 6.46; N, 12.5. 

The infrared spectrum (Nujol) had a moderately strong 
peak at  2.98 p ,  weaker bands ca. 3.03-3.3 p,  and intense 
peaks 5.96 and 6.33 p ;  in chloroform solution, the hydrosyl 
absorption was shifted to 2.72 and 2.91 p, although the 
carbonyl peak was changed very little (6.02 p )  and the 6.3 p 
peak also remained. The ultraviolet spectrum (CzHbOH) 
showed Amax 274, 319-324 and 345 mp ( E  14,180, 12,240, 
and 15,220, respectively). 

3-( 1-Piperidylmethy1ene)oxindole (VIb).-Similar con- 
densation of 3-hydroxy( or ethoxy)methyleneoxindole with 
piperidine (see preceding experiment) gave a low yield of 
pale yellow crystals, m.p. 161.5-162.5' after recrystalliza- 
tion from benzene. 

i lnal.  Calcd. for C I ~ H ~ ~ O S Z :  C,  73.65; 13, 7.06; S,  
12.27. Found: C, 73.65; H, 7.09; h-, 12.43. 

The infrared spectrum (Nujol) had a weak band ca. 3.20 
p and intense peaks 5.97 and 6.35 p .  The ultraviolet spec- 
trum (CsHjOH) had Xmax 275, 319-325 and 349 mp ( €  

17,340, 12,760-13,095, and 16,950, respectively). 
Attempted lithium aluminum hydride reduction of coni- 

pounds VIa and VIb resulted in return of most of the starting 
material. 

2-Phenyl4 [N-( p-hydroxyethyl)aminomethylene] -5- 
oxazolone (VIIIa).-When a solution of 2.8 g .  of 2-phenyl- 
4-ethoxymethylene-5-o~azolone~~ in 50 ml. of benzene was 
treated with 1 g. of ethanolamine, there was formed initially 
a red, oily phase, and then very rapidly a mass of crystals. 
-4fter being collected and washed with benzene, these 
weighed 2.6 g. and had m.p. 134-136". Recrystallization 
from ethyl acetate gave pale yellow needles, m.p. 139-140". 

.4nal. Calcd. for C12HlzOJT2: C, 62.06; H, 5.21; N, 
12.06. Found: C, 62.10; H, 5.28; N, 12.12. 

Spectra.--XEip' 3.03 (bonded), 5.70 and 5.99 p;  XC""oH mzx 

937, 281-294, and 350 mp ( e  10,510, 7,250 and 32,850, 
respectively), with shoulders 248, 320, and 362 mp. 

The same compound was also formed when the enol 
acetatea2 corresponding to VI1 was used in the same re- 
action. 

2-Phenyl-4- [ N-meth yl-N-( p-hydroxyethy1)aminomethyl- 
ene]-5-oxazolone (VIIIb).-A solution of 6.9 g.  (0.0318 
mole) of 2-phenyl-4-ethoxymethylene-5-oxazolone in 60 ml. 
of benzene was treated with a solution of 2.8 g. (0.0374 
mole) of p-methylaminoethanol in 80 ml. of benzene. 
After 15 min. standing, the solution, on scratching, rapidly 
deposited crystals, which were collected and washed with 
benzene; yield 6.2 g. (797,). Recrystallization from ethyl 
:tcetatc gltvc pale yellow cryst:&, 11i.p. 142-143'. 

Anal. Calcd. for C18H1103N2: C, 63.40; H, 5.73; N,  
11.38. Found: C, 63.55; H,  5.84; N,  11.21. 

Spectra.--X;,":"' 2.94, 5.84, 6.09, 6.23-6.26, and 6.35 p ;  
X2t60H240, 286-297, 353, and 372 mp ( e  11,000, 7,020, 
35,730, and 27,560, respectively, with shoulders at 250, 
312, 322, 327, 336, 340 mp); kif, 2.76,2.94 (broad), 5.8-5.85 
(broad, intense), 6.05 (broad, very intense), and 6.20 p 
(intense). 

2-Phenyl-4- [N-(  6-hydroxy-p-phenylethy1)aminomethyl- 
ene]-5-oxazolone (VIIIc).-After mixing solutions of 2.2 g. 
of VIIb and 1.5 g. of p-hydroxy-8-phenylethylamine, each 
in ca. 70 ml. of benzene, crystals appeared within a few 
minutes and rapidly increased in quantity. After 10 min. 
they were collected, washed with benzene, and air dried; 
2.6 g. yield of very slightly discolored material. Re- 
crystallization from ethyl acetate gave colorless crystals, 
m.p. 177-179". 

Anal. Calcd. for Cl8H1603x2: C, 70.11; H,  5.23; S ,  
9.09. Found: C, 69.84; H,  5.27; N, 8.96. 

Spectra.--h::r' 3.04, 5.75, 6.00 p ;  X ~ ~ ~ 6 0 H  234, 281-290, 
and 351 mp ( E  10,920, 7,160, and 35,570, respectively), 
with shoulders 251, 269, and 370 mp. 

Compound 1Xa.-Compound VIIIa (1 g.)  and 50 ml. of 
acetic anhydride were refluxed for 1.3 hrs. Evaporation of 
the excess reagent and crystallization of the residue from, 
first cyclohexane-ethyl acetate and then cyclohexane-ben- 
zene, gave lemon-.\-ellow crystals, m.p. 108-110'. 

And .  Calcd. for ClsHleOsNz: C, 60.75; H, 5.10; S.  
8.86. Found: C, 61.09; H,5.27; S,  8.94. 

Spectra.-XI:r' 5.56, 5.74, 5.82, 6.05, and 6.25 p ;  
X2FoH 229, 237, 252, 272-276, 332, 347, and 3 6 5 m p ( ~  
8,970, 9,020, 13,270, 3,250, 31,210, 43,590, and 31,960, 
respectively). 

Compound 1Xb.-Similar acetylation of compound VIIIc, 
refluxing 0.5 hr., and crystallization from ethyl acetate, 
afforded pale yellow, small crystals, m.p. 168.5-170'. 

Anal. Calcd. for C Z ~ H Z O O ~ N ~ :  C, 67.33; H,  5.14; N ,  
7.14. Found: C, 67.64; H,  5.10; N, 6.87. 

Spectra.--X:,":"l 5.57, 5.62, 5.75, 5.86, 6.08, and 6.25 p ;  
227, 253, 333-337, 349, and367mp(a 11,480, 13,270, 

29,830, 40,180, and 31,620, respectively). 
Compound X.-(A) Condensation of VIIb with DL- 

penicillamine n-propyl ester was carried out in benzene 
solution, as in preparation of compounds VIII, except that 
the solution was boiled for 1 hr. Evaporation of the solvent 
gave a very bright red oil, which gave a strong green ferric 
chloride test; the infrared spectrum of this crude material 
had peaks at  2.96-3.05, 5.76, 6.02, and 6.24 p .  

The crude material from (A)  (1 9.)  was treated with 
50 ml. of acetic anhydride, and the red solution waa re- 
fluxed for 0.8 hr. Evaporation of the reagent gave a brown 
oil which gradually crystallized in the presence of ethyl 
acetate; trituration with this solvent gave nearly colorless 
crystals, ferric chloride test negative, and recrystallization 
afforded a sample, m.p. 169-170'. 

And .  Calcd. for CzoH,aOsX&3: C, 59.4, H,  5.98; N,  
6.93. Found: C, 59.47; H,  6.3; N, 6.67. 

Spectra.--X:;:"' 3.01, 5.58, 5.78, 6.01, and 6.11 p ;  
X2Z6OH 225, 233, 239, 263, 291-296, 347, 361, and 377 mp 
( e  7,360, 8,410, 8,810, 13,520, 2,580, 25,630, 35,630, and 
30,830, respectively). 
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Homogeneous solutions of triphenyltin- and triphenylleadlithium have been prepared from the corresponding chloride 
and lithium in tetrahydrofuran. Hexaphenylditin has been cleaved to give good yields of the tin-lithium derivative. This 
triphenyltinlithium reacted with water and carbon dioxide to give only hexaphenylditin. In  contrast to the benzoic acid 
obtained from carbonation of the triphenylleadlithium prepared from lead dichloride and phenyllithium in ether, benzoic 
acid was not formed from carbonation of the lead-lithium compound prepared from triphenyllead chloride in tetrahydro- 
furan. Refluxing a tetrahydrofuran solution of triphenyltinlithium has been found to give tetraphenyltin. 

In  order to compare the reactions and reactivity 
of the lithium derivatives of the triaryl Group IV-B 
elements (Ar,MLi, where M is Si, Ge, Sn, or Pb) 
under similar conditions,' i t  was essential that tri- 
phenyltin-2 and triphenylleadlith um be prepared 
under similar conditions in tetrahydrofuran as tri- 
phenyl~i ly l -~-~  and triphenylgermyllithi~m.~~~ It 
was also of interest to investigate the existence of an 
equilibrium system with triphenylleadlithium in 
tetrahydrofuran, a condition which has been pro- 
posed to exist with triphenylleadlithium in diethyl 
ether.6v6 

In  this case the triphenylleadlithium, prepared from 
lead (11) chloride and phenyllithium, was postu- 
lated to  be 206 and 500j06 dissociated. A similar 
dissociation was proposed for triphenyltinlithium 
(22% dissociated),6 but evidence for such an equi- 
librium could not be detected by carbonation7 and 
other experiments.8 However, tri-n-butyltinlith- 
ium was recently postulated to be di~sociated.~ 
Also, the presence of tetraphenyltin in many of the 

(1) H. Gilman, 0. L. Marrs, W. J. Trepka, and J. W. Diohl, J .  
Org. Chem., 27, 1260 (1962). 

(2) The improved method of preparation of triphenyltinlithium was 
summarized in R. K. Ingham, S. D. Rosenberg. and H. Gilman, Chem. 
Rep., 60, 459 (1960). See C. Tamborski and E. J. Soloski, J .  Am.  
Chem. Soc., 85, 3734 (1961), for an organotin-magnesium compound: 
and, particularly, C. Tamborski, F. E. Ford, W. L. Lehn. C. J. Moore, 
and E. J. Soloski, J .  Ore. Chem., 27, 61Q (1962), for their excellent re- 
lated studiea. 
(3) H. Gilman and G. D. Liohtenwalter, J .  Am. Chem. Soc., 80, 

608 (1958). 
(4) hI. V. George, D. J. Peterson, and H. Gilman, ibid., 82, 403 

(1960). 
( 5 )  H. Gilman, L. Summers, and R. W. Leeper, J .  O w .  Chem., 

17, 630 (19521, F. Glockling, K. Hooton, and D. Kingston, tbid., 
4405 (1961). 

(6) J. d'Ans, H. Zimmer, E. Endrulat, and K. KUbke, Naturmisaen- 
echajten, 39,450 (1952). 
(7) H. Gilman and S. D. Rosenberg, J. Org.  Chem.. 18, 680 (1953). 
(8) H. Gilman and S. D. Rosenberg. ibad., 18, 1554 (1953). 
(9) D. Blake, G. E. Coates, and J. M. Tate, J .  Chem. Soc., 618 

(1961). 

reactions of triphenyltinlithium, prepared from 
tin(I1)chloride and phenyl1ithium,7-l0 led us to  
repeat some of these reactions using the triphenyl- 
tinlithium prepared directly from triphenyltin 
chloride. 

Triphenyltinlithium has previously been pre- 
pared from phenyllithium and diphenyltin in an 
ether-benzene mixture, l1 from phenyllithium and 
tin(I1) chloride in ether,'O and from triphenyltin 
bromide and lithium in liquid ammonia.ll Tri- 
phenylleadlithium was obtained in good yields from 
lead (XI) chloride and phenyllithium in ether.6 
Since phenyllithium has been observed to be un- 
stable in tetrahydrofuran,12 the addition of a tet- 
rahydrofuran solution of phenyllithium to tin(I1) 
chloride or lead(I1) chloride did not appear promis- 
ing for the preparation of the tin- and lead-lithium 
derivatives, although this was not investigated. 
However, the recently reported4 preparation of tri- 
phenylsilyl- and triphenylgermyllithium from chlo- 
rotriphenylsilane and bromotriphenylgermane, r e  
spectively, in tetrahydrofuran suggested the utiliza- 
tion of triphenyltin chloride and triphenyllead 
chloride in the same solvent. Subsequently, by 
allowing tetrahydrofuran (THF) solutions of these 
halogen compounds to react with lithium a t  room 
temperature, homogeneous solutions of the lithium 
derivatives were obtained. The triphenyltin- and 
triphenylleadlithium were characterized by reac- 
tion with benzyl chloride to give the known com- 
pounds benzyltriphenyltin and benzyltriphenyl- 
lead, in yields of approximately 75%. 

(IO) H. Gilman and S. D. Rosenberg, 3. Am. Chem. SOC., 74, 531 

(11) G. Wittig, F. J. hfeyer, and G. Lange, Ann., 571, 167 (1851); 

(12) H. Gilman and B. J. Gai, J. O r g .  Chem., 23,1165 (1957). 

(1 952). 

G. Wittig, Angem. Chem., 62, 231 (1950). 


