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The dicodio salts of 2-phenylacetanilide and N-methyl-2-phenylacetamide, prepared by means of two molecular equiv- 
Cilcnts of sodium amide in liquid ammonia, underwent conjugate addition to  ethyl cinnamate to form the corresponding 
:imide esters. Two diastereoisomers of the former product and the erythro isomer of the latter product were isolated, and 
tl lvir  strurturc~s iyere established by independent syntheses. The disodio salt of 2-phenylacetamide underwent conjugate 
addition to ethyl cinnamate to produce euclusively the threo-2,3-diphenylglutarimide. Two possible courses of reaction 
arc suggcsted for the formation of this cyclic imide, the yield of which was increased by the use of an extra equivalent of 
sodium :imide. 

Recently? disodio phenylacetate (I) mas shown to 
iiiitlergo conjugate addition to ethyl cinnamate to 
give a mixture of the diastereoisomrrs of ester-acid 
TI. 

range. The infrared spectra of the two isomers were 
not identical. 

The more rradily isolated isomer was shown to 
have the ergthro configuration and the less easily 

pis CsH6CHCH2COOC2Hs isolated isomer the thrco configuration by independ- 
CiIH,CHC0OSa I ent synthrses from the corresponding diastereoiso- 

mers of estrr-acid I1 through the intermediate acid CsH,CIICOOH 
1 I1 chlorides. 

In the present investigation a similar study was 
made x i th  the disodio salts of %phenylacetanilide, 
A--methyl-2-phenylacetamide, and 2-phcnylacet- 
:midi.?, lvhich were prepared by means of two mo- 
lccidar equivalents of sodium amide in liquid :mi- 
inoiiia (Equation l). 

2 NaNHz hTa N a  
C6IIt,CHzCONHIZ ___f CsHsCHCOXR (1) 

liq. NHa 
111. R = CsHt 
IV. R = CH,' 
V . R = H  

;\nnlogoiis to disodio phenylacetate (I), disodio 
wlt  I11 underwent conjugate addition to ethyl cin- 
tinrnatc to give a mixture of the two diastereoiso- 
iiiers of the amide-cster VI (Equation 2). 

- 
C~H~,CHCH~COOC~HS 

C~H,CHCONHCFR, 
VI 

I (2) 

Thc  ciyfl lro and fhreo isomers of VI mere isolated 
in yields of' 35 and 4q/, respectively. Much more of 
the latter iwmier n-as evidently obtained in the im- 
pure state. Interestingly the two isomers had essen- 
tially the same melting point; however, a mixture of 
t h e  two isomers melted much lower and over a 

( 1 )  Supported by the National Science Foundatioil. 
( 2 )  11. n. hleyer and c. 11. ITaiiscr, J .  org.  CIIPm., 26, 

3lL5,1 ( l ! l G l ) ,  

Similarly, disodio salt IV  underwent conjugate 
addition to ethyl cinnamate to form, apparently, 
a mixture of the two diastereoisomers of amide- 
ester VII, although only the prythro iqomer was iso- 
lated (24yc). l'hc configiiratiori of this isomer was 
wt Rblished by indcpendrnt synthesis from the 
Prythro isomrr of estcr-acid 11. Incidently the cor- 
responding fhrco amide-ester, prepared from the 
thrpo ester-acid 11, inel ted ahout 50' higher than 
the erylhro amidr-rster. The crude conjugate 
addition product was indicated by infrared absorp- 
tion not to contain thc possible cyclic imide VIII. 

GH>+ XCHJ 

7 CE,H.,CH=CflCOOC?H5 H,Cb $w (J)  

C,H,CHCH,COOC,H, 

C'HjC'I-ICONHCHj 
I 

VI I C,H, 
VI11 

In  contrast to disodio salts 111 and IV, as well as 
I, disodio salt V underwent conjugate addition to 
ethyl cinnamate under similar conditions to  form 
exclusively (53%) threo-2,3-diphenylglutarimide 
(IX) (Equation 3), and some 2-phenylacetamide 
waq recovered. When an  extra equivalent of sodium 
amide was employed the yield of the cyclic imide 
was increased to 737,. 

'' 2 NH,Cl 

H, t,O 
IS 



Attempts to isolate amide-ester X, which would 
correspond to amide-esters VI and VI1 and to ester- 
acid 11, were unsuccessful. Thus acidification of the 
reaction mixture after only one and one-half min- 
utes produced the cyclic imide IX, and none of X 
was detected. The corresponding threo amide-acid 
XI was obtained in an earlier experiment with di- 
sodio salt V and ethyl cinnamate3 but, a t  that time, 
i t  was assumed to have arisen from the hydrolysis of 
amide-ester X. It is now shown to have arisen from 
imide IX.  

C ~ H ~ C H C H Z C O O R  

CsHsCHCOSHz 
1 

X. R = CzHs 
XI. R = H 

That the product was the cyclic imide IX and 
not X was shown by analysis and by methylation to 
form the N-methyl derivative VIII. Whereas the 
product from the conjugate addition exhibited in- 
frared absorption a t  3.12 p for the S-H group 
as in IX, its N-methyl derivative VI11 did not. 
Had the N-methyl derivative of X been obtained, it 
should still have shown infrared absorption for an 
N-H group. Moreover the melting points of the 
conjugate addition product and of its hydrolysis 
product agreed satisfactorily with those reported4 
for the cyclic imide IX and amide-acid X, respec- 
tively. These compounds were prepared by other 
methods and their configurations e s t ab l i~hed .~ ,~  

The exclusive formation of threo cyclic imide 1X 
suggests that the conjugate addition of disodio salt 
V is stereospecific to give threo dianion X“, which 
cyclizes rapidly. However, as the analogous conju- 
gate additions of disodio salts I, 111, and IV are 
nonstereospecific i t  seems more likely that the 
threo and erythro isomers of dianion X” are formed 
and the latter isomer then undergoes isomerization. 
The cyclization, as well as the isomerization, might 
be accounted for by the conversion of X” to X”a, 
as the resulting neutral ester group could then be 
attacked by the amide ion end of the molecule to 
produce the anion of IX and ethoxide ion. 

x ” X “a 

Another possible mechanism for the conversion of 
threo and erythro dianion XN to the threo anion of 
IX would involve the intermediate formation of 
monoanion X’, a low concentration of which should 
be present in equilibrium (Equation 4). The threo 
monoanion X’ should readily cyclize to form the 

(3) C. R. Hauser and hI. T. Tetenbaum, J .  Org. Chem., 

(4) S .  Averv and W. D. Maclay, J .  -4m. ChenL. Soc., 51, 
23, 1146 (1958). 

2833 (1929). 
15)  D. Lednicer and C. R,  Hauser, 1. .Im. Chem. Soc., 80, 

6364 (1858), 

X’ 

anion of threo IX. Although thc erythiu iboniw of tho 
cyclic imide appears to be <omen hat qtraiiicrl 1 x 5 -  
cause of interaction between the czs-phciiyl group$, 
it might be formed throiigh cyclization of t h r  
erythro nionoaiiioii X’ and then Iw isonicrizrd ini- 
mediately. Actually monoanion X’, prcpui~ccl from 
molecular equivalents of eryth,  o amidc-c<trr X :md 
sodium amide in liquid amnioiiia, w i b  fouiid to  bc 
converted readily to thc threo cyclic imidc IX.  ‘I’hc. 
erythro amide-ester used in this experiment w:~s ob- 
tained from the erythro ester-acid I1 through its arid 
chloride. 

The erythro amide-ester X \vas also added to two 
molecular equivalents of sodium t riphenylmcthidc 
in liquid ammonia. As the characteri-tic red cwlor of 
this reagent was dischargcd iminediatcly, ( I  ythro 
dianioii X” or dianion X”:L \\ a5 prcwiniably ail 111- 

termediate. There is a poisihlllty, hon cvci, that the 
secondary ioiiizatioii of ~ r y f h r o  monoanion X J+ a i  
dower than the cyclization; if so, the rcsultiiig imidc1 
would then have neutralixcd thc ierond eqiiv:\leiit 
of the reagent. 

I t  is of interest that dianion X” undergoes further 
reaction resulting in the formatioii of cycllc imidc 
IX,  whereas the correspondiiig dianions from thc 
conjugate additions of disodio salts I, 111, and IT’ 
do not. The main free energy derreaw in the furthei 
reaction of dianion X” is presumably the formation 
of the more weakly basic anion IX’. Apparcntly 
this result cannot be ascribcd merely to the niicleo- 
philicity of the amide end of the dianion X”, a5 
the presumably more nucleophilic N-methyl amide 
end of the corresponding dianioii from disodio 4 t  
IV does not cyrlize under similar conditionr 

H5pJ- I 

H5Cb 0 

I X ’  

EXPERIMESTAL~ 

Conjugate addition of d-phenylacetnnilide to ethyl ci,inanicilc. 
To a stirred suspension of 0.050 mole of sodium amide in :300 
ml. of commercial anhydrous liquid ammonia‘ was added 5.:3 
g. (0.025 mole) of solid 2-phenylacetanilide, m.p. 117-118” 
(lit.,8 m.p. 117-118’), prepared from phenylacetyl chloridt. 
and aniline. After stirring for 30 min., the green solution w:~e  
assumed to contain 0.025 mole of disodio salt 111. To this 

(6) Melting points were taken on a Fisher-Johns melting 
point apparatus and are uncorrected. Microanalyses were by 
Spang Microanalytical Laboratory, Ann iirbor, Mich. 
Infrared spectra were taken on a Perkin-Elmer Infracord by 
the potassium bromide method. 

(7) See C. R. Hauser, F. W. Swvamer, and J. T. Adams, 
Org. Reactions, 8, 122 (1954). 

(8) T, B. Johnson, J. A m .  Clh~m. Soc., 28, 1457 (1906). 



solution there was addrd during 3.5 inin. a solution of 4.4 g. 
(0.025 mole) of ethyl cinnamate in 15 ml. of anhydrous ether. 
After stirring for 30 min., solid ammonium chloride (3 g.) 
was added. Thc ammonia was cvnporatcd and an equal 
volume of ct1ic.r was added. The rrsiilting suspension  as 
1)oured into 50 1111. of :<.V hydrochloric acid, and sufficirnt 
benzene \vas added t o  dissolve the product. The layers were 
scparated, and the organic solution was combined with two 
cthcwal washings of the aqueous solution. After drying over 
iii:ignc!siuni sulfatr and filtrring, the solvent was distilled 
rintlc~r rduced  prcwrirci. The rrsidiial solid was crystallizrd 
froin !)j:,O ethariol to give t,hrc:e crops: ( A )  7.0 g., m.p. 155.- 
180":(H) 1.15g.,m.p. 1ti0-180°;(C) 1.10g. 

(:rystallization of ( A )  from 50 lid. of benzciie afforded 4.65 
g .  (48%)) of er~thro-4-carbcthoxy-N,2,3-triphenylbutyraniide 
( V I ) ,  111.1). 181.5-182.5". Two recrystallizations from benzene 
raised the in.p. to 182.5-183'. No depression in melting 
point was observed on admixture with an authentic sample of 
the e r y t h m  isomer prepared as described below. 

Anal. Calcd. for C2iH2sr\lT03: C, 77.49; H, 6.50; ?i, 3.62. 
T4'ound: C, 77.56; H, 6.57; K, 3.63. 

Two crvstallizations of (n)  from benzene-hexane afforded 
0.4  g. (45;) of threo-1-rarl~ethosy-.~,2,~-triphenylbutyramide 
(\ 'I),  n1.p. 182-182.5'. S o  depression in mrltilig point was 
oi)servc!d on :idmixturr with nn authentic sample of the thrro 
iwincsr prepared :is desrril~rd below. On admixtiirc with the 
( r ! j l h ~  isomer the melting point \vas drprcwrd to  155-172". 

Although furthrr purification of thrl reniaining material 
\v:is not realized, its infrared spvctrum indicatrd i t  contained 
1 ~ 1 t h  isomers. 

'I'hc infrared spectrum of the erythro isomer showed N-H 
absorptiong a t  3.05 p and carbonyl a b ~ o r p t i o n ~ ~ ~ ~  a t  5.75 and 
6.03 p whereas the threo isomer showed K-H absorption a t  
2.95 p and carbonyl absorption a t  5.80 and 5.96 p .  

Independent syntheses of erythro and threo V I .  A mixture of 
0. 94 g. (3.0 mole) of er2/thro-4-carbethosy-2,:3-tliphenylbi1ty- 
ric acid (11)2  and 0.40 g. of thionyl chloritlc in 10 ml. of hen- 
zene was heated on a steam bath for 15 min. The mixture 
\vas evaporated to dryness and redissolved in henzrne. -1ni- 
line (0.60 g.) was added, and the mixture wns heated to boil- 
ing. After cooling, ether w:is added and the suspension was 
washed successively with 5 ml. of water, two 5 ml. portions of 
1Oyo sodium bicarbonate solution, and two 5-ml. portions of 
3.V hydrochloric acid. On evaporation of the ether a white 
solid remained which was crystallized from ethanol t,o givch 
erythro VI, 1n.p. 182-183'. 

The threo isomer n-:ts prepared similarly from threo-4- 
carhethoxy-2,3-diplirnylbutyric acid ( I I ) . 2  Cryst,allization 
of the crude anilidc from benzene-hexane gave threo T?, m.p. 
17,5-178". Two rccrystallizations from hrnzenr-hexaricl 
raistd the melting point t o  181". 

Anal. Calcd. for C?,H,iS03: C, 77.19; H, ti.50; S. 3.63. 
Found: C, 77.54;  H, 6.49; S, i3.75, 

Conjirgntr urk~ition of ~\~-ir ie lh ,y / -~-phen~j~ncetni~i ide lo 
eth$ c i i ~ n a i m t c .  T o  :t stirred suspension of 0.10 mole of 
sodirini amidr. in 3 0 0  nil. of liquid :~inmonin7 \vas added 7 . 5  g. 
(0.050 inol (~)  of .V-iiic~thyl-2-phc~1~~lnrrt:llilid~~, in.p. 54-,j(jn 
(lit.," in.]). 58") prrp:ircd from ph(~nylac~etyl rhloridr and 
methy1:iniinc~. . l f t r r  stirring for 80 inin., tho grcsc'ri solution 
\vas : ix .su inrd t o  c*ont:tin 0.050 iiiol(~ of disotlio salt I V .  To 
this sohition thvrc TY:IS :td(lrd drrring 5 inin. a soliltion of 8.8 
g. (0.050 inolrb) of (thy1 cinnninate in 25 nil. of :inhydrous 
c>thr.r. A yrllo\v prwipitate forincd which slowly changed to a 
gray guni. Aftrr I5 inin., solid amnionium chlorid(. ( 6  g . )  
was addrd. Thr :ininionin \viis evaporated and an equal 
voluinc of' c thr r  n-:is added. The resulting siisprnsion was 
poiircd in to  50 ml. of 3.1- hydrochloric arid, and th? layers 
were scynratcd. Aftrr b h g  comhined with th rw  ethereal 
mshings of the a q r i c ~ ~ u s  solution, the ethereal sol~ition \vas 

(9) See L. J. Bellamy, The Injrared Spectra of Compl~z  
Molecules, 2nd ed., Wiley, Yew York, 1958, p. 203. 

(10) See ref. 9, p. 178. 
(11) H. .J. Tavrrrle, Rec. trav. chiin., 16, a.1 (1897). 

dried over Drierite, filtered, arid the solvent was distilled 
under reduced pressure. The oily residue crystallized very 
slowly from benzene-hexane to give 3.9 g. (24%) of erythro- 
.?'-methyl-4-carbethoxy-2,3-diphenylbutyramide ( Y I I ) ,  m.p. 
110-112°. Repeated crystallization from benzeiie-hexant: 
gave crystals m.p. 110-110.5°, ahich \vas not depressed on 
admixture with an authentic sample prepared as described 
below. 

Attempts to isolate additional purc material froin the fil- 
tratrs wrre unsuccessfril. 

Tnrlependent syntheses /?f o,!jlhro c i n d  t h w o  \'I[. h mixture 
of 0.94 g. (3.0 molcs) of e i~! / th~o- l -cur i~c , thos~~-~ , ;~-d iphrnyl -  
hiityric acid ( I I ) 2  and 0 . 4 0  g. of thiong-1 chloritic, in 10 1111. of 
Ixnxenc xvas heated on :t strain bath for 15 inin. The mixture 
was cooled and saturated with methylamine. After being 
n-armed to boiling, the suspension was cooled and diluted 
with ether, The ethereal suspension was washed successively 
with 5 ml. of water, two 5-ml. portions of 5Yb sodium bicar- 
bonate solution, and two 5-ml. portions of 3.V hydrochloric 
acid. After drying over Drierite, the ethereal solution was 
filtered and the solvent was distilled under reduced pressure. 
Crystallization of the residue from benzene-hrxane gave 
erythro VIT, m.p. 104-106". TITO rrrrystallizations from 
benzene-hexane raised the mrlting point to 107'.5-108°. 

ilnal. Calcd, for C2,H,,SOs: C, 73.8%; H, 7.12; N, 4.30. 
Forind: C, 7'3.81; H, 7.16; S,  1.01, 1.04, 3.96. 

.The threo isomcr \vas prcpartd similarly from threo-4- 
carl,ethosv-2,3-diphenylbiit~ric, acid ( II).z Several crystal- 
lizations of the crude matcrial from hrnzenc-hrxane gave 
threoVI, m.p. 155-1555", 

.4naI. Calcd. for C20H23Y03: C, 73.82; H, 7.12; N, 4.30. 
Found: C, 73.78; H, 7.13; S, 4.34. 

The infrared spectrum of the erythro isonier showed N-H 
absorption9 a t  2.92 p and carbonyl absorptiong*'O a t  5.78 and 
6.05 p whereas the thwo isomer showed ?;-H absorption a t  
2.97 p and carbonyl absorption a t  5 . i 8  and 6.08 p. 

Conjugate addition of 2-phrn?~lacetamide lo Pth$ cinnamate. 
(A) .  Seutralization with ui)c?noniunz chloride. To a stirred 
suspension of 0.050 mole of sodium amide in 300 ml. of liquid 
ammonia7 was added 3.4 g. (0.025 mole) of solid 2-phenyl- 
acetamide. After stirring for 1.5 niin., the green solution was 
assumed to contain 0.025 molr of disodio salt 1'. To this 
solution there was added during 5 inin. a solution of 4.4 g. 
(0.025 mole) of ethyl cinnamate in 10 nil. of anhydrous 
ether. A white precipitate formed immediately, and then 
rapidly dissolved when most of the ester solution had been 
added. iifter stirring for 30 min., solid ainnionium chloride 
(3.0 g.) was added. The ammonia was evaporated and an 
equal volume of ether was added. The resulting ethereal 
suspension was poured into 100 nil. of 3.1. hydrochloric acid, 
and ether and ethyl acet,ate were added to  dissolve the solid. 
The layers were separated and t,hc organir solution was 
comhined with two ethereal washings of t,he aqueous solu- 
tion. The organic solution was washed tnire  with 100-nil. 
portions of 10% sodium bicarbonate, sohition and dried over 
Thieritr. After filtering, the solvelit was distilled under re- 
tiiired pressure. Crystallization of tho rcssidrir from benzene 
afforded 3.6 g. (53OC) of 2 ,3-d iphen~~l~l~i ta r i i i~ ide  (IX), m.p. 
231-232' (lit,4 1n.p. 225-229'). Rcpc:itcd carwt:illization from 
ethanol raised the melting point to 232-2:3:3'. 

Anal. Calcd. for C1,HI5N02: C, 76.96; H. 5.7'0: S.  5.28. 
Found: C, 76.90; €1, 5.70; Y, 5.22. 

The infrared spectrum of this iniidv showed S-H 
absorption12 a t  3.12 p and cnrhonyl alworption'2 nt 5.83 and 
5.90 !.l. 

Concentration of the filtrates afforded 2-phtlnylacetamide 
(9Cb) m.p. 158-159", which \vas not tleprwsrd on :idmixture 
Kith an authentic sample. 

Similar results were observed when the ethereal solution 
of the ester was added during 1.5 inin. and the mixture 
immediately neutralized by pouring i t  into R solution of 
ammonium chloride in liquid ammonia. 

(12) See rrf. 9, p. 221. 
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When the condensation was carried out using 0.075 inole 
of sodium amide, 0.025 inole of 2-phenylacctamide, and 
0.0:?5 mole of ethyl cinnamate (reaction time 30 mi?.), 
imide I X  was obtained in 73% yield. 

When the disodio salt V was added to the ethyl cinnamate 
in licluid ammonia (inverse addition) and the mixture neu- 
tralizrd after 30 min. by thc addition of ammonium chloride, 
imide IX was obtained in 46y0 yield :md 26"/> of the 2- 
phenylacetamide was rrcovered. 

( € 3 )  .Yeutralization of ethereal suspcnsion with watrr. 
The condensation was performed as described above rising 
0.050 inole of disodio salt V and 0.050 niolc of ethyl cin- 
natnate. Aftttr thir ctstt'r had been addvd, tht: solutioii FV:U 

stirred for 30 min. and the ammonia was cvaporatcd as an 
equal volume of anhydrous ether vas added. The resulting 
sqiension was stirred for 30 min., and ice water m s  care- 
fully added. The layers were separated and the ethereal 
solution was washed with two portions of loyo sodium 
hvdroside solution. The combined aqueous solutions were 
cooled, acidified with 3&V hydrochloric acid, and filtered. 
Fractional crystallization from ethanol and extractions rsit,h 
5% sodium bicarbonate solution affordrd th r  following com- 
pounds: 2,3-diphenylglutarimide ( I X )  (16",,), m.p. 227-2:30"; 
2hreo-4-carboxy-2,3-diphenylhutyramide ( X I )  (27",), m.p. 
205.5-208" (lit.,4 m.p. 200-205" and3 204-205'); rinnamic 
acid ( 2 % ) ;  2-phenylacetamide ( 2 7 , ) .  

The infrared spectrum of threo XI showed carbonj.1 nb- 
s o r p t i ~ n ~ , ~ ~  a t  5.86 and 6.11 9. 

.ILT-Methyl-~,S-dipl~enyZgl,ctarinaide (VIII) .  To a stirred 
solution of 0.020 mole of potassium amide in 150 ml. of 
liquid ammonia14 was added 5.30 g. (0.020 mole) of 2,3- 
diphcnylglutarimide. The resulting gray solution was 
stirred for 3 min., and a solution of 2.8 g. (0.020 molr) of 
methyl iodide in 20 ml. of anhydrous ether was rapidly 
added. After stirring for 2 hr., solid ammonium chloride 
(1.5 g . )  was added. The ammonia was evaporated to drynrss 
and 50 ml. of 3 5  hydrochloric acid was added to the residue. 
Ether and ethyl acetate were added to  dissolve the solid, 
anti the layers were separated. After being combined with 
two ethereal washings of the aqueous solution, the organic 
solution was washed with two 50-ml. portions of 570 sodium 
bicarbonate solution followed by 50 ml. of water. After 
drying over Drierite and filtering, the solvent was distilled 
under reduced pressure. The residue was crystallized from 
ethanol t o  give imide IX ( l9%),  m.p. and mixed m.p. 
228-230". Concentration of the filtrates gave two crops of 
the S-methylimide 1711 which were recrystallized from 
ethanol to give 1.4 g. (247,) of .Y-mrthyl-2,3-diphenylglutari- 
mide (VIII) ,  m.p. 140-141.5'. Recrystallization from ethanol 
raised the melting point to 142.5-143°. 

Anal. Calcd. for CI8HliNO2: C, 77.30; H, 6.13; S, 5.01. 
Found C, 77.26; H, 6.06; K, 5.00. 

(13) See ref. 9, p. 161. 
(14) See C. R. Hauscr and T. bI. Harris, J .  Am. Chem. 

Soc., 80,6360 (1958). 

The infrared spectrum of the A'-methylimide s h o w d  car- 
bonyl absorption'z at 5.80 and 5.90 p .  

erythro-4-Carbethor?/-d,S-diphen?/lbiityramide (X).  A sohi- 
tion of 3.1 g. (0.010 mole) of erythro-4-cnrbethosy-2,:I-di- 
phenylbutyric acid (II)* and 1.2 g. of thionyl chloride in 
110 ml. of benzene was refluxed for 15 min. The soliition T ~ S  

cooled in ice and satiirated with ammonia. The rc~ilt ir ig 
suspension was pourcd into 50 nil. of xv:itcr, a r id  500 1111. of 
ethyl acetate was addrd. The layrrs wcrc srp:ir:itrtl, : i t 111  t l i c b  

organic solution was mashed sricrrssivcl>~ n-ith t,wo 30-ml. 
portions of 570 sodium hicarl)onattt sohitioil n i i t l  two 30-nil. 
portions of 3 -Y hydrochloric ncicl. Aftri. ilr.~itig ovisr I)rii,ritcb 
and filtering, the solveiit was distilliltl i i n t l ( , r  rrdiiristl pws- 
sure. The rcsidue \vas crystallizod from cliliitc rth:inol to 
give erijthro amide-ester X (1.9 g., GI?&), ni.p. 208-211.5". 
Several recrystallizat,ions from ethanol gnvc n1.p. 208-208.5'. 

Anal. Cnlcd. for C19H?1S03: C, 73.29; H, 6.80. Forind: ( ' ,  
73.27; H, 6.70. 

The infrared spectrum of eruthro X s h o ~ ~ e d  cnrhoti).I all- 
sorptiong,l0 a t  5.80 and 6.04 p.  

Acidification of the nlknlinc washings R f f o r d e d  0 .65  g. 
(217,) of starting cstcr-acid, m.p. and mi\-rd m.p. 188-189". 

Cyclization qf X. (;2) W i t h  sodium aini tk .  To a stirrc.11 PIIS-  

pension of 3.1 1 e;. (0.010 mole) of r r y t h m  amide-ostrr S in 
100 ml. of liquid ammonia was added :I stirrrd S ~ ~ S ~ I ~ I I S ~ O I I  of 
0.010 mole of sodinm amide in 150 ml. of lii1rii t l  : i i n i i i o i ~ i : i . ~  

The rcsulting grs.j solution r m s  stirred for 40 tnin., : ~ n d  tie~ii- 

tralization by the addition of solid amnioniiirn chloride (0.6 
g.). The ammonia was evnpornted and nn rqual voliini(~ of 
ether was added. The etherrnl siispension iyas pouretl into 
50 ml. of 3N hydrochloric acid, and t ~ t l i ~ . l  aretatr  (250 ni l . )  
was added. The laycrs were spparated nncl t h r  orfyiiic solii- 
tion was comhincd with two cth,-1 :tr<+:tto wshiiigs of thc, 
aqueous solution. a f t e r  drying over Driwitt: nnd filtrrinp, 
the solvent was distilled under redured prrssuro. Crystnlli- 
zation of the rcsidue from ethanol affordccl 1.4 g. (51%) of 
imide IX,  m.p. 228-229", and 220-230" on adniisture witli 
an  authentic s:rniplc of the imidr. 

Similar results w r e  obtained nhcn the xmide-ester S \vas 
addrd to  the sodium amide and the soliltion neiit r:ilizcvl 
dirrctly with ammoniiim chloridrh nftrr 30 min., or invtwrlj. 
with ammonium chloride aftcr 0.5 inin. 111 1 1 1 1 .  forrnc*r (,:isr 
the imide I X  was ohtaitied in 5 7 5  yield ani1 in the, 1 : i t t t~  
case in My, yield. 

(13) With sodium triphenillmethide. To n stirrcd s ' spcn-  
sion of 0. 012 mole of sodium amide in  300 ml. of liqiiitl 
ammonia7 x - a s  added 3.0 g. (0.012 molr) of triphrnylnic~th- 
ane. After stirring for 1 3  niin., 2.0 g. (O.OO(i4 niolcx) of 
rrljthro amide-cster X wxs adtlcd. T h e  rolor f n d d  immcdi- 
ately and n light greon prcripitnii, formed. Aftrr  stirring for  
30 min., solid ammonium rhloritli~ i 1 g . )  n x s  : i d t l t ~ l .  'I'hi> 
ammonia was cvaporatcd and an ( q i i n l  voliitnc~ nf' c ~ t l i ( ~ r  1 ~ : ) s  
added. The ethereal suspension wis prorrsscd 9 s  i t 1  i 1.). 

There was isolatrd 1.1 g. (tis?) of imide TX: m.p. : i n ( I  inisc~l 
m.p. 230-231". 
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