
JULY 1961 NOTES 2575 

Treatment with ethanolic picric acid of the nonolefinic workers concluded on the basis of the isolation of 
material which collected in the first two traps gave no in- 
soluble picrate derivatives characteristic of the tertiary 
amine I11 or its A*-oxide 11. From an ethanolic wash of the 
column itself, however, the picrate derivative of the original 
amine N-oxide I1 was obtained. 

Thermal stabzlzty of 77iethylenecyclopropane. A typical sam- 
ple of olfinic pyrolysate was observed by VPC analysis to 
be unchanged in composition after standing at  room tem- 
perature for t a o  weeks. It was observed also, by VPC 
analysis, that authentic methylenecyclopropane underwent 
no change when passed through the complete pyrolysis ap- 
paratus a t  210” as was clone Jyith the amine X-oxide 11. 

THE BAKER LABORATORY O F  CHCXISTRY 
CORKELL UNIVERSITY 
ITHaCA, s. Y. 

a bromo acid lactone after bromination of their 
diacid that their crystalline diacid mas 70% cis-exo 
and 30% cis-endo (11). 

In our hands, the reaction of cyclopentadieile and 
phenylmaleic anhydride under conditions very 
similar to those reported4s5 led directly to 69% of 
pure crystalline endo-anhydride I, m.p. 69-70’. 
We first obtained the crystalline anhydride by 
sapoiiificatioii of the crude adduct to the pure acid 
I1 (66% yield, m.p. 171-173’) followed by cycli- 
zation with acetyl chloride to the pure anhydride 
(87y0 yield). Proof for the endo. configuration of 
I is given below. 
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I n  considering structures that could have anal- 
gesic activity, we were attracted to the possibility 
that compounds such as the norbornene derivatives 
I V  and V might be of interest. In addition to fulfilling 
the vie11 know1 structural requirements for analgesic 
activity,l compounds such as IV  and T’ might fit 
Beckett’s proposed “analgesic receptor site”? 
although the “cavity” between the “flat place” 
and “anionic site” would have to be rather large 
to accommodate the bulk of the norborneiie ring. 
Some advantage might be gained also by having 
functional groups fixed in space through their 
attachment to a rigid bicyclic system which would 
make any study of the relationship between con- 
formation and pharmacological activity more pre- 
cise. 

Synthesis of these structures was approached 
through the cyclopentadiene-phenylmaleic anhy- 
dride3 Diels-Alder adduct I. Anhydride I mas first 
prepared by Miller and Mann4 mho characterized 
their product by saponification to the crystalline 
dicarboxylic acid 11, which was obtained in 51.5yo 
yield. Yo sterochemical assignment was made to 
this product. Subsequently, Winternitz, Xous- 
heron, and Rouzierj reported that cyclopeiitadiene 
and phenylmaleic anhydride reacted to give a non- 
crystalline product which upon hydrolysis gave  XI^^ 
of a crystalline mixture of diacids. The E’rench 
______ 
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11. R1= R,= C02H 
n 

III. R1= C O N  J , R,= COzH 

IV. R~ = C H ~ N ~ ,  R~ = C O ~ C H ~  

v. R, = CH~”-J, R~ = C H ~ O H  

Opening the anhydride ring of I with secondary 
amines proved to be surprisingly difficult. In 267, 
aqueous dimethylamine at  65’ for many hours as 
well as in anhydrous dimethylamine in a sealed tube 
a t  60°, I was uneffected and recovered unchanged. 
The anhydride was also returned in good recovery 
after heating eighteen hours under reflux in pyrroli - 
dine. However, by dissolving three equivalents of 
sodium hydride in a large excess of pyrrolidine and 
allowing the anhydride to stir in the resulting sus- 
pension of pyrrolidine salt a t  room temperature, 
the desired amide acid was obtained in 87% yield. 
Structure I11 is most probable for this product. 
The endo-sterochemis try of the carboxyl group 
was proved by conversion to an iodolactone TI. 
This iodolactonization also proves the endo- 
configuration for anhydride function and carboxyl 
groups of I and 11. The position of the amide func- 
tion in 111 is inferred from the expected attack of 
the pyrrolidine amide anion at  the less hindered 
carbonyl group attached to the 3- position of the 
norbornene ring. Only one sharp-melting amide 
acid was obtained, indicating definite selectivity. 
Support for this assignment of the acid and amide 
functions in I11 is gained by analogy with the reac- 
tion of phenylsuccinic anhydride with ammonia and 
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amines \c l i i u h  61 V C ~  exclusively ilie succiriarnic acid 
with the pheiiyl and carboxyl group on the same 
cwbon a tom6  Since the anhydride I is opened in 
stioiig alkali i o  give tlre endo-cis diacid I1 without 
:uiy apprcciablc isoinerization to a tram-diacid, 
the eizdo-cotiiiguratioi? for the amide group in I11 

nost  likely 
?'he reduction of amide acid I11 with excess 

1:thiuru aIuniinu~ii hydride in tetrahydrofuraii led 
to ami110 alcohol ai in good yield. This basic product 
wa3 cliaixfeimd cq the fumarate. In  pharmaco- 
logical tvLs, Y showed no analgesic a ~ t i v i t y . ~  
Although in n preliminary experiment, selective 
reduction of 111 as the sodium d t  in tetrahydro- 
fuiaii with lithium alurnin~xn hydride to the 
nniino aLid f o i lowd by esterification with diazo- 
methane to tkw cmii:o csici IV appeared to proceed 
in low yic!d, i t  as not pxrsued fu the r  due to  the 
lack of analgesic atativity for compound V. 

EXPERIXENTAL~ 

I'izeri ylinaleic an/i,ydride. Phenylmaleie anhydride was pre- 
pared by the method of Miller and From 51.7 g. 
(0.294 molr) of phenylsuccinic anhydride and 105 g. (0.588 
niole) of A'-broniosuccinimide, there m-as obtained 34.2 g. 
(07%)  of the anhydride, m.p. 121--123". A s  reported by 

dt, and F i l b e ~ 7 , ~ ~  the use of a nichrome wire stirrer 
wvas found to be essential to the success of this reaction. 

exo-2-Phenyl-endo-ii-norbornene-2,3-dical.bo~~lic acid an- 
hydr ide  (I). A solution of 34 g. (0.195 mole) of phcnylmaleic 
anhydride and 2.58 g. (0.390 mole) of freshly distilled cyclo- 
iwntadiene in 150 ml. of benzene n-as stirred under nit.rogen 
at  room temperat,ure for 22 hr. and at  50" for 5 hr. The sol- 
vent yvns removed under reduced prcssure on the steam cone. 
The oily residue cryst'allizcd from cthrr-petroleum ether 
(b.p. 30-60°).The yield in three crops xas 36.2 g. (i770) of 
anhydride (I) m.p. 65-70'. 

From an et,her-petroleum cthcr recrystallization of 0.17 
g, of the anhydride (I) ,  m.p. (;9-70a, t,here \;-as obtained 
0.09 g., m.p. 0'3---70"; XI:: 5.41, 5.G1 ,u (anhydride C=O). 

8nd.  Calcd. for Ci5H1103: C, 74.99; 13, 5.03. Found: C, 
75.00; 3, 5.22. ' 

In the initial experiment, t h e  tot,al noncr)-st'alline product 
n.ns saponified by the method of Llillcr and A'Ian11~~ to give 
recrptallizcd 11, n1.p. 171-172", in e5% yield. A sample of 
the  c!i:icid Ii was cyclized to tho crystalline anhydride I, 
m.p. (23-69" by refluxing in acetyl chloride. Thereafter the 
anhydride I was crystallized directij- from the Diels-Alder 
preparations. 

exo-2-Phenyl-endn-S.-p~~rrolidinPcarbon~j~-~5-nor~~rn~ne-endo- 
2-carDozylic acid (IJI). Thirty-five milliliters of pyrrolidine 
was reacted with 3.75 g. (0.081 mole) of 53y0 sodium hydride- 
ininera1 oil. The suspension n a s  stirred for 1 hr. at room 
Icmpernliire. A total of 6.50 6. (0.0%; niolo) of anhydride I 
was added in portions. The siispension was stirred for 1 hr. 
arid allowed t o  stmid overnight a t  room temperature. The 
pyrrolidine 1va9 removed under vacuum and the residue --as 
dissolved in r a t e r ,  On acidification, a white solid precipitated 
d k < l i  did not, dissolm nhcn ether was added. The solid TVBS 
collretcc! by filtrat,ion, washed with Tvater and ether, and air- 
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hotstagc 1nfr:xrd spectra r e re  obtained in Kujol mull 
-A ith a Perkin-l?;lnier Xodel 21 Spectrometer unless other- 
n i x  n o t d  

dried. The crude solid, m.p. 150-151 ', was rccrystalliztd 
from methylene chloride--ether in three crops, all melting a t  
150-151.5', totaling 7.29 g. (87%) of amide 111. 

A recrystallizat,ion of 0.25 g. of 111, m.p. 150-151.5", 
from methylene chloride-ether, gave 0.14 g., m.p. 150.5- 
151.5'; A,,, 5.78 (carboxyl C=O), 6.24 f i  (amide (3-0). 

Anal. Calcd. for C I ~ H ~ J S O ~ :  C, 73.29; H, 6.80; N, 4.50. 
Found: C, 73.16; H, 6.83; N, 4.44. 

Iodolactoniration oj  I11 to give VI. A solution of 0.1 g. of 
I11 in 3 ml. of 0.5N sodium bicarbonate was combined with a, 
solution of 0.25 g. of iodine and 0.5 g. of potassium iodidc in 
1.5 nil. of water. Thc mixture 7vas allowed to  stand at  room 
temperature overnight. The dark gummy precipitate was 
washed with -ivater and dissolved in a misture of met,hylenc 
chloride and aqueous sodium thiosulfate. The organic laycr 
mas dried over magnesium sulfate and the solvent was rc- 
moved under vacuum. The oily product, crystallized from 
acetone-ether. One recrystallization from acetone-ether 
gave 0.03 g. of VI, m"p. 222-225'; Xmaa 5.59, 5.85 (lactone 
C=O), 6.22 (amide C-O), 6.30 p (aromatic C-C). 

Anal. Calcd. for CI,H,&OJ: C, 52.19; 11, 4.61; N, 3.20. 
I!'ound: C, 52.20; H, 4.70; K, 3.41. 

1-( endo-2-Hydrox ymelhyl-ezo-2-phen~l-6-norbornene-3- 
ylr/lelhyl)pyrrolidin,e (V). A suspension of 7.5 g. (0.198 mole) 
of lithium aluminum. hydride in 250 nil. of dry tetrahydro- 
furan was stirred at  room temperature for 2 hr. and then 
was heated to reflux and a solution of 15.09 g. (0.0485 mole) 
of I11 in 750 ml. of hot, tetrahydrofuran was rapidly added. 
The mixture was heated under reflux for 66 hr. While stir- 
ring, the mixture wa5 cooled and carefully decomposed with 
22.5 ml. of mater. After stirring for 2 hr. the inorganics were 
removed by filtration and mished with ether. Concentra- 
t,ion of the ethereal filtrate gave 12.97 g. of viscous yellow 
oil, V; X:::"3.0 (br., -OH), 6.24, and 6.67 p (aromatic). 

The hydrogen fumarate was prepared from 1.50 g. 
(0.00563 mole) of IT and 0.66 g. (0.00563 mole) of fumaric 
acid in isopropyl alcohol. The 1.51 g. of fumarate, m.p. 197- 
200" (67y'), was recrystallized from metha.no1-isopropyl 
alcohol to  givc 1.33 g., 1n.p. 203-205"; A,,,, 3.0-4,O (br., 
carboxyl --OH), 5.90 (carboxyl C=-O), 6.08 (C=C), 6.24 
(aromatic C=C), 6.32 p (carboxylate C=O). 

-4naZ. Calcd. for GtnH&l\'0 .Cnf-I,O4: C, 69.15; H, 7.32;  
S, 3.51. Found: C,:, 6930; H, 7.43; N, 3.46. 
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This note clescrihes an exploratory attempt to 
find interesting pharmacological activity within a 
series of basically substituted iiorboriienearylmetli- 
anols. 

Our investigation started m-ith thc reaction 
product of trans-benzoylacrylic acid and cyclo- 
pentadiene which was reported by Winternitz, 
Nousseron and R ouzier' to be a crystalline mixture 
containing 60% of the em-tram-isomer I1 and 40Yo 
of the endo-trans-isomer I. The French workers 
separated the mixture by a laborious process 

(1) F. Tl'internits, AI. Mousseron, and G. Itouzier, Bull. 
SOC. c h h .  France, 170 (1955). 


