
siil)csrti:itant was drcanted and distilled. The following 
tli:ciniiivs were prepared by this method: 

I - . l l e t h u l a n r i n o c y c l o h e ~ ~ ~ n e ? n e l h ~ ~ a ~ / ~ ~ ~ ~  e ( T’. R = CHz, R ’ = 
H ). Yield, 78%;,, b.p. 48-50“/0.07 mm., nz; 1.4813. 

.Inn/. Calcd. for CaHleS2: C, 67.55; H, 12.76; N, 19.70. 
Foiiiid: C, 67.80; H, 12 , i l ;  N, 19.45. 

l-(,enzyln,,linocycIohezanelnelhylamine (V. R = CHrCoHs; 
11’ = H).  Yivld, 6 5 5 ,  b.p. 100-110”/0.09 mm., ny 1.5392. 

. l / inl .  Chlcd. for C14H22N2: C, 77.01; H, 10.16; N, 12.83. 
I~oiind: C, 77.25; H, 10.07; N, 12.75. 

1-(2-Dielh~~lai~iinoethl/lnmino)cycloheranerr~eth~lanaine (V. 
11 = CH2CH2K(CUH,)2; R’ = H).  Yield, 53%, b.p. 87-90”/ 
O,O!) mm. 

.trial. Calcd. for C13H29N3: C, 68.66; H, 12.86; N, 18.48. 
I:oiind: C, 68.54; H, 12.70; N, 18.60. 

t-~lethylanij,to-,-carbethox~/cyclohex~nemeih~~lamine (V. 
It = CH,: 11’ = COOC2H6) hydrochloride. A solution con- 
sisting of i g. of V(R = CHI, Ii’ = H) and 25 ml. of ethyl 
r:trbonate was refluxed for 3 days. The excess reagent was 
rc,moved under reduced pressure and the residue was taken 
rip in  100 ml. of ether. Saturation of the ethereal solution 
with hydrogen chloride gave a precipitate, which was ex- 
fr:irt,Pd with ethyl acetat>e to yield, upon cooling, white 
tieedlcs. Yield, 4.4 g. (36y0), m.p. 20?-205”. 

. \ / la[ .  Calcd. for C11H28C1X202: C, 52.68; H,  9.24; N, 11.14. 
f;ntiiid: C, 52.70; H, 9.28; N, 11.30. 

l-Renzylccnino-l-carbethoxyaminonieth~lcyclohexane (V. R 
= CH2C6H5; R’ = COOC,H,) hydrochloride. The above 
procedure was applied to 9.2 g. of V (R  = CH~CSH,;  R’ = 
H) .  The product was recrystallized from ethyl acetate. 
YicM, 5.8 g. (43@$), n1.p. 174-176”. 

Found: C, 62.61; H,  8.30; K, 8.36. 
. I d .  Calcd. for C17H2,C1N?02: C, (32.46; H,8.33; N, 8.58. 
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In  view of the recent publication of Cignarella 
and ?;athansohn2 relating to the synthesis and re- 
artions of 2,5-disub~tituted pyrrolidines we wish 
to report, a t  t M p r e s e n t  time, our experiments 
conducted along similar lines. 

During studies leading to N-substituted 2,5- 
\)isc*hloromethylpyrrolidines - compounds pos- 
Pessing potent adrenolytic acitivity3-it became 
nccessary to reinvestigate the v. Braun-Seemann 
.yntheTi\4 of alkyl 2,s-pyrrolidinedicarboxylates. 
Whcn methyl cu,cu’-dibromoadipate4 and methyl- 
amine were condensed in a molar ratio of 1 : 3 and 
the reaction mixture was subjected to distillation 
through a heated three-foot Vigreux column three 

products could be isolated. These were (a) the CY- 

pected diester I (It = R’ = CH3, R” = OCHal, 
(b) a small quantity of a material which solidified 
on standing and melted at 114-115’ and (e) the 
amido ester I (R = R’ = CH3, R” = NHCHd 
which constituted the major product of the re- 
action. When ethyl a,a’-dibr~moadipate~ was em- 
ployed in place of the methyl ester, the diester I 
(R = CH,, R’ = CzH5, R” = OC2H5) was isolated 
as the primary product; in addition, the solid 
material, m.p. 114-115’, again was formed to- 
gether with some higher boiling material not ob- 
tained pure, but probably coiisisting of the amido 
ester I (R = CH3, R’ = C2H.5, R” = SHCH3). 

Elementary analysis and molecular weight de- 
termination of the solid fraction indicated it to  be 
a derivative of the novel “3-azatropane” ring sys- 
tem-ie., 3,8-dimethyl-3,8-diazabicyclo [3.2.1 lop -  
tane-2,4-dione (11. It = CH,; X = 0). This struc- 
tural assignment is in accord with the observa- 
tion that the compound is formed from either 
methyl or ethyl dibromoadipate and that it can be 
obtained in ca. 50% yield by heating the amido 
ester I (R = R’ = CH3, R” = iXHCH3) a t  180’. 
Furthermore, the infrared spectrum in the carbonyl 
absorption region exhibits two peaks (at 1727 
cm.-l and 1677 cm.-’) typical of a cyclic diacyl- 
imide linkage.5 

When I1 (R = CH3, X = 0) was subjected to 
lithium aluminum hydride reduction the dibasic 
3,8-dimethyl-3,8-diazabicyclo [3.2.1 ]octane (11. R 
= CHa, X = H2) was obtained. 

Application of the v. Braun-Seemann reaction4 
to  a mixture of ethyl a,a’-dibronioadipate and p- 
diethylaminoethylamine produced none of the ex- 
pected pyrrolidine diester; instead there could be 
isolated by careful fractionation of the reaction 
mixture the azatropane derivative I1 (R = CH2- 
CHZY (CZH5)2, X = 0) and the diamide I11 (R = 
R’ = CHZCHzX (CzH5)z). When n-butylamine 
and benzylamine were used as reactants, however, 
the major products consisted of the respective di- 
esters I (R = n - C$H9 or CiH7, R’ = CZH5, 
R” = OC2Hs) and the amido esters I (R = n- 
C4H9, R’ = C2H5, R” = NHC4HS-n) and I (R = 
CiH7, R’ = CZH5, R”  = XHCiH7). All attempts 
to  coni-ert these amido esters to the corresponding 
azatropanes failed as extensive resinification took 
place (compare also ref. 2 ) .  

These results, as well as experiments utilizing 
other  amine^,^ indicate that the v. Braun-Seemanii 
reaction-particularly when carried out in the 
absence of a solvent-may lead to reaction products 
other than the exDected Dvrrolidiiie diesters. .- 

( I  ) Present address: \\-illiam H. Rorer, Inc., Philndelphia, Whether the observed azatropanes are true re- 
action products or artifacts arising during the distil- 

( 2 )  G. Cignarella and G. G. Kathansohn, Gazz. chim. ital., 
90, 1406 (1960). 

( : 3 )  E. Schipper, IT. R. Rophmp, lf. L. Graeme, E. 
Chincry, and E. Siegmund, J .  M e d .  Pharm. Chem., in press 
(l!xil). 

( 4 )  J. v. Braun and J. Seemann, Ber., 56, 1840 (1923). 

1’3. 

(5)(a) L. J. aellamy, The Infrared Spectra of Compler 
Molecules, Wile)., New York, 1958, p. 221. (b) D. E. Ames 
and T. F. Grey, J .  Chem. Sac., 631 (1955) .  



latioil of thc pyvrolidiii~ amidoestrrs is not known 
:it this tiine 

As the formation of the azatropane moiety by 
the ~ihove methods appeared to  he distinctly limited, 
other synthetic avenues of approach were examiiied. 
Some time ago Barnes aiid Fale.s6 reported the 
preparation of the homologous 3,Y-diazabicyclo- 
[:3.3.l]nonailc~ ring system by the reaction of methyl 
wopolinatc (or isoscopolinate) and an appropriate 
: I I ~ I I ~ C .  Iicfluxilig of ethyl l-beiiz\.l-2,5-pyrrolidinc- 
dir:irhoxylatr with an exreys of benzylaniinc pro- 
duced a mixture of solids (probably polynieric in 
nature) which could not be separated by any con- 
veiitional techniques including column chroma- 
tography. When this reaction was applied to ethyl 
l-mtthyl-2,5-pyrrolidinedicarboxylate there was 
obtained, in addition to a poorly melting solid, 
the amido cstcr I (R = CH?, R’ = CzH5, R”  = 
?;HCiH7) ~ a c~ompound which resisted all attempts 
a t  cyc*lizntioii to  the desired azatropanc derivative. 
When the above condensation was conducted in 
the presence of 95y0 ethanol the amido ester as 
T\ ell ab a small quantity of a water solublr material 
was isolated which possibly was identical with 
Willstatter aiid Lessing’s’ l-methyl-2,5-pyrrolidinc- 
dicarboxylic acid. Significantly, this material 
could not be converted to an arihydridt by treat- 
ment with acetic anhydride. 

Furthermore, when methyl 2,3-pyrrolidiiiedi- 
carboxylate I (It = H, R’ = CHa, R” = OCH,)-- 
obtained by catalytic debeiizylation of the cor- 
responding I-benzyl derivative--was subjected to  
the action of benzylamine, the diamide I11 (R = 
H, R’ = SHCrH,) proved t u  bc the major reaction 
product; prolonged heating of’ the diamide caused 
extensire polymerizatiou to :t fibrous matcwal. 

In  a further sc:irch for altevimtc p:tthn :I\.\ lead- 
ing to the azatr‘op:me tern the rc:lrtioii hrtwerii 
amin+ and the rc:tdily : i r ( ’ ~ w b l c  2,5-hwhloro- 
methylpyrr~lidinc.~ 11 as cwmiircd Iii the two 
cases btudicd the m:i1or re:ic?iou product:, ( * m i -  

sisted of the respwtiyc L>,3-},iuiiiiiiioniethvl dcrira- 
tii-rs I\’ (It = CH,,  R ’  = n-C.,€Is, Itf’ = SHC4- 
I3g-n) :t11d IT ( I t  = C;Hi, It’ = CH?CE€,S(Cz- 
H5)2, R” = SHCHZCHr?; (CZH,),) I’i~~ally, th(. 

R’ OC fiT COOR’ 
R 

x 
I 
R 
I1 

I 

m CHJVHR’ 
R‘HNOC 9 C O N E i R ‘  R”CH, R I 

R 
111 1V 

(6)  R. A. Barnev and H. M. Fales. J. Am. Chem. Soc.. 75. 

possibility of the intrnmolecular cycliziitioii of :I I I  

aminomethylchloroinethylpyrrolidirie was explorrt l 
Lithium aluminum hydride reduction of the amido 
ester I (R = R’ = CHj, R” = KHCHn) resulted i i i  

the aniiiio alcohol I\‘ (R = 11’ = CI&, Itf’ = 011) 
which in turii was roiirwted to the chloro dcri\:i- 
tive IT’ (K = It’ = C&, It” = Cl). Seutraliza- 
tion of the hydrochloride of this material led t o  
rcplaccmeiit of the halogen by a hydroxy group, 
reverting the chloro compound to  the amiiio alcohol 
from which it had been dcril-cd. 

E X P E R I M E N T A I , ~ ~ ~ ~  

C‘ondensutions between alkyl a,a’-diliroit/oatlipule.s und 
amines. General procedwe.  In accordance with thr  dirrctions 
of v. Braun and Seemann‘ 1 mole of an alkyl a,a’-dit)romo- 
adipate was added in portions to  a st,irrcd solution of :3 niolw 
of amine. The react,ion teinp(>ratiire \vas krpt 1)ctIon- 60” t ) ~ .  
external cooling. In  reactions involving methyl:rniinr~ or t i -  

butylamine, 1.5 l. of benzenc, was used :is solvent. Aftvr 
c o n ~ p l e t ~ d  addition the rr%nctiori niisture WYBS stirred a t  rooni 
trmperaturc for 24 hr. nnd on a steam bath for 3 hr. Thv 
s~ispension \vas filtered and the precipitat,e and filtrat,e w’rc 
worked up separately. The precipitate was susprndrd in 200 
nil. of 3N hydrochloric acid, the insoluble portion was filtered 
off and discarded. The filtritt,e was combined lvith the solii- 
tion o b t a i n d  by acidification of the f i h a t e  from the origind 
rr:tction niisturcs (lvhrn a reaction solvent \vas used i t  wns  
stripped off prior to acidificittion). The cornbinrd solutions. 
\wre \\-ashcd with cthcr and nr~utralizetl with lo%& potnssiuni 
hydros;dtl. The resulting oil ~ t s  extrctct,ed n.ith srvtml 
portions of ether, t,he extracts were dried and fractionated 
through a heated 3-ft. Vigrrus column. The following COIII- 

pounds were isolated: 
From niethyl cu,a’-dil)rornoadipate and inethylanline: 

. l~eth~/-1- i i~ethyl-d, ,5-p~riol idinedicurhos~/ iute  (I. It = 
I t ’  = CH,, R” = 0CHR)4, b.p. 132-135°/1:3 mm., solidifying 
and melting aftc.r a recrystallization from pctntant~ at 34-3fio. 
l-irld, 1776. 

. ~ , R - l ~ i i r z e t h ~ / l - 9 , 8 - ~ / i ~ ~ ~ ~ i ~ ~ c . ! / t ~ ~ o [ , 3 . d . 1 ] o c l a n e - 2 , ~ - 1 ~ z o f ~ ~  (11. 
I t  = CH.,, S = 0), 11.1). 145-t50°/13 mm., solidifying :tnd 
iiicblting :iftrr :I rc’c.ryPt:rllin:ition froiii prnt:riic~ :I t  114-1 1.5’. 
YicJld, 35;. 

. I n ( [ / ,  C:ilcd, for CyH,2X202: ( 2 ,  57.1:s: 1-1, 7.19: N, 1 K M ;  
nlol. wt .  Iti8.2. Forind: C ,  ,57,:36: H, fi.05; S,  l6.<59: mol. \ v t .  
170.6. 

~-.I/cth!//-2-c.c~i,hoi/irth,o.r!/-;?-l,iji.i.o/itlirie( ,Y-ttieth y l  jcccr1)o.r- 
tar i i idc (I .  I1 = I?’ CH2, I ? ”  = NHCHs), 11.11. I~5r?-1A0°/I:i 
tr1n)., n:: 1.4775. >.icltI. 2 2 ( ; .  

. l n c i / .  (’:ilrci, for C:sf41sS.0:,: (;, 53.!18; H ,  8.Ofi: N, 1:3.!)!). 

Frnni csth\.l ol,a’-tlil)rot,io:iclil):it(~ : t i i ( I  iric,thj,lirniiric: 
h’tA!l/ Z-iiret~i~~1-,?,:i-p!/i~,.o/ic/jnet~ic.nrboxy/aic. (I. I t  = ( X a ,  

11‘ = C1.H;, l ?”  = OC,H.,),q t ) . ] ~ .  l:3,5--140°/i nini . ,  ti2,? 4512, 

T”o1lnti: I?, 54.22  H, 8.:!2; N, l-t.l!). 

!+Id, f j : % ~ ~ ~ .  
I {,8- I j i / / / d / i  yl-J,  X- f l i f im d o  / . i d .  11 of~ffI/1C-2,4-diollf~ i I I. 

It = CH?, S = ( ) j ,  !.ic~ltl. . 111 :itldition to thcs :il,ovc~ tli- 
:rtivc, :I 1iighc.r boiling fr:~(~tioii 

(15.5- l ( iOo / i )  n i n i . )  \\:is ol)l:iiiicd i i i  :t yic’ltl of 1 0 ‘  f ,  \\.hosc2 
isf:rrt(ir~. for thc- riinido c,str.r I 

(11 = C l I s ,  I?’ (:?Hi, Ii’’ = :<H(’Ha). 
From etIiJ.1 ~ , ~ ’ - ~ l i l ~ r o i ~ i o : ~ ~ l i ~ ~ : ~ t ~ ~  :ind r i - l ~ r i t ~ ~ l : i i i ~ i ~ ~ ~ ~ :  
E/h!// I- i i -hi i t~~l-2,~-’-p~j i~~o/ i~l i~~en‘ir .c1rbor~~l~rle  ( I .  I t  = I I -  

C4H5,. I<’ = C.H,, It’’ = 0C2Haj,9 h,p. 104-10~5°/0.05 nitn., 
~72 1.45’20. yield, 50(,’;. 

(8)(a)  All tnrlting points :trc iincorrected. (b) i1nnlyst.s 

(9) A,  J Hill, Jr.,  a n d  .J. T. Rf:tynarti. L-. S, Pat. 2.596.090 
by Mr. 14;. Hoffnxinn and staff. 

( s r a J ,  ~:i. 1 ~ 2 ) .  



I - t t - I j  ,~l~l-2-cuibelbo~y-/-6-p!/rrnlidine( &-n-hct!/l )(:arbox- 
~ ~ ~ i d e  (I. 11 Il-CdHy, 11' = CzHs, R "  XHCrHr-rt), b.p. 
lR4-135"/0.05 mm., n v  1.4620, yield, 23Y;. 

Found: C, 64.64; H, 10.20; N, 9.55. 
A n a l .  Calcd. for C16H30N203: C, 64.39; HI 10.13; XI 9.39. 

From methyl a,a'-dibromoadipate and benzylamine: 
,Methyl l-benzyl-d,6-pyrroli.linedicarboz~l~te (I. R = C7H7, 

R '=CHI ,  R." = OC:H3), h.p. 129-130"/0.05 mni., yield, 
:t070, n g  1.5142. 

ilnal. Calcd. for C,5Hl&rOd: C, 64.!Hj; H, 6.01; N, 5.05. 
12ou1id: C, 65.23; H ,  7.15; N, ,524. 

The still residue c:onsist,ed of :t high I)oiling ni:tt~cri:iI which 
could not, 1w distillrd \vit,hoiit tleroinposition and whose 
striicturc n x s  shonn to be the amido cbster I (It  = ChHi, 
I{' = CH:,, It'' = NHCiHi) (yield, 48Yc) by its siibsequent 
conversion to thc amino alcohol IV (I<  = R' = CiHi, R" 
= OH). 

From ethyl a,a'-dibromoadipate and benzylamine: 
Ethyl l-henzyl-2,5-pyrrolidined~carbozylate (I. R = CiHi ,  

It '  = C 2 H ,  R" = OC?H5),4,g b.p. 150-155°/0.05 mni., n:," 
I .5036, yield, 487@. 

l-Renzyl-&-carhetho~y-5-pyrrolidine( ~~-benzy l~)carboxan~ide  
(I. R = CiHi, It' = C?H,, R" = SHCiH?),*b.p. 190-195°/ 
0.05 miii., yitAld, 357;. 

r th  ylamine : 

d,/,-dione (IT. R = CH,CH,S ((:: ,) S = O), b.p. 1T.i- 
180"/0.0:3 nim., n'," 1.4840, yield, l h  

' lnal.  Calcrl. for C18H3J?;20:: C, 6;<.87; H, 10.29; S,  16.55. 
Found: C, 6:3.tjO; H, 10.1:<; N, 16.62. 

1-( 2-lliethi/lant ir~oelhUl)-2,~5-pyrroliiliri e- [ S , S ' - d i (  2-di- 
eth&mnino ethi/l)) rlicnrboramide (111 I<. = 13,' = CH?CH*T- 
(C2H5)?), h.p. '210--215°/0.03 mtn., It:: 1.4802, !.ic>ld, 50%. 

.Lnal. C:ilcd. for C2aHooN60?: C, (i3.:39: H, 11.08; X, 18.40. 
Foiind: (;, 63.13; H, 11.03; N, 18.55. 

.?,8-Dirn (ilA?/l-5,8-dinznhic,!/clo 13.2.1 ] ocltrn c (11. It = C Hz, 
S = H?) dihydrochloride. To a stirred siispension of 3 g. of 
lithium aluminum hydride in 200 nd. of c4hrr was added d r o p  
wisc a solution of 6 g. of I1 (11 = CH,, S = 0 )  in 50 nil. of 
tsthrr. The reactioii niist,rire was rc.fluxecl for 16 hr., thc excess 
hydridc \vas destroyed by addition of 25',0 sodium hydroxide, 
:mtl the supernatant, wts distilled. 13.1,. 57-60a/11 mm., 
it': 1.4770, yield, 2.2 g. (88 '3) .  ..\ dihydrochloridr inrltrd at  
'28:3-285" (from absolute rt>hanol). 

.Innl. C:ilrd. for C,H18C!l,S,: C, 45.08: H, 8.51; S, 13.15. 
1"ound: C, 4 4 . U :  H ,  8.53; N, 13.1%. 

.1IPthyZ Z,,~-p!/rrolirlinerl'ic.niho.r!//nt(. (I. I< = 11, It' = C K ,  
It'' = OCH3) hy/drochlorirlc. A solution c:ont:tining 10.2 g. of 
rncthyl l-l~riizy1p~-rroIidine(iicllrbosylnt,i~, .50 i n l .  of rthanol, 
and 2 nil. of c o r d  hydrochloric :tcid wits hydrogen:tt,ad in the 
presence of ,556 palladium 011 c:hnrc,o:il catalyst and :in init,ial 
pressure of 50 lbs. After completrd rr:irtioii the catalyst was 
filtered off nnd th(s solvent \vas c~vapor:rted. The residunl 
solid was rcscr\-stnllized from cbthnnol-eth\rl itcetati,. 31.1,. 

From ethyl cu,N'-dil)ronio:ttlip:~t(, :lilt1 2-dirthylaiirino- 

3,8-Di( 2-dif.lh!/la/,r inoc/li!/l-.3,8-rlic,zrchicr/clo [3.2.1] O( . t /M e- 

1!11-192O, yield, 8.1 g. (99Gjc). 
:innl. Calcd. for CLH,,CIKO,: C. 42,!lT: H. 6,:31: S. 6.2;. 

- I  , I  

Found: C, 42.90; H, 6.14; Y, 6.59. 
2,5-F'~rrolidine( .~,.\'-t/ihcnZ!/l)cal.bo.rai/iirie (111. R = H, 

It' = ?;HC;Hi). X inistiircs of 2.2 g. of rnt,thyl 2,5-liyrroli- 
dincdirarboxyhtc and  1 0  g. of briixy1:imiiic~ was rcfliixrd for 
4 hr. They rcxartion prodiict was dissolvrd i n  100 nil. of ;<.I- 
Ii!.drochloric avicl : i t i t 1  t liv solution ~vzis filt.c~rrd. Thr  filtr:ttc, 
was mndc h i ( ;  n.ith lO(Yc potassium hyclrosidr itiid the solicl 
was rollcctcd 1)). filtration. After drying mid sevcml rwrys- 
tdlizutions from otliyl :w.tatcb the m:itcsri:il incltt-ci ;it I i 0  
180': yield, :1.8 g. ( 7 9 ~ ~ ) .  

. l n d .  (hlcd. for C?o il.lCl; H, 0.87; N, t'2.15. 
Foiind: C j  71.03: H ,  7. 

1 - . l le thr/ l -2-carhelh~x~/-~~-p~/rrol idine(  S-betLzyl)carboxnri~idc 
( I .  R = CH?, It '  = C?Hi, 13" = NHC7H;).2 A solution of 10 
g. of ethyl l-rii~~th\~I-2,5-I~~rrolidinedicarbo.uylat~e in 12 g. of 
henzylaminc \vas refused for 16 hr. The excess benzylamine 
w n s  r c n i n v d  undcr rrvliiccd prc'ssiiw, the  rrsidiir was  PX- 

tractecl with boiling hexane and distilled. B.p. 160-1(i5"/ 
0 . 0 7 m m . , n ~  1.5170,yield, 5.3 g. (43%). 

The hexane extract,, on evaporation yielded a solid nielt.inp 
over a wide range (70-90'); attempts to purify the material 
by column chromatography (Florosil) were not successful. 

l-Methyl-~,6-pyrrolidinedica?boxylic acid. A solution con- 
sisting of 11.5 g. of ethyl l-methyl-2,5-pyrrolidinedicar- 
boxylate, 5.5 g. of benzylamine, and 200 ml. of 9570 ethanol 
was refluxed for 6 hr. The solvent was stripped and the resi- 
due triturated with ether. A solid (1.5 g.) was filtered off; it 
was water soluble, melted a t  270-373" (reported5 for 1- 
methyl-2,5-pyrrolidinedicarboxylic acid, 273-274" j, itnd its 
infrared spectrum eshihited the usual carbonyl st,rtxtchiiig 
bands associated with carboxylic acids. The ethereal filtratv 
upon distillation gave 5.5 g. of l-methyl-2-carbethoxy-.i- 
pyrrolidine( N-benzy1)carboxamide. 

Reactions between ethyl l-benzyZ-2,6-pyrrolidinedicarboxy- 
late and  benzylamine. A solution of 8 g. of ethyl l-benzyl- 
2,5-pyrrolidinedicarboxylate in 10 g. of benzylamine was 
refluxed for 48 hr. The excess benzylamine r a s  distilled and 
the gumm,v residue \\-as extracted with boiling heptanr. 
On cooling 2 g. of a solid appeared which melted over a wid(. 
range (40-88"). -411 attempts to purify the material by 
fractional crystallization or chromatograph>. iwre unsuccess- 
flll. 

5-8-Dir~rcth~~l-3,X-diniabicyclo jS.8.11 octaiae-Z,,$-dione (I I. 
R = CHI, X = 0). Foiirt,een grams of I (I2 = CH,, R' = 
C?HJ, R"  = NHCHa) RRS heated at, 160--180" for 5 days. 
The wiriisolid mist,iirc: was filtered and the precipitate a-as 
recryst,allized from hexane. Tield 6 g. ( 5 3 c / ) ,  1n.p. 114-115". 

The above reaction conditions were applied to the follow- 
iiig t,hree compounds: I (R  = CH, and CjHi. R' = CZH:, 
R" = NHCiH;) and I11 (It = H, R'  = C,Hi). In every in- 
stanw fihroua or glassy materials resulted on heating; hexanc 
vstractiona of the reaction mixtures always yielded anior- 
phous solids possessing indefinite melting points and resisting 
:t11 ntt8empts at, piirification. 

I-.llcth?/l-Ni lldrosyn~ethlll-5-,iiethylai,iinoiiaethylpyrro2idirc~ 
(Il-. It = It' = CIfaj R" = OH). To a stirred suspension of 
8.5 g. of lit,hium aluminiiim hydride in 350 nil. of ether was 
:ulded dropn-ise 24.7 g. of I ( It = CHI, R' = C?H5, R" = 
NHCI-Ia) in 50 nil. of ether. The rnixt,ure was refluxed for 16 
hr., t,he rsress hydride was destroyed by addition of 25% 
sodium hydroxide and the supernatant was decanted and 
distilled. 13.;). 321-322"/Iq5 mm., ny 1.4839, yield, 15 g 
(Tiyo). 

.1 nul. (hlcd. for CRH18N20: C, 60.72; H, 11.47; N, 17.70. 
b'ound: C, 60.57; H, 11.43; pi, 17.44. 

I-Henzyl-R-h.?/droxU))i eth!/I-5-benzylai,iinoniethylpyrroliditie 
( IV.  H = R' = G H i ,  It" = OH). The preceding procedurr 
was applied to 25 g. of crude I ( R  = CiHi ,  R' = CH,, R" = 
XHGH?).  Yield, 12 g. (555,;), b.p. 162-164"/0.07 mni. 
(Cign:irella and Sathansohnz report, a n1.p. of 54-55" for 
this compound). 

.lnnl. C : h l .  for C,oH?&tO: C, 77.38; H, 8.44; S, 9.OS. 
Ii'oiind: C', 77.10; H, 8.61: X, 8.05. 

l - ~ ~ l c ~ h ~ ~ l - 2 - r h l o r o i ~ ~ e t h ~ ~ Z - 5 - ~ ~ ~ e t h ~ l u ~ ~ 1 i n o i ~ 1 r t h ~ ~ Z p y r r o l i d i n  F 

(IV. It = R' = CH,. It" = C1) dihydrochloride. h solution 
of 7.6 g. of thc amino alcohol IV (E = R '  = CH,, R" = 
OH) in 60 ml. of dry Iieiizene was saturated with hydrogen 
cxhlorid(. gas. Thioiiyl ohloridr (10 ml.) 'S:LS added and thc 
niistiirc' n: is stirrcd :ind hrntt-d :It (i0--70" for 5 hr. Tlie super- 
natiiiit \vas decant8cd and the solid rcsiduc \VRS rerryst.:illized 
from :tbsolutt. cthanol. Yield, 9.2 g. (777c), m.p. 165-167'. 

. 1 n d  Cxlrd. for CrIIIBCI9S:: C, 38.49: 11, 7.67: S, 11.23. 
Found: C, 38.41: H, 7.05; S,  11.25. 

Eight. grams of t,hc, in:tt,erial was dis.solved in 50 ml. of 
water and the solution \vas made hasic xvith lor& potassium 
hydroxide. The basic mixture was stirred for 2 hr. and the oil 
estracted with ether. The extract was dried and distilled t o  
give 4 g. of IV (R = R.' = CH3, R" = OH) (identified by 
ita infrared spectrum) and 3 g. of a fract,ion, b.p. 140-14lo/ 
0.08 inm., whirh cniild rint kw irlrnt,ified. 



1-1Ueihyl-2,5-di( n-butylarninoniethyl)p~/~mii~l~nc ( 1 \'. 

ride. A suspension consisting of 10.5 g. of l-metliyl-2,5-bi~- 
chloromethylpyrr~lidine,~~~ 25 g. of butylamine, 10 g. of 
unhydrous potassium carbonate, and 100 ml. of ahsolutt: 
ethanol was stirred and refluxed for 3 days. The solvent anti 
t)he excess low boiling rengents were removed under reductd 
prossure and thc residue was suspended in 200 ml. of watcjr. 
The aqueous suspension was made strongly basic with 20% 
potassium hydroxide and the oil was extractrd with ethrr. 
The extract was dried and distilled. B.1,. 88-89"/0.05 nim.. 
yield, 6 g. (41y0). The trihydrocliloride melted a t  300-303" 
dec. (from ethanol-ethyl acetate). 

A n a l .  Calcd. for C15H&I3N3: C, 48.338; H,  9.95; z\T, 11.52. 
Found: C, 49.41; H,  10.11; X, 11.43. 

l-Benzyl-2,6-di[( 2-dieth?/laminoethyln,?iino)i,iethyl] pyr-  
Tolidine (IV. R = C ~ H T ,  R' = C H & H ~ N ( C ~ H S ) ~ ,  R" = S H -  
CHZCHZN (CZH,)~). The above reaction was applied to 10 
g. of l-benzyl-2,5-bisehloromethylpvrrolidin~~.*~3 € 3 . ~ .  136- 
140°/0.05 mm., yield, 6 g. (4570). 

Anal. Calcd. for C19H43XE: C, 71.89; 11, 11.34; N, lfi.77. 
Found: C, 71.66; H, 11.13; N, 16.49. 
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I1 = CH3, R' = ~ L - C I H ~ ,  R" NHCdH9-n) trihydroddo- 
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The y-ray induced degradation of polymethyl 
methacrylate is indicated by main chain fracture 
and gas evolution. Recently,* it was reported that 
(1) protection against both degradative processes 
can be effected by incorporating phenyl groups (as 
styrene units) in the polymer chain arid (2) this 
protective effect, the precise inechanisni of which is 
obscure a t  present, is not transmittcd over more 
than one styrene unit. 

Present studies with polystyrene-dl (1al)eled in 
the a-, p- and p-positions) aiid copolymers contain- 
ing monodeuterat ed styrene groups indicate that 
free radicals derived from ?-irradiation of the more 
sensitive methyl methacry1:ite moiety of the poly- 
tner abstract H atoms &rom ncighhoring styrene 
iinits. As a result of these "secondary" radical ah- 
straction reactions, it appears that the protecting 
agent itself is susceptible to decomposition. The  
ierisitivity toward radical at tack of tlie various 
varbon-hydrogen bonds in the styrene molecule has 
heen estimated by measuring the deuterium diztri- 
1)ution in the evolved gasps. 

(1) Presented a t  the 138th National hIeeting of the 
American Chemical Society, ?jrv York, Y. Y., September, 
1960. 

(2) W. Burlant, I). Green, and C, Taylor, J .  A p p l .  Poly- 
mer Sci., 1, 206 (1959). 
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~ ' 5 7 ~ ~ r ~ Y ~ i q  w ~ ~ ~ / ~ ~ r i d s .  u-d,-Slgretie. In n tlry nii,rogeti rt tmos- 
phc:rt~, :t aulutioii  of 97.8 g. (0.53 mole) of u-broinostyrew 
(prepared from pheriylacetylene and hydrogen I~roniide3) i l l  

200 ml. of dry tetrahydrofuran was added dropwise to :I, 
gtirred mixture of 28.45 g. (1.17 moles) of magnesium turn- 
ings :itid tetrahydrofuran. Mild refluxing was maintained 
during :iddition. Hydrolysis of the (;rignard salt then was ef- 
fected kiv the dropn-ise addition of 50 i d .  of deuterium oxi(le 
after which 200 nil. of water, 100 ml. of diet,hyl ether and a 
f(>w grams of sodium chloride were added. The organic l:tyrr 
was separated from the water; the latter was extracted with 
ether-benzene solutions and the combined organic material 
washed with saturated sodium chloride solution. After re- 
moval of the solvents in VUCZLO, a few crystals of hydroquinone 
mere added to the residue to  minimize polymerization of tlie 
styrene during subsequent handiiiig. After twu distillations, 
there was obtained 15.0 g. ( 2 7 7 0 )  a-d, styrene. This prodiirt 
had a b.p. a t  15 mm. of 43-45', and ny, 1.5441. Mass 
spectra indicated an  isotopic purity of 93%; the contanii- 
nant was ordinary styrene. 

Anal .  Calcd. for CsH7D: C, (31.38; H + D, 8.62. Found: 
C, 91.21; H + D, 8.44. 

P-dl-Styrene. According t,o a procedure similar to that  de- 
scribed for the preparation of the a-isomer (the Grignard of 
P-bromostyrenc was prepared in diethyl ether), there mas ob- 
tained 36.8 g. (357;) of P-dl-styrene; b.p. (10 mm.), 34-35"; 
n',", 1.5432. The isobpic purity was estimated to be 97%. 

.4nal. Calcd. for CsH,D: C, 91.38; I1 + D, 8.63. Found: 
C, 91.11; H + D, 8.45. 

p-dl-Btyrene. This mononier was propared in 30 yield 
from p-d,-bromobeneenc (synthesized by deuterium oxide 
hydrolysis of the mono Grignard of p-dibromobenzene) ac- 
cording to the sequence of reactions employed by Overberger 
and Marvel4 for strucuirally similar monomers; h.p. (20 
mm.) 46-50'; n'," 1.5445; isotopic purity, 98%. 

Anal. Calcd. for CsHiD: C, 91.38; H + I), 8.62. Found: 
C, 91.28; H + D, 8.35. 

Methyl methacrylate ond ?neth$ acrylate. The commercially 
available manomers mere redistilled under nitrogen several 
times before use. 

Pol,ymcrizotion trnd irradiation. .4ppropriate mixtures of de- 
gassed monomers were polymerized thermally to less than 
5y0 conversion. The prodncts were rcprecipitated repeatedly 
from benzene solution with methyl alcohol, dried in uacuo for 
4 hr. a t  loo", then nnalyzcd for the clemcnts t o  determine 
the composition. Each copolymer contained about 0.5 mole 
fraction styrene. Intrinsic viscosities, I?], were determined 
in solvent benzene at 25'; all the stprcnc-methyl methacryl- 
ate copolymers had [?I  1.3. 

Ahout 0.1-g. samples of thc polymer werc tlcgassed at 80" 
for 1 hr. a t  a pressure of about 10-5 mni. before sealing. 
RZass analysis prior to irradiation failed to reveal the pres- 
ence of solvent or oxygen molecules. -4 dose rate of 2.0 X 
105 Rad per hour :it, the single total dose of 1.0 X 10' Rad 
(Co"] source; fcrrnus sulfate dosimetry) WLS employed for all 
csperinirnts. I t  was assiiincd that  1 g. of polymer absorbed 
A2 x 1018 t1.v. when given a dose of 1.0 Mrad. 

J f a s s  spwtromelric gns analgses. The response of a mass 
spectrometer is proportional t o  the presslire of the gas in the 
ion source of the analyzer tube; micro quantities can he 
analyzed hy reducing the volume of the rescrvoir into which 
the sample is espnnded.j 

For the present study, a novel micro sampling system 
(Fig. 1) was designed n-hich was of small volume, contained 
:in expansion chanihcr for ;'slightly oversize" saniplrs and 

(3) C. Dufraise and C. Nourrii, Corript. rend., 171, 9Nl 

(4)  C. Ovc.rberger and C. Marvcl, J .  C'het?L. Soc., 67, 

( 5 )  J. Neerman and F. Bryan, ilnal. Cheui., 31, 532 

(1920). 

2250 (1945). 

(1959). 


