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Uialkyl itaconate was condensed with various primary amines to form I-substituted 5-oso-3-pyrrolidinecarbo~ylates 
which were reduced to 1-substituted 3-pyrrolidincmethanoIs hy lithium aluminum hydride. Treatment of these pyrrolidine- 
nicthanols with thionyl chloride yielded their corresponding chlorides. I-Suhstituted 3-pyrrolidinylmethyl alcohols and 
chlorides are useful intermediates for the preparation of a number of physiologically active compounds. 1-Methyl-3-pyrrol- 
itlineniethsnol was also prepared from diethyl 1,~-pyrrolidinedicarhoxylnte either hy cmploying lithium aluminum hydride 
rduction directly or by Bouvesult-Blsnc reduction indirectly through ethyl 3-pyrrolidinccsrbosJ.lnte ns an intermediate. 

The reaction of aniline with itaconic acid was 
studied by Gottlieb2 in 1851 and by Michael and 
Palmer3 in 1887. The structure of the product was 
established by Anschutz and neuter4 in 1889 to 
be 5-oxo-1-phenyl-3-pyrrolidinecarboxylic acid. Re- 
cently Paytash and his co-workers5 used this re- 
action to  prepare a large number of 1-substituted 
~-oxo-3-pyrrolidinecarboxylic acids with various 
aryl, aralkyl, cycloalkyl, and heterocyclic amines 
in place of aniline. Itaconic acid has also been 
condensed with long chain alkylamine@ and methyl- 
amine' to give the corresponding 1-substituted 
~-oxo-3-pyrrolidinecarboxylic acids. 

We have found that the lower alkyl esters of ita- 
conic acid will condense with different primary 
amines in equimolecular quantities to  form 1- 
substituted 5-oxo-3-pyrrolidinecarboxylates in good 
yields. The product obtained by condensing di- 
methyl itaconate with benzylamine was found to 
be identical with the esterification product of 1- 
I;enxyl 5-oxo-3-pyrrolidinecarboxyljc acid prepared 
according to  the procedure of P a y t a ~ h . ~ "  Ethyl 1- 
methyl - 5 - oxo - 3 - pyrrolidinecarboxylate has 
been prepared earlier by ChleX and by I-Iardepger 
and Corrodig from a-carboxysuccinic acid. The samo 
compound was also formed by condensing diethyl 
itaconate with methylamine. The structure of these 
pyrrolidinones was further supported by the 
synthesis of butyl l-n-octyl-5-oxo-3-pyrrolidine- 
carboxylate from dibutyl itaconate and n-octyl- 
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__ 

(2 )  J. C:ottlieb, Ann., 77, 281 (1851). 
( 3 )  A.  1Iichnrl and G. h1. Pnlmrr, A m .  Chon.  J . ,  9,  

(4)  It. Anschiitz nnd F. Rcuter, Ann., 254, 120 (1889). 
(5)  (:I) P. 1,. I'nytnsh, E. Sparrow, nntl J. C. Gnthc, 

. I .  Chem.  Soc., 72, 1415 (1050). ( I ) )  P. I,. Pnytnsh, 
\ I .  .J. Thompson, :tnd 11. E. Fylccs, .I. :Im. <,'hem. Soc., 74, 
4549 (1052). (c)  1'. L. Pnytnsh, 11. J. Thompsnn: :inti 
\\'. 13. Clnrlic:, .I. 11m. Chetn. Soc., 76,  3500 (1054). 

I!)!) (1887). 

(6) A. hIudrd<,  I;. S. I'ntent 2,757,125, July 31, 1056. 
1 7 )  P. I,. Southnick, E. P. Previc, ,J. Cnsnnovn, .Jr., :mtl 

I:. I i .  Cnrlsoii, J .  Ory.  C'hcm., 21, 1092 (1056). 
( 8 )  1''. C. I:hle, J .  A ~ L .  Che??~. SOC., 73, 2103 (1051). 
(9) E. Hmdcfi~gcr :mtl 11. Corrotli, H d v .  C h i m .  i tc /a ,  39, 

!I80 (1956). 

amine by Knuth and Bruins'O during the course of 
our work. 

Sixteen 1-substituted 5-oxo-3-pyrrolidinecarbox- 
ylates (I) were synthesized. Their physical proper- 
ties are summarized in Table I. These compounds 
were reduced by means of lithium aluminum hy- 
dride to 1-substituted 3-pyrrolidinemethanols (11). 
Treatment of the pyrrolidinemethanols with thionyl 
chloride converted them to the corresponding 
chlorides (111). The properties of 1-substituted 3- 
pyrrolidinemethanols and the chlorides are re- 
corded in Tables I1 and 111, respectively. 

CHz=C-COOR, flcooR1 4 LiAlH 

O N  I 
I CH2COOR1 

+ R 
RNHZ I 

I  
R 
I1 

R 
I11 

Cnlike dialkylaminoalkyl halides," which un- 
dergo ring formation as free bases, these chloro- 
rr.cthylpyrrolidincs are fairly stable and can t e  
kept in an icebox for several months without 
deterioration. 

1-Substituted 3-pyrrolidinemethanols and their 
corresponding chloridcs are useful intermediates 
for the preparation of a number of physiologically 
active compounds of therapeutic value. Reports 
on these studles will he published in the future. 

When sodium aluminum hydride12 n-as used in 
place of lithium aluminum hydride for the reduc- 
tion of methyl l-rnethyl-5-oxo-3-pyrrolidinecarb- 
oxylnte, the yield of l-methyl-3-pyrrolidi11emeth- 
anol IT aq slightly lower. 1-Methyl-3-pyrrolidine- 
methanol has also been synthesized by us from 
diethyl 1,3-pyrrolidii icdicarl)~x~l~te either by em- 
~ -_ 
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TABLE I1 
1-SUBSTITUTED 3-PYRROLIDINEMETHANOl~S 

ICt1'"" r ' 
R 

R 
Yield, Carbon, % Hydrogen, '% 

B.P., Mm. n y  %d Formula Calcd. F o u z  Calcd. Found 

CH3" 
C& 
n-C3H7 
i-CsHl 
CIIFCHCH~ 
n-C,HS 
l-c4Hgb 
Cyclohexyl 
CsHaCHz 
o - C ~ C ~ H ~ C H ~  
CsHsCHzCHt 

CsHs 

(CsHs)nCHb 

3,4-diCH30CsH,C€IzCH2 

94-96.5, 15.0 
110-111,20.0 
122-126, 24.0 
122-122.5, 24.0 
122-124, 21 .O 
130-131, 19 .O 

97-101,O. 06 
166-168, 12.0 

139.5-140.5, 36 

114-122, 0.06 
114, 0 .05 
144-148, 0.06 
130-135, 0 .05 
54-55c 

96-1006 
150-154, 0 . 3  

1.4662 
1.4693 
1.4GG9 
1.4713 
1 .4822 
1.4672 
1.4744 
1.5023 
1.5431 
1.5541 
1.5380 
1.5446 
1.5872 

79 
74 
79 
76 
69 
79 
81 
88 
69 
70 
91 
93 
40 

70 

62.59 
65.07 
67.08 
67.08 
68.04 
68.74 
68.74 
72.08 
75.35 
63.85 
76.05 
67.89 
74.54 

62.27 
65.34 
67.05 
67.15 
68 .22 
69.39 
68.71 
71.93 
75.29 
63.93 
76.08 
67.73 
74.56 

11.37 
11.70 
11.97 
11.97 
10.71 
12.18 
12.1s  
11.55 

7.15 
9.33 
8.74 
8.53 

8.96 

11.19 
11.86 
11.75 
11.61 
11.01 
12.14 
11.91 
11.40 
8.89 
7.34 
9.08 
8.74 
8.39 

a Methobromide: m.p. 254-256'. Anal. Cnlcd. far C,HlsBrNO: C, 40.01; H, 7.68. Found: C, 40.19; H, 7.81. Prepared 
by Dr. J. R. Corrigan of these laboratories. Melting point. Based on purified products. Analyzed aa hydrochloride, m.p. 
238-239' dec. Anal. Calcd. for C l ~ H ~ ~ C I N O :  C1, ll.G7. Found: C1, 11.46. 

TABLE I11 
1-s UBSTITUTI.: I) 3-CHLOROMETHY LPYRROLIDI N WS 

LJCHZC' 
I R 

R R.P., Mm. 

CHa 75-76, 35 
C A  86-88,3G 
CsH7 89-90, 19 
i-C3Hl 90-91, 24 
CH-CHCHz 90-91, 14 
C I H ~  108-110, 20 
CsHsCHi 165-167; 19 
CsH5CHzCHt 97-102, 0.06 

n y  

1.4608 
1.4611 
1.4611 
1.4630 
1.4755 
1.4625 
1.5346 
1.5319 

Yield, 
%' Formula 

53 CaHizCIN 
85 C7Hu ClN 
86 CeHisClN 
86 CaHisClN 
82 CaHi4ClN 
81 CgHiaCIN 
81 CizHisClN 
94 Ci3HiaCIN 

Chlorine, % 
Calcd. Found 

26.53 26.86 
24.02 23.67 
21.93 22.03 
21.93 21.89 
22.21 22.36 
20.18 20.14 
16.91 17.02 
15.85 15.06 

a Based on purified products. 

ploying lithium aluminum hydride reduction 
directly or by Bouveault-Blanc reduction in- 
directly through ethyl 3-pyrrolidinecarboxylate 
as an intermediate. The starting material, diethyl 
1,3-pyrrolidinedicarboxylate (VII), was prepared 
by a series of reactions as described by Miyamoto,13 
i.e. diethyl 4-oxo-1,3-pyrrolidinedicarboxylate (IV), 
was catalytically reduced to  diethyl 4-hydrox-y- 
1,3-pyrrolidinedicarboxylate (V) which was de- 
hydrated to diethyl 3-pyrroline-l,3-dicarboxylat e 
(VI) and catalyt,ically hydrogenated. 
KO pure product could be isolated when diethyl 

1,3-pyrrolidinedicarboxylate (VII) was used di- 
rectly in a Bouveault-Blanc reduction. Diethyl 1,3- 

pyrrolidinedicarboxylate was therefore hydrolyzed 
to 3-pyrrolidinecarboxylic acid (VIII) which was 
esterified, without isolating the pure product, to 
ethyl 3-pyrrolidinecarboxylate (IX). For the prep- 
aration of 1-methyl-3-pyrrolidinemethanol from 
ethyl 3-pyrrolidinecarboxylate, two routes were 
investigated. The fist route comprised the N- 
methylation of ethyl 3-pyrrolidinecarboxylate using 
a similar procedure of Feldkamp et u Z . , ' ~  followed 
by a Bouveault-Blanc reduction of the ethyl 1- 
methyl-3-pyrrolidinecarboxylate (X) thus formed. 
The second route utilized the Bouveault-Blanc 
reduction first to obtain 3-pyrrolidinemethanol 
(XI), which was N-methylated by the formic 

(13) M. Miyamoto, Yukuga,ku Zasshi, 77, 56s (1057); 
Cheni. Abalr., 51, 16422f: (1957). 

(14) R. F. Feldkamp, J. A. Faust, tmd A. J. Cushman, 
J .  Am. Chem. Soc., 74, 3831 (1952). 
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acid-formaldehyde method of Clarke, et nl.15 
This sequence of reactions may hc illustrated as 
1 h r  following : 

O v C O O C ~ ~  HO COOCZHS COOCZHS 
H2 

I 
L N J  

I I 

C00C2H5 
IV 

I 
H 
IX 
HZ Bouveault-Blanc 

Reduction 

HCHO Pd-C I- 1 

COOC2H5 C00C2H5 
v VI 

H,/Pt 

I 
H C 0 0 C 2 H 5 

VI11 VI1 

PAiH4 
,CH,OH ,CH&H 

CH, 
X 

EXPERIMENTAL l6 

1-~enz~Z-5-ozo-3-pyrrolitlinccarboz~lic acid. A mixt,urc of 
itaconic acid (130.1 g., 1 molc) and Ixmzylaminc (107.2 g., 
I mole) was heat,ed for 2 hr. The hot renct,iori mixt,urc was 
poured into 500 g. of an ice water mixture t? srparntc crude 
l-l~enzyl-5-oxo-3-pyrrolidincc~irt~ox~lic acid as R cq&illine 
solid. The crude product was dissolved in 200 ml. of 5-V 
pohssium hydroxide. Thc solution \vas decolorized with 
activated cnrbon, filtered, and thc filtrato ncitlificd with 100 
ml. of roncd. hydrochloric acid. The crystalline l-benzyl- 
5-oxo-3-pyrrolidinecart)osylic acid (182.5 K , ,  8:3%,) was rol- 
Icvted on a filtcr, thoroughly washed with wxtcr, and dricd, 
n1.p. 143' (rcport,ccP m.p. 143-144"j. 

:trial. Calcd. for ClsH13NOy: C, G5. i4 ;  11, 5.08. Found: 
C, G5.8i; H, 5.8i. 

Mcth,yl  l - b e n z y l - 5 - o r o - S - p y r r o ~ i d ~ n e c a ~ ~ ) o r ? ~ l ~ / e .  A mixture 
of l-l~cnzyl-5-oxo-3-pyrrolidinecar~~oxylic acid (21.9 g., 0.1 
molc) and 150 ml. of 20% hydrogen chloride in methanol was 
refluxed with stirring for 3 hr. The mixture was concen- 
trated under reduced presviire to a syrup which was cooled 
i n  an ice bath 2 n d  treated with 100 ml. of saturated sodium 
1)icnrhonate solut,ion. The whole was extracted with threc 
150-ml. portions of cthcr. The combined ethereal extract was 
dricd ovcr anhydrous maanesium sulfate, filtcrcd, and thc 
solvcnt removrd 1)y distillation. The rcsiduc  as fraction- 
at,ed iindcr reduced pressure to collect a fraction with b.p. 
205-215' nt 18 mm. Thc distillate was dissolved in 10 ml. 
oE nieth:mol and the resulting solution scratched in a glass 
rod to initinlc crystnllization. The yield of methyl l-hcnzyl- 
6-oso-8-pyrrolidinccnrboxylnta was 1G.O g. (69y0), m.p. 
(i-1-G5 '. 

Anal. Cnlcd. for C,31€l!,XO;: C, GG.93; H, G.48. Found: 

(15) 11. T. Clarttc. 1%. B. Cillwpic., and S. Z. Wcisshaus, 
J .  A m .  Ch,enz. Soc., 5 5 ,  4571 (1933). 

( 1G) All molting points niid t,oiling points arc uncorrected. 
Microanalyscr liy Clark ;\ficronn:ilyt ical I,nt)oratory, 
lTrlxmn, T11. 

C ,  67.06: II. G:13. ____ 

Ethyl I-bcnzyl-5-oxo-S-pyrrolidinecarboz?/lal. Similarly pre- 
pared in 73% yield was ethyl l-benxyl-5-oxo-3-pyrrolidine- 
carl)oxylate, I).p. 223-226" at 13 mm., n'," 1.5267. 

Anal. Cnlcd. for Cl4H17NO3: C, 67.99; H, 6.93. Found: 
C, G8.28; H, 6.89. 

I-lSlirbsfit uted 5-oxo-3-ppdidinecarboxylates (I), Three 
procedures werc employed. For lower alkylamincs with low 
boiling points, condensation with itaconic esters was carried 
out a t  5-10' and thcn allowed to stand at room tempera- 
turc. For cycloalkylnmincs nnd aralkylamines with higher 
t)oiling points, the reaction was performed at room tempera- 
t,ure and completed by refluxing the reaction mixture. 
For arylnmines. elevatcd temperat,ures were used to effect 
the condensation. 

Procedure A .  Dialkyl itaconatc (1 mole) was added with 
stirring to a solution of the alkylamine (1 mole) in 100 ml. 
of absolute methanol, cooled in an ice bath, a t  such a rate 
that  a tcmperaturc of 5-10' was maintained. The addition 
usually took 30-60 min. The mixture was allowed to warm 
up to room temperature with stirring. After standing over- 
night, the solvent was removed by distillation and the 
residual oil fractionatrd under reduced pressure. 

Procedure B. A mixt,ure of dialkyl itaconate ( 1  mole), 
amine ( 1  mole), and 100 ml. of absolute methanol was pre- 
pared and stored nt room temperature overnight. Aftcr 
h i n g  refluxed for 2-3 hr., the mixture was concentrated. 
The rcsidne was fractionated under reduced pressure or 
crystallized from a suitable solvent. 

Procedure C. A mixture of cquimolccular nmount,s of 
methj.1 itnconnte and the arylamine was heated at 180- 
195" ior 3 h r .  During thc hcating a ne:irly theoretical 
amount of incthanol \vas collected as the distillate. The 
residue was t.hcn dist.illcd under reduccd pressure. 

Sixteen 1-sukhtuted 5-oxo-3-pyrrolidinccarboxylates were 
synt,hesizcd as listcd in Table I. 

l-Substi/z~tctl 3-pvrrolirlinenzethanol,~ (11). A solution of 
1 molo of 1-sul)stituted 5-oxo-3-pyrrolidinccarboxylate iri 
150 ml. of nnhydroiis cthcr \vas addcd slowly to a slurry of 
54 g. (1.4 inoles) of pon-dcrcd lithiiim nliminum hydridc in 
i 00  ml. of xhsolutr rthrr. Thc addition was made ovcr a 
period of 4-5 hr. with efficient stirring so 2 s  to mainhin :L 
modcratc reflux rate. When the addition was cornplctc, 
refluxing and stirring was continued for 2 hr., aftcr which 
the rcnction misturc was left at room temperature over- 
night,. Thc white lithium nliiminum complex was dccom- 
posed hy the p l o w  addition of 77 g. of water and sufficicnt 
addition of ether to pcrmit efficient stirring. The resulting 
slimy wns stirrid for 1 hr. nnd thcn filtered by suction. 
Thc cthercnl filtrntc was srt asidr whilc the calic w:is com- 
plctcly cxtrctrtrd in a Soshlct type apparatus with ahsoliitc 
cthanol. After romhining the ethereal and thc cthanolic 
filtrates, thc solvents werc rcniovcd by distillation, and t,he 
thick oil fractionated under reduced pressiire. Fourtceri 1- 
su1)stituted 3-pyrrolitlincmcthanols were prcpnrcd as listed 
in Tahlc 11. 

I-Sz~b.s/i t i~lcrl  5-chloromcthZllpyrrolidincP (111). A solution 
of 1 molc of 1-substituted X-pyrrolidineniethanol in 300 ml. 

atnratctl with gnseoiis hydrogen chloride. 
The I)rown, two phase mixture was thcn hcatcd to reflux 
and slo~vly t,reatcd with a solution of 240 g. (2  molcs) of 
thionyl chloride in 300 nil. of chloroform. h'hcn the addition 
was complete, rcfliixing \ m s  continwd for 1 hr. The cxccss 
thionyl chloride and solvcnt wcrc parti:illy removed by 
distillat,ion. Two 250-ml. portions of absoliite ethanol were 
sucrcssively addcd to the concw1trat.e and removed by dis- 
tillation. The rcsidiie was dissolved in 300 ml. of water and 
all inso1nl)lc material tompletcly removrd from thc solution 
by extraction nith isopropyl ether. This :iridic aqueous solu- 
tion was mad(: strongly Imic  wit,h 5GY0 potassium hydroxide 
liherating the free Iiasicn chloride as an oil. The oil was 
extracted with ether, and thc extract dried with anhydrous 
magncsium sillfate. Aftcr filtration, all solvent was removed 
1)y distillation nntf thr rcsidual oil fractionated under 
reduced pressure. F;ight 1-substituted 3-chloromethyl- 



M i Y  1961 P'YRItOLIDINES. I 1523 

l)~,rrt~lidincs wcrc prrpnred. Tlicir physical constants are 
I istci l  in Tahlc 111. 

1-,lleth?/2-S-p!/rrolitlinenlclhdnol. The physical properties, 
inrliitling refr:wt,ivc inclircs, infrared spectra, and I)oiling 
~ ) n i i i t s ,  of the prodiicts from different synt,hcsrs wcre 
cswnt,i:dly t,hc snmc. 

i :I) Prom ~nelhyl l-nieth?/l-6-ozo-3-pyrrolirlinecarbo2?/lflte 
i r s i n g  .sodium nli!,nainu?n hydride as a reducing agent. h slurry 
(it 12.1 g. (0.23 molc) of sodium aluminum hydride in 
SO nil .  of tctrahydrofurnn was slowly trcntcd with stirring 
o w r  1.5 hr. period with n solution of 23.6 g. (0.15 mole) 
of tncthyl l-mcthyl-~5-oso-3-pyrrolidinecarhosylate in .50 
nil .  of tctrahydrofurnn. Aftcr being stirred and refluxcd for 
:in :Ldtlitional 1.5 hr., the reaction mixture wns cooled in an 
ivr Iinth and carefully treatcd with 12.1 nil. of wntcr. The 
inisturc was filtercd and the filter cake estracted with two 
150-inl. portions of boiling ethanol. The filtrate and ,the 
cth:inolic estracts were comhined. The solvents were re- 
moved hy distillntion under partial vacuum. The oily residue 
wis frnctionatcd under reduced presswe to  yield 11.4 g. 
(fiGf,{,\ of I-methyl-3-pyrrolidinemethanol ns a colorless oil, 
11.p. 86-80" at 8 mm., n'," 1.4663. 

( I  I )  From diethyl 1 ,S-pyrrolidinerEicarb~x~late. Diethyl 4- 
oro-f .:i-pilrrolidinedical.hoz?/lnte (IF'), The procedure of 
Kiihn nnd O s s ~ a l d ' ~  was followed. Dicthyl 4-oxo-1,3- 
~ ~ y r r ~ ~ l i ~ l i n e d i c n r l ~ o s y l n t c  melted a t  60-62" ( r c p o r t ~ d , ' ~  m.p. 
5!)-(i 'L0. 

I ) i r / h ~ / l  /i-hydrorl/-1,3-p?jrrolirlinedicarboxylate (\'). A solu- 
tion o l  diethyl 4-oso-1,3-pgrrolidinedicarbosylnte (58.0 g., 
0.2.5 mole) in 250 ml. of ahsolute ethanol was hydrogenated 
rintlcr 50 p.s.i. pressure of hydrogen using plntinuin oxide 
3s thc catalyst. The thcorctical amount of hydrogen was 
:il)x)rtird in 16 hr. The cntnlyst was filtercd off and the 
filt r:itcx conrcntr:lted. Thc crucle dicthyl 4-hydroxy-1,3- 
~~yrrr i l i t l inedicar~~oxylnte  (43.9 g.) n.ns ol)tnined by distilling 
the rc,eitlue undrr redurcd prrssure, 11.p. 131-164" a t  0.2- 
0.3 mni., n'; 1.4730. The pure product (37.5 g., 657,) was 
c,ollrctrd ns a colorlcss oil by redistilling the crude com- 
l)oiintl, h.p. 164-167" nt 0.18 in in .  (reportcd,13 17'6-178' 
:it 2 . 5  mm.), n'; 1.4722. 

Die(hy1 3-pyrroline-f ,S-dicarboxylate (VI).  A mixture of 
dicthyl 4-hytlroxy-l,3-pyrrolidinedicarboxylate (23.1 g., 0.1 
inolc), ncetic anhydride (60 ml.), and anhydrous Bodiuni 
:iwtntc (2.5 g.) \vas refluscd for 5.5 hr. The acetic anhydride 
\v:ts rcmovcd liy distillation. The residiial crystalline slurry 
wis trcntcd with I50 nil. of ether and the solid collected on a 
filtcr. The solid was dissolvcd in 50 ml. of water and the 
nqiieoiis solution cxtraitcd jeveral times with ether. The 
filtrnte wns misetl with the cthcreal extracts, dried over 
nnhydrous mngncasium srilfnte, and concentrated. The 
rwitlual oil was distillcd undrr rrdurcd pressure to give 19.9 
R. of n light colorccl dietillnte, h.p. 158" a t  9 mm., n g  1.1728. 
The  piirc diethyl 3-pyrrolinc-I ,B-dicnrhoxylate (18.6 g., 
8714) was olitaincd as a colorless oil by redistilling the crude 
rompound, h.p. 155-160" a t  9 mm. (reported,13 134" a t  2 
min.), n'," 1.4718. 

Diethyl ~,S-p?/rrolirlinedicflrbo~?~/ul~ (VII). A solution of 
tlirthvl 3-pyrroline-I ,:l-dirarhox,ylate (17.1 g., 0.08 mole) 
i n  i 5  nil. of nlwnlutc ethanol iv:is hydrogenated under 50 
p.s.i. pressnrc of hydrogen wing platinum oxide as the 
c,nt,:Llyrt. Thc throrrticnl nrnonnt of hydrogrn was ahsorbed 
i n  C, hr .  Tlic mixtiirr was filtrrcd. Aftrr rcmoving the solvent 
t l i v  rrsi(liinl oil \ v : ~ s  distillcd i i i i d r r  rctluccd pressure to yicld 
I K:< g. (!)OC,&) of dict,hyl 1 ,X-p~rrolidinedicarboxylate as :L 
(~ilorlrss oil, I1.p. 152-158' :it 10 min. (rcportedl3 120-121" 
;it 1.5 nim.), ny 1.4582. 

l-.l~clh?/l-Y-pyrrolidin~~nelhano/. A slurry of 2.0 g. (0.053 
inr,lc) of lithiiim :iluminrini liytlritlc in 50 ml. of anhydrous 
r thvr  \vas slowly trcated with a solution of diethyl 1,3- 
~ ) ~ . r r ~ i l i t l i n r d i r n r l ~ ~ i x y ~ n t ~  (4.3 g., 0.02 niolc) in 25 ml. of 
:irtliytlrous (+her nt siicah :L rxtc thnt grntle refluxing vins 

(IT) 1 1 .  K r i l i n  : in11 G. O S S W ~ ~ ~  cbcm.  Bcr., 89, i32X 
~ 

( 1!)56). 

maintained. After being stirred and refluxed for an adtli- 
tional 5 hr., the reaction mixture was cooled in an ice bath 
and carefully treated with 2.9 ml. of water. The whole was 
filtered and the filter cake extracted with two 75-nil. portions 
of ethanol. The ethereal f i h a t e  and the ethanolic extracts 
were combined and concentrated by distillation. The oily 
residue was dist,illed under reduced pressure to collect 1.50 g. 
(65%) of l-methyl-3-pyrrolidinemet,hanol ns a colorless oil, 
h.p. 55-90' at 10 mm., n'd 1.4662. 

(c) From ethyl 3pyrrolidinecarbosylale (Bortveadt-Blanc 
reaction). Ethyl S-pyrroZidinecarbozy/lale (IX) . A stirred 
mixture of diethyl 1,3-pyrrolidinedicnrhosylnte (10.8 g., 
0.05 mole) and 50 ml. of water was slowly treated (10-15 
min.) with 50 ml. of concd. hydrochloric acid. After refhising 
for 7 hr. the resulting clear solution was cooled to room 
temperature 2nd thoroughly shaken with 50 ml. of ethyl 
acetate. The aqueous layer was separated and concen- 
trated under reduced pressure to a viscous oily residue which 
was extracted twice with liberal amounts of absolute ethanol. 
The combined ethanol solutions were concentrated hy dis- 
tillation to give crude 3-pyrrolidinecarboxylic acid hydro- 
chloride as a yellow viscous oil. A solution of dry hydrogen 
chloride (35 9.) in 130 ml. of absolute ethanol was added, 
and the mixture was refluxed for 20 hr. After concentrating 
the ethanolic reaction mixture by distillation untlcr reduced 
pressure: the grcenish yellow viscous rcr;idue mns cooled in 
an ice bath, covered with 75 ml. of ethcr, and made strongly 
hasic with 10 ml. of 40% sodium hydroxide. The aqueoiis 
lnycr was separated and thoroughly extracted with two i5- 
ml. portions of ether. The combined etherenl cstrart, wns 
dried over anhydrous magnesium sulfate, filtcrcd, concen- 
trated, and fractionated under reduced pressure to collect 
3.65 g. (51%) of et,hyl 3-pyrrolidinecarboxplate ns n color- 
less, very mobile liquid, b.p. 92-04' a t  17 mm., n?," 1.4531. 

Ethyl 1 -methyGS-pyrrolitEinecnrbo2?/2nte (X) . h mixture of 
ethyl 3-pyrrolidinecarboxylate (3.45 g., 0.024 mole), form- 
aldehyde (377,,  2.0 g., 0.024 mole), acetic acid (2.9 g., 
0.048 mole), and 25 ml. of water was hydrogenated under 50 
p.s.i. pressure of hydrogen using 0.2 g. of 10% palladium on 
charcoal as the cntalyst. The theoretical amount of hydrogen 
was absorbed in 30 min. The catalyst was removed hy filtra- 
tion and the filtrate concentrated by distillation. The oily 
residue vas cooled in an ice bath, covered with 100 ml. of 
ether, and made strongly basic with 10 ml. of 407, sodium 
hpdroxidc. The aqueous layer was separated and extracted 
lvith two 50-ml. portions of ether. The combined etherenl 
extract \vas dried over anhydrous magnesium sulfat,e, 
filtered, and concentrated by distillation. The residue was 
fractionated under reduced pressure to yield 2.75 g. ( 737,) 
of cthyl 1-methyl-3-pyrrolidinecarbosylate as a colorlcss 
oil, b.p. 80-82" at 15 mm., ng 1.4400. Redistillation of the 
crude product gave 2.54 g. (67.37,;) of the pure product, 
h.p. 102-103" at 38 mm., n'," 1.4401. 

Anal. Calcd. for C8HlINO: C, 61.12; H, 9.62; N, 8.91. 
Found: C. 61.13; H, 9.66; N, 9.28. 

I-ndethyl-S-pyrroZidine~ethanol. Freshly cut sodium metal 
(1 .5  g., 0.065 g.-atom) was covered with 8 ml. of dry toluene 
and the mixt.ure heated to slow reflux with efficient stirring, 
while a combined solution of ethyl 1-methyl-3-pyrrolidine- 
rarboxylate (2.50 g., 0.016 mole), 4-methylpentanol-2 (3.40 
g., 0.033 mole), and 12 ml. of dry toluene was added drop- 
\&e over a 2 hr. period. After being stirred nnd rcflused for 
3 hr., the reaction mixture was cooled to  50-60", and care- 
fully treated with 5 ml. of water. The organic lnycr was 
separated. The aqueous layer was extracted with two 25-ml. 
portions of toluene and one 25-ml. portion of ether. The com- 
hined tolucne and ether extracts were dried over anhydrous 
magnesium sulfate, filtered and concentrated. The oily 
residue was distilled under reduced pressure to give I .28 g. 
(70'7,) of I-methyl-3-pyrrolidinemethanol as a light straw 
colored distillate, b.p. 112-114' at 38 mm., ny 1.4656. 
The pure pr0duc.t (1 .17 g., 134.9%) was obtained as a color- 
less liquid by rediFtillation under reduced pressure, h.p. 
112-114° a t  38 mm., n'," 1.4661. 
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3-PyrrolidinemethanoZ (XI) .  Freshly cut sodium metal 
(1.15 g., 0.05 g.-atom) was covered with 5 ml. of dry toluene 
and the mixture heated to slow reflux with efficient stirring, 
while a combined solution of ethyl 3-pyrrolidinerarboxylate 
(1.4 g., 0.01 mole), 4-methylpentanol-2 (2.62 g., 0.025 
mole), and 15 ml. of dry toluene waa added dropwise over a 
I-hr. period. After being stirred and refluxed for 2 hr., the 
reaction mixture was cooled to 50-60' and carefully decom- 
poRed with 10 ml. of water. The organic layer was separated. 
The aqueous layer was saturated with solid potassium 
hydroxide and extracted several times with toluene. The 
toluene extracts were combined and dried over anhydrous 
magnesium sulfate. The oily residue which waii obtained 
after filtering and concentrating the toluene Rolution waa 
distilled under reduced pressure to collect 0.30 g. (30%) 
3-pyrrolidinemethanol as a colorless distillate, b.p. 122' 
a t  15 mm., n y  1.4851. 
1-Methyl-3-pyrrolidinemethnol. A mixture of 3-pyr- 

rolidinemethanol(300 mg., 3 mmoles), formic acid (380 mg., 
8 mmoles), and formaldehyde (37%, 270 mg., 3 mmoles) 
was refluxed for G.5 hr. Concentrated hydrochloric acid 
(600 mg., 7 mmoles) was added and the refluxing continued 
for 30 min. The residue, obtained by concentrating the mix- 
ture in a partial vacuum, waa cooled in an ice bath, made 
strongly basic with 0.5 ml. of 40% sodium hydroxide, and 
extracted thoroughly with ether. The ethereal extract waa 

dried over anhydrous magnesium sulfate, filtered, and con- 
centrated to an oily residue. 1-Methyl-3-pyrrolidinemethanol 
(120 mg., 35%) was obtained aa a colorless oil by fractional 
distillation, b.p. 93-95' at 16 mm., n y  1.4682. 

I-Methyl-6pyrrolidinemethnol methobromide. A solution 
of 1-methyl-3-pyrrolidinemethanol ( 120 mg., 1 mmole) in 
0.5 ml. of acetonitrile was cooled in an ice bath and satu- 
rated with methyl bromide. 1-Methyl-3-pyrrolidinemethanol 
methohromide separated aa white crystals which were fil- 
tered and washed with a 0.5-1 ml. amount of isopropyl 
alcohol. After drying at 60" for 1 hr., 1-methyl-3-pyrrolidine- 
methanol methobromide (110 mg., 52%) melted a t  250- 
253". A mixed melting point determination with an authentic 
sample showed no depression.** 
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A series of 1-substituted 3-pyrrolidinylmethyl esters of disubstituted acetic and glycolic acids has been synthesized for 
antispasmodic screening. Different methods for the preparation of the highly active 1-methyl-3-pyrrolidinylmethyl esters 
of benzilic and phenylcyclohexylglycolic acids were studied. A separation of two possible racemic forms of 1-methyl-3-pyrrol- 
idinylmethyl phenylcyclohexylglycolate was accomplished by the combined use of fractional crystallization, adsorption chro- 
matography, and fractional precipitation. 

A large number of basic alkyl esters of disubsti- 
tuted acetic and glycolic acids has been synthesized 
in the past. Some of them have been shown to 
possess useful antispasmodic action. 1-3 

In a search for more physiologically acceptable 
antispasmodic agents we have synthesized a series 
of esters of structure (I) using 1-substituted 3- 

I 

pyrrolidinylmethyl alcohols and chlorides' as 
intermediates. The acid moieties used were benzilic 
(R, = OH, Rz = C6H5), diphenylacetic (R1 = H, 

( 1 )  F. F. Blicke, Ann. Rev. Biochem., 13, 549 (1944). 
(2) It. R. Burtner, Medicinal Chemistry, Vol. 1, C. M. 

Suter, ed., Wiley, New York, 1951, p. 151. 
( 3 )  A. Burger, Medicinal Chemistry, Vol. 1, Interscience, 

New York and London, 1951, p. 417. 
1 7  (4) Y m H u a  Wu and R. F. Feldlcamp, J .  Org. Chem., 
26, 1519 (1961). 

Rz = Cas), and phenylcyclohexylglycolic (RI = 
OH, RP = cyclohexyl) acids. 

The 1-substituted 3-pyrrolidinylmethyl benzilates 
were most readily prepared by the transesterifica- 
t i0n~9~ of the 1-substituted 3-pyrrolidinemethanols 
withmethyl benailate using n-heptane as the reaction 
medium, a catalytic amount of metallic sodium, and 
a Dean and Stark apparatus to trap the methanol 
formed. The reaction went smoothly and generally 
was completed after a three to four hour reflux pe- 
riod. The volume of the methanol phase separated in 
the Dean and Stark trap was a good indication 
of the extent of the reaction. The free 1-substituted 
3-pyrrolidinylmethyl benzilates prepared were crys- 
talline solids that could be recrystallized from n- 
heptane. Their hydrochloride and methobromide 
salts were prepared by the usual procedures. The 
physical properties of the free bases, hydrochlo- 
rides, and methobromides,are recorded in Table I. 

(5)  A. Verley, Bull. 8oc. chim., 41, 788 (1927). 
(6) R. F. Feldkamp, J .  Am. Chem. SOC., 74, 3834 (1952). 


