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SATURATED NITROGENOUS HETEROCYCLES. 

i0.* SYNTHESIS ANDEXAMINATION OF THE STEREOISOMERS OF 

3-(5-ALKYL-2-PYRROLIDYL)ALKANOLS 

M. V. Noritsina, I. N. Klochkova, 
and N. N. Sorokin 

UDC 547.743,1'722:542.97:541.634 

Methods have been developed for the synthesis of cis- and trans-3-(5-alkyl-2- 
pyrrolidyl)alkanols. The catalyst isomerization of the stereoisomers has been 
studied, and configurational assignments of the isomers made on the basis of x- 
ray structural examinations, N-MR spectroscopy, and comparison of physicochemical 
properties. A relationship has been found between the more characteristic sig- 
nals in the NMR spectra of the pyrrolidylalkanols and their spatial structures. 

It has been previously reported that alkylated pyrrolidylalkanols, which are of interest 
for the synthesis of biologically active compounds, can he obtained by the stereochemically 
directed catalytic hydrogenation of the appropriate amines of the furan series in acidic media. 
X-ray structural analysis has shown that in the case of 5-methylpyrrolidy!alkanols the princi- 
pal isomer possesses the cis-configuration [i]. 

When the catalyst employed is nickel promoted by ruthenium [2], the formation of pyr- 
rolidylalkanols is less stereospecific, and when an alkyl substituent is present in the 3- 
position of the side chain in the original amines, in addition to the cis-pyrrolidylalkanols 
(V-VIII), there are formed in yields up to 35% the lower-boiling trans-pyrrolidylalkanols (IX- 
xI i ) .  

""  "" \ (  : , )~CHR e a t .  - . - fH R" ""N': (C 2 .~ R" N "H 

I - I V  V - V I I I  I?,--XI1 

I, V, IX R--CH3, R'=H; II, VI, X R=RI=CHa; Ill, VII, Xl R=i-C4Hg, RI=H; IV, VIII, 
NgI R=i-C4Hg, I~I=CH3 

When the reaction is carried out at 60~ under a hydrogen pressgre of 60-70 atm, the ratio 
of the cis- and trans-isomers in the catalyzate is, according to GLC, the same throughout the 
reaction. At a temperature of 100~ reversible catalytic isomerizatio~ begins, with the 
establishment of a constant ratio of cis- and trans-isomers, the latter predominating. The 
composition of the mixtures obtaiDed is independent of temperature over the range I00-120~ 
At higher temperatures, partial r~sinification occurs. The same ratio of isomers is estab- 
lished within 7-8 h in randomly s~!ected samples, enriched in one or o~her of the isomers, 
when kept under the isomerization conditions. 

*For Communication 9, see [i]. ,. 
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When hydrogenation was carried out at 100~ instead of the expected mixture of pyr- 
rolidylalkanols enriched in the trans-isomers, the main reaction products were the tetrahydro- 
furan amine starting materials [3]. 

Thus, for the preparative synthesis of the cis-isomers it is desirable to carry out the 
reaction at 60~ and of the trans-isomers, to maintain the hydrogenation mixture at I00-120~ 
for 7-10 h after the end of the reaction. 

Isomerization occurs only under hydrogen pressure. In the presence of nitrogen or air, 
degradation of both the cis- and trans-isomers occurs with the formation of low-boiling prod- 
ucts of unknown structure. In the absence of a catalyst, the pyrrolidylalkanols are stable 
on heating in nitrogen or air as well as hydrogen. These findings are in accordance with 
known behavior on catalytic isomerization [4]. 

i ~ l  HCOH,IICOOH " 

R "(CTI2)3 OH ~ R~N~CH2)3 OH 
I 
CH 3 

V.VII.IX.XI VI.VIII,X,XII 

I (CI13C0),20 I (CH3C0)20 

t - , I  " COCH 3- CH 3" 
XIILXV,XVll .XIX XIV.XVI,XVIII,XX 

X l l l ,  XIV - - c ~  , R=CH~; XV, XVI - -  c i s ,  R=i-C4H9; XVII, XVIII  - -  trans, R=CH3; 
X I X ,  X X  -- t r a n s ,  R=~i-C4H9 

The N-methylpyrrolidylalkanols (Vl), (Vlll), (X), and (Xll) were obtained directly by 
methylation with formaldehyde in the presence of formic acid of the appropriate N-unsub- 
stituted pyrrolidylalkanols. 

Reaction of the alcohols (V-XII) with acetic anhydride gave 80-90% yields of the ace- 
tates and N-acylacetates (XIII-XX). 

The IR spectra of (V-XII) show strong absorption at 3400-3200 cm -I, with maxima at 
3360-3390 cm -I, characteristic of stretching vibrations of the associated OH group, together 
with other bands characteristic of OH vibrations (1310, 1265, and 1080 cm-*). The spectra 
of VI, VIII, X, XII, XIV, XVI, XVIII, XX contain a narrow band at 2780 cm -I [gCH3(N)]. Char- 
acteristic of (XIII-XX) is strong absorption at 1720-1730 and 1250-1230 cm-* (ester C=O). In 
the spectra of the N-acylacetates (XIII), (XV), (XVII), and (XIX), in addition to ester group 
absorption, there was strong absorption at 1670-1630 cm -~ (C=O in tertiary amides). 

The cis-configuration of the pyrrolidylalkanols (V) and (VI) was established by x-ray 
structural analysis of the dihydrate of the acid tartrate of (VI), and by the chemical conver- 
sion V§ Vl [i]. The pyrrolidylalkanols (IX) and (X) have the same chemical structure as (V) 
and (VI), but they differ from the latter in their physical properties, and are therefore the 
trans-isomers. 

The pyrrolidine alcohols (V-VIII) possess higher boiling points and refractive indices 
than the isomers (IX-XII). 

From a comparison of the physical constants of the compounds obtained (Table i), we have 
made a tentative assignment of the pyrrolidylalkanols (VII) and (VIII) as the cis-, and (XI) 
and (XII) as the trans-isomers. The results are in agreement with the Auwers--Skita rule, 
according to which in uncharged five-membered rings the trans-isomers boil at lower tempera- 
tures, and have lower refractive indices than the corresponding cis-compounds. 

We have found that the trans-isomers are more weakly hydrogen-bonded than the cis-iso- 
mers [5], and have lower retention times on a variety of sorbents used in GLC (Table I). 

One of the most characteristic features of the :SC NMR spectra is the signal for the 
carbon of the CH20H group, the chemical shift of which is highly dependent on the steric 
structure of (V) and (VlI-XII). Thus, in the cis-isomers this signal occurs at higher field 
(61-62 ppm), indicating steric deformation in the cis-isomers [6], and for the corresponding 
trans-isomers at 67-68 ppm, the position of this signal in both geometrical forms being 
largely independent of the presence of substituents either on the nitrogen atom, or a t C(5) 
of the pyrrolidine ring. 
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TABLE i. Stereoisomeric 3-(5-Alkyl-2-pyrrolidyl)propanols 

Bp (rap), "c , 
Corn-pound [(pressure,, hPa) 

IX 
VI 
X 

VII 

XI 
VlIl* 
XIIT 

116--117 
[20--211 (9,3) 
91--92 (6,7) 

113 (8} 
98 (4) 

160--162 [32] 
(21,3) 

116--118 (6,7) 
ll4--116 (4) 
133--135 (16) 

/lt D~O 

1,4750 

1,4558 
1,4680 
1,4508 
1,4689 

1,4538 
1,4679 
1,4509 

GLC| reten- 
tion time, 
min 

21,0 18,8 

10,5 8,2 
18,0 10,6 
12,2 6,5 
22,5 17,5 

12,8 11,0 
19,5 9,2 
16,2 8,0 

Found, % 

C H N 

67,2 12,3 9,5 

67,1 12,1 9,6 
68,3 12,2 8,9 
68,4 12,2 8,8 
71,2 12,6 7,5 

71,6 12,3 7,6 
72,5 12,7 7,5 
72,3 12,5 7,0 

~'PMR 

Empiri- 
cal 
formula 

CsHITNO 

CsHITNO 
CoHIoNO 
CgH19NO 
CuH~aNC 

CuH2aNC 
C,~Ha~NC 
CmHzsNC 

(3H, 
(2H, 
#PMR 
2.12 

Calculated, 
qo 

c H N 

67,2 12,0 

67,2 12,0 
68,8 12,1 
68,8 12,1 
71,3 12,5 

71,3 12,5 7,7 
72,4 12,6 7,0 
72,4 12,6 7,0 

9,7 

9,7 
8,9 
8,9 
7,6 

spectrum: 5 0.81 (3H, d, CHs), 0.85 (3H, d, CH3), 2.20 
s, CH3--N), 2.12 (IH, m, 5-H), 2.30 (IH, m, 2-H), 3.52 ppm 
m, CH2--O). 
spectrum: 6 0.81 (6H, d, 2CH3), 2.14 (3H, s, CH~--N), 
(IH, m, 5-H), 2.20 (IH, m, 2-H), 3.67 ppm ~2H, m, CH2--O). 

In the PMR spectra of the N-methylpyrrolidylalkanols, the signals for the methylene pro- 
tons of the CH20H group occur as a multiplet at 3.52-3.67 ppm. It is likely that owing to 
the presence of strong intramolecular hydrogen bonding exchange of the OH group protons is 
slow, and the signal for the CH=OH protons is split both as a result of interaction with the 
protons of neighboring CH2 groups, and with the OH protons. 

The PMR spectrum of the cis-isomer of (VIII) differs from that of the trans-isomer in 
the type of absorption of the methyl groups in the isobutyl radical. In the spectrum of cis- 
(VIII), each methyl groups is split by the methine proton into a doublet (J = 6.0 Hz). In 
the spectrum of the trans-isomer, a single doublet (J = 6.3 Hz) is observed in the region of 
absorption of (CH3) 2CH. 

EXPERIMENTAL 

IR spectra were obtained on a UR-20 instrument as suspensions in vaseline oil and hexa- 
chlorobutadiene in the case of crystalline solids, and in thin layers for liquids. PMR spec- 
tra were obtained on a Varian XL-100 spectrometer in solution in CDCIs or CCI~. 13C NMR 
spectra were measured on a Varian FT-80 A (20MHz) spectrometer in CDCI3, in the impulse ac- 
cumulation mode followed by Fourier transformation. GLC analyses were carried out on an 
LKhM-8MD chromatograph with a flame ionization detector, 3.6m • 0.6 cm column, sorbent In- 
zensk brick TND-TS-M, modified with 2% KOH and soaked in 15% Apiezon L; 1 m • 0.3 cm column, 
sorbent Cellite C, treated with 15% of SE-30, temperture 140-250~ carrier gas (argon) flow 
rate 1.2 liter/h. 

3-(2-Phrrolidyl)propanol (XXI) and 3-(l-methyl-2-pyrrolidyl)propanol (XXII) were obtained 
as described in [3]. 

trans-3-(5-Isobutyl-2-pyrrolidyl)pr0Ranol (VII). In a rotary autoclave of 250 ml capac- 
ity was placed 20 g (0.i mole) of the amine (III), and diluted (1:3) hydrochloric acid was 
added to bring the pH to 4, followed by 2 g of Ni/Ru. The initial hydrogen pressure was 60 
atom, and temperature 60-70~ When the calculated amount of hdyrogen has been absorbed (5.5 
liter), the catalyst was filtered off and the filtrate neutralized with an excess of solid 
NaOH. The oil which separated was isolated, and the aqueous layer extracted with ether. The 
ether extracts were combined with the oil, and dried over solid KOH. The ether was distilled 
off. According to GLC, the hydrogenation product contained 50% of isomer (VII) and 36% of 
isomer (XI). On dis~illation ~n vacuo, 6.4 g (32%) of (XI) was collected over the tempera- 
ture range I16-I18~ (6.7 hPa). The aminoalcohol (VII) (4.3 g, 23%) distilled over at 160- 
162~ (21.3 hPa). 

Similarly obtained were the trans-pyrrolidylpropanols (IX), (X), and (XII), and the cis- 
pyrrolidylpropanols (V), (VI), and (VIII). 

Catalytic Isomerization of 3-(5-Isobutyl-2-pyrrolidyl)propanolst A. In an autoclave 
was placed 20 g (0.i mole) of the amine (III), and the pH was brought to 4 with diluted (1:3) 
hydrochloric acid, followed by the addition of 2 g of Ni/Ru. The initial hydrogen pressure 
was 60 atm, and the temperature 60-70~ After absorption of the calculated amount of hydro- 
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gen over a period of i0 h, the hydrogenation products, according to GLC, contained 50% of 
the cis-isomer (VII) and 36% of the trans-isomer (XI). The remaining 14% consisted of impuri- 
ties of unknown structure. The temperature was raised to 100~ whereupon after i h, accord- 
ing to GLC, the mixture contained 40% of the cis-isomer and 46% of the trans-isomer. 

B. An autoclave was charged with a prepared mixture of isomers of 3-(5-isobutyl-2-pyr- 
rolidyl)propanol, containing 75% of the cis and 25% of the trans-isomer. Dilute hydrochloric 
acid (1:3) was added to bring the pH to 4, followed by 2 g of Ni/Ru. The hydrogen pressure 
was 60 atm, temperature 100~ According to GLC, after 7 h the mixture contained 50 • 2% of 
the trans-isomer, after l0 h 40 • 2% cis and 60 • 2% trans, and after 14 h the composition of 
the mixture was unchanged. 

C. An autoclave was charged with a mixture of isomers of 3-(5-isobutyl-2-pyrrolidyl)pro- 
panol containing 17% of the cis-isomer (VII) and 83% of the trans-isomer (XI). Dilute (1:3) 
hydrochloric acid was added to bring the pH to 4, followed by 2 g of Ni/Ru. The hydrogen pres- 
sure was 60 atm, and the temperature 100~ After 14 h, the composition of the mixture remained 
constant at 40 • 2% of the cis-isomer (VII), and 60 • 2% of the trans-isomer. 

3-(5-Alkyl-2-pyrrolidyl)propanols (VI)~ (VIII), (X), and (XII) were obtainedby direct 
synthesis by methylation with formalin and formic acid of the 3-(5- alkyl-2-pyrrolidyl)propa- 
nols (V), (VII), (IX), and (XI), as described in [7]. 

The acetyl derivatives (XIII)-(XX) were obtained as described in [3]. 

cis-3-(l-Acetyl-5-methyi-2-pyrrolidyl)propyl Acetate (XIII). Bp 201-203~ (6.6 hPa); 
n~ ~ 1.4716. Found: C 63.3; H 9.4; N 6.2%. CI=H=INO~. Calculated: C 63.4; H 9.3; N 6.1%. 

cis-3-(l-Acetyl-5-isobutyl-2-pyrrolidyl)propyl Acetate (XV). Bp 174-175~ (6.6 hPa); 
n~ ~ 1.4705. Found: C 67.3; H 10.4; N 5.7%. CIsH27N03. Calculated: C 67.0; H i0.0; N 5.2%. 

trans-3-(l-Acetyl-5-methyl-2-pyrrolidyl)propyl Acetate (XVII). Bp 178-179~ (2.7 hPa); 
n~ ~ 1.4689. Found: C 63.8; H 9.6; N 6.3%. CI=H21NO~. Calculated: C 63.4; H 9.3; N 6.1%. 

trans-3-(5-1sobutyl-l-methyl-2-pyrrolidyl)propyl Acetate (XX). Bp 118-119~ (9.3 hPa); 
n~ ~ 1.4470. Found: C 72.4; H 11.6; N 6.0%. C14H2~NO=. Calculated: C 72.7; H 11.6; N 6.0%. 
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