1-Amino-1-phenyl-2- and 2-Aminc-1-phenyl-1-propanol Systems

J. Org. Chem., Vol. 40, No. 24, 1975 3551

Conformational Equilibri_a in the 1-Amino-1-phenyl-2-propanol
and 2-Amino-1-phenyl-1-propanol Systems. III.
Nuclear Magnetic Resonance and Infrared Studies!:?

Marcus K. Meilahn,* Charles N. Statham, and James L. McManaman

Department of Chemistry, University of Northern Colorado, Greeley, Colorado 80639
Morton E. Munk

Department of Chemistry, Arizona State University, Tempe, Arizona 85281

Received February 12, 1975

Conformational preferences in the 1-(N,N-dialkylamino)-1-phenyl-2-propanol and 2-(N,N-dialkylamino)-1-
phenyl-1-propanol series of amino alcohols and their benzoate esters have been studied by nuclear magnetic reso-
nance and infrared spectroscopy. The threo amino alcohols reside almost exclusively in the intramolecularly hy-
drogen bonded form of the anti rotamers, while the erythro alcohols prefer the intramolecularly hydrogen bonded

form of the gauche rotamers.

Conformational equilibria in the 2-amino-1,2-diphen-
ylethanol system have been studied in detail by NMR* and
infrared spectroscopy.! These earlier studies led to working
hypotheses regarding the factors controlling conformation
in that system. The present study was undertaken to test
the applicability of these working hypotheses in related
systems to further refine our understanding of the control-
ling factors. The compounds chosen for this study belong
to the l-amino-1-phenyl-2-propanol (I) and 2-amino-1-
phenyl-1-propanol (II) systems.

The stereoisomeric N,N -dialkylamino alcohols in Table I
were prepared by either nucleophilic scission of the C-O
bond of trans-1- phenyl 1-propene oxide, hydroboration of
the appropriate enamine, or reduction of the corresponding
amino ketone. The well-documented trans nature of the
epoxide opening established the configuration of the eryth-
ro® amino alcohols in these systems. In each case structure
and homogeneity were established by NMR spectroscopy.

The vicinal coupling constants, J,p, were conveniently
obtained from the NMR spectra and reflect a weighted
mean dependent on the relative populations of the three
possible staggered rotamers.® This study, as the earlier one,
is concerned with identifying trends and evaluating their
conformational implications. The calculations of approxi-
mate anti to gauche rotamer ratios using the previously
suggested working values, Janti = 10.3 and Jgauche = 2. 6
Hz,* are consistent with the objective.

It is apparent from the values of Jp (Table I) that the
threo amino alcohols 1 and 3 highly populate the anti ro-
tamers tA and tA’ (Charts I and II), respectively. Intramo-
lecular hydrogen bonding (OH--N) undoubtedly contrib-
utes to the stability of these rotamers, already favored on
steric grounds. The intrinsic stablizing influence of the di-
vision of the four bulkiest groups into two pairs separated
from one another by hydrogen atoms has been noted pre-
viously in the 2-amino-1,2-diphenylethanol system.4

At high dilution in carbon tetrachloride, only hydrogen
bonded OH stretching bands appear in the infrared spectra
of threo piperidino alcohols 1a and 3a (Table II); therefore,
the highly populated anti rotamers tA and tA’, respective-
ly, exist completely in the intramolecularly hydrogen bond-
ed form. In addition to the strong intramolecular OH...N
absorption bands, the corresponding threo pyrrolidino al-
cohols 1b and 3b exhibit weak absorptions at 3590 and
3621 em™1, respectively. The band at 3590 cm~! (1b) as-
signed to intramolecular OH...x (phenyl), is consistent with
a small population of gauche rotamers, Similarly, the ap-
pearance of unassociated OH stretching in the spectrum of
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3b is also compatible with the presence of gauche rotamers.
These conclusions are consistent with the slightly lower
vicinal coupling constants observed for the threo pyrrolidi-
no alcohols, and suggest that the subtle differences in the
steric. requirements of the piperidine and pyrrolidine
groups noted in the more encumbered 2-amino-1,2-diphen-
ylethanol system* manifest themselves here as well.

The lower J,p values (<5.1 Hz) observed in the erythro
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Table I
Nuclear Magnetic Resonance Data®

Chemical shift® .
Ha Hp CHjy Jap [antil/[gauche hd
thr ¢ er® thr er thr er thr er thr er

Compd

CH,;—CH,— CH,—CH,

X OR
1
Amino Alcohols
1,R=H
a, X = 1-piperidino 186 183 245 260 55 51 10.2 5.1 f 0.47
b, X = l-pyrrolidino 207 179 248 255 49 . 49 9.8 3.2 f 0.09
Esters
2, R = benzoyl
a, X = 1l-piperidino 204 211 342 344 62 85 8.8 7.9 4.3 2.2
b, X = 1l-pyrrolidino 209 189 337 3217 70 65 5.8 3.2 0.54 0.09
CH,—CH,—CH,—CH;
OR X
II
Amino Alcohols
3, R=H
a, X = 1-piperidino 253 285 g g 46 48 9.9 4.1 f 0.23
b, X = 1-pyrrolidino 247 301 g g 43 48 9.1 3.2 5.3 0.09
Esters
4, R = benzoyl y .
a, X = 1-piperidino 360 366 180 179 53 68 9.0 5.9 4.9 0.75
b, X = 1-pyrrolidino 268 318 185 g 54 68 6.1 3.7k 0.82 0.16

@ Spectra were determined at room temperature on a Varian Model A-60A (60 MHz) spectrometer in CCly or CDCl3 solution at a concen-
tration of ca. 15%. ® In hertz relative to internal tetramethylsilane. ¢ An average of ten runs. Values are accurate to an estimated #0.1 Hz.
@ Ratio of the population of rotamer A or A’ to the gauche rotamers. € thr = dl-threo; er = dl-erythro. 7 >90% anti, & Signal overlaps the
NCH3 signal. # Spectrum was determined on 10 mg of sample and the value is accurate to an estimated +0.2 Hz.

Table IT
Infrared Spectral Properties of Amino Alcohols®
vb Av, <:m'Ic
Compd oH OHitvy  OHeo+N? OHvers OH:+oN
threo-1a 3415 206
1b 3590 (w) 3425 31 196
3a 3355 266
3b 3621 (w) 3385 236
evythro-la 3600 (s) 3475 21 156
1b 3595 (w) 3515 31 1086
3a 3621 (m) 3425 196
3b 3621 (w) 3480 141

2 All spectra were determined in carbon tetrachloride solution
(<0.005 M). % s = strong; m = medium; w = weak. Probable errors:
+1.5 cm~1 for unassociated OH; x2.5 cm~? for bonded OH ab-
sorptions. ¢ 3621 cm ! for the free OH stretch is used in calculating
these values. @ Strong, broad absorptions in all cases.

amino alcohols 1 and 3 reflect the dominance of gauche ro-
tamers. In the erythro series, in contrast to the threo.amino
alcohols, intramolecular hydrogen bonding and steric fac-
tors act as opposing forces, with the former effect dominat-
ing. This observation serves to underscore the profound
role of intramolecular hydrogen bonding in the control of
conformation in poor hydrogen acceptor solvents. As in the
2-amino-1,2-diphenylethanol system, the conformational
bias toward gauche rotamers is greater in the pyrrolidine
than in the piperidine compounds. Space-filling CPK mo-
lecular models suggest that this phenomenon has a com-
mon origin in the systems studied.*

At high dilution the infrared spectra of the erythro
amino alcohols 1a and 1b confirm the importance of intra-
molecular hydrogen bonding. In addition to the presence of
strong OH.-N stretching bands, absorption characteristic
of OH..x (phenyl) appears in the spectra of both com-
pounds. The OH...r peak of la is more intense than the
OH---N band, but that of 1b is less intense than the OH...N
band. This is consistent with the conclusion, derived on the
basis of NMR, that the substitution of pyrrolidine for pi-
peridine in 1 leads to a decrease in the population of the
anti rotamer tA, believed responsible for intramolecular
OH..r. )

The high-dilution spectra of erythro amino alcohols 3a
and 3b exhibit absorption characteristic of intramolecular
OH--N and unassociated OH. The fact that the unassoci-
ated OH absorption peak is weaker in 3b than in 3a again
implicates the greater conformational bias of the pyrrol-
idine compound for the gauche rotamers.

The reported vicinal coupling constants of the benzoate
esters (Table I) permit an analysis of the factors controlling
conformation in the absence of the superimposed influence
of intramolecular hydrogen bonding. In contrast to the cor-
responding amino alecohols, both threo and erythro ben-
zoates 2a heavily populate the anti rotamers tA and eA, re-
spectively, most likely as a result of the stabilization con-
ferred by division of the four bulky groups into two groups
separated by hydrogen atoms. However, in the correspond-
ing pyrrolidino esters 2b, this control is apparently offset
by other factors, as gauche rotamers are preferred. An ex-
amination of space-filling CPK models suggests a possible
explanation of this discrepancy.

Molecular models of the erythro benzoates 2a and 2b
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Table 111 Table IV
Effect of Substituents on the Coupling Constant Properties of the Amino Alcohols and
in PhCH,(OR)CHy(X)R"@ Their Benzoate Esters®
Entry X R! R Torytnre” Ttnres Mp, °C,
- - Compd % yield or eluent

1 1-Piperidino Ph Ms® 9.6 10.4

2 1-Piperidino Ph Ac 8.7 10.7 threo~la 71 95.5-96.5

3  1-Piperidino Ph CH; 1.7 9.2 erythro-la 63 82-83

4 1-(N-Methylpiperidino) Ph H 2.9 10.7 threo-1b 20 81-82

5 1-(N-Methylpiperidino) Ph  CH; 2.2 104 evythro-1b 69 82.5-83.5

6 1-Piperidino CH; Bz 5.9 9.0 thrveo-2a 66 Hexane

¢ Data are taken from ref 4 and Table I of this paper. ? Jap in evythvo~-2a 68 Hexane
hertz. ¢ Ms = mesitoyl. threo -2b 78 3% EtOAc

evythvo-2b 80 10% EtOAc

suggest, as in the cases of the erythro pyrrolidino esters in th;etzyzésa 3? gi:gg
the 2-amino-1,2-diphenylethanol system,* that the domi- :h3e0-3b 12 6061
nance of the gauche rotamers in the pyrrolidino compound erythro-3b 6 n0-71
2b is the result of unfavorable steric interactions between thveo-4a 75 10% EtOAc
the pseudo-axial hydrogens at positions 2 and 5 of the pyr- erythro-4a 34 3% EtOAc
rolidine ring and the carbon atoms of phenyl in the anti ro- threo-4b 82 4% EtOAc
tamer eA. In contrast, in the gauche rotamer eB, the most eyt hro-4b 34 7% EtOAc

favorable orientation of the amino group about the C-N
bond leads to greater steric interaction in the piperidine
compound, while the pyrrolidine moiety is relatively strain-
free in this conformation.” Similar, but apparently not as
pronounced, steric influences account for the more highly
populated gauche rotamers in threo ester 2b.

As expected on steric grounds, the NMR data for the
threo piperidino ester 4a reveals a heavily populated anti
rotamer tA’. In the erythro piperidino ester 4a the concen-
tration of the gauche rotamers slightly exceeds that of the
anti rotamer. In the absence of intramolecular hydrogen
bonding this is unexpected, since in rotamer eA’, just as in
tA, the four bulky groups are divided into two pairs sepa-
rated by hydrogen atoms. This contrasting behavior is ex-
plicable in the disposition of the two bulkiest vicinal
groups, phenyl and amine; anti in tA’ and gauche in eA’.
This unfavorable latter interaction is relieved in eB’, but
not in eC’, which is probably negligibly populated.

If the above analysis is valid, conformational equilibria
should be quite sensitive to the steric requirements of OR,
X, and R’ in erythro-5, but not in threo-5. The compounds

Ph—CH.CH,—FR’

OR X
5

listed in Table.III demonstrate that this is indeed the case.
In the erythro series (a) a decrease in the steric require-
ment of the ester group favors rotamer eB’ (entries 1-3);
(b) an increase in the size of the amino group increases the
proportion of gauche rotamer eB’ (entries 3 and 5); and (c)
an increase in the size of R’ favors rotamer eA’ (entries 1, 2,
and 6).

The gauche rotamers  of the pyrrolidino benzoates
(threo- and erythro-4b) are more highly populated than in
the corresponding piperidino benzoates 4a. Inspection of
molecular models suggests that in the anti rotamers of ester
4, the methyl and amino groups occupy the same relative
orientation toward one another as the phenyl and amino
groups in the tA and eA rotamers of esters 2. Consequently,
the less favorable methyl-amine interaction in the pyrroli-
dino compounds should destabilize the anti rotamers.
Models suggest that the effect should be less pronounced
than in ester series 2, where the more severe amine-phenyl
interactions operate. This view is supported by the data,

since the anti/gauche ratio for both threo- and erythro-4b -

is greater than that for erythro-2b.

a Satisfactory analytical data were obtamed for all compounds
listed in the table.

Experimental Section

All melting points are uncorrected and were determined on a
Mel-Temp melting point apparatus. The nuclear magnetic reso-
nance spectra were recorded on a Varian Associates A-80A spec-
trometer using tetramethylsilane as an internal standard. Infrared
spectra were determined in potassium bromide or as a thin film on
a Perkin-Elmer 137 spectrophotometer. High-dilution infrared
studies were carried out on a Beckman IR-12 spectrophotometer
using previously described techniques.! The microanalyses were
performed by Midwest Microlab, Ltd., Indianapolis, Ind.

Ring Opening of trans-1-Phenyl-l1-propene Oxide with
Pyrrolidine. A solution of 2.0 g (0.015 mol) of ¢rans-1-phenyl-1-
propene oxide and pyrrolidine (5 ml) was heated at the reflux tem-
perature for 41 hr. The solvent was removed in vacuo and the resi-
due poured into water (40 ml). The material which solidified was
isolated by filtration. Fractional crystallization from hexane af-
forded the crystalline, isomeric amino aleohols: 2.12 g (69%) of dl-
erythro-1-(1-pyrrolidino)-1-phenyl-2-propanol (1b) and 0.184 g
(6%) of dl-erythro-2-(1-pyrrolidino)-1-phenyl-1-propancl (3b).

Ring Opening of trans-1-Phenyl-1-propene Oxide with Pi-
peridine. Using the above procedure with a reaction time of 54 hr,
the following amino alcohols were prepared: dl-erythro-1-(1-piper-
idino)-1-phenyl-2-propanol (1a) in 50% yield and di-erythro-2-(1-
piperidino)-1-phenyl-2-propanol (3a) in 1% yield.

1-Phenyl-2-(1-piperidino)-1-propene. Using the method of
Munk and Kim,? 16.0 g (0.12 mol) of phenylacetone and 34.5 g
(0.41 mol) of piperidine afforded 10.9 g (45%) of the enamine: mp
40-42°C; NMR (CCly) é 7.1 (m, 5, Ph), 5.48 (s, 1, CH==), 2.9 (m, 4,
CH;N), 1.89 (s, 3, CHy), and 1.5 (m, 6, CHy). Short-path distilla-
tion followed by crystallization afforded the analytical sample.

Anal. Caled for C14H1oN: C, 88.51; H, 9.53. Found: C, 82.88; H,
9.80.

Hydration of 1-Phenyl-2-(1-piperidino)-1-propene. To a so-
lution of 0.507 g (0.013 mol) of sodium borohydride and 2.057 g
(0.010 mol) of 1-phenyl-2-(1-piperidino)-1-propene in dry THF (25
m}) was added dropwise 1.59 g (0.014 mol) of boron trifluoride eth-
erate in THF (7 ml). The solution was heated at the reflux temper-
ature for 1 hr and cooled in an ice bath and water (10 ml) was
added followed by 6 ml of sodium hydroxide (1 N) and 30% hydro-
gen peroxide (4 ml). The solution was heated at the reflux temper-
ature for 4 hr, poured into a solution of saturated sodium chloride
(50 ml), and extracted with three 50-ml portions of ether. The
combined ether extracts were dried (MgSO,) and the solvent re-
moved in vacuo. Crystallization of the residue afforded 0.894 g
(39%) of dl-threo 3a.

Hydration of 1-Phenyl-1-(1-piperidine)-l-propene. The
above procedure afforded di-threo la in 71% yield.

Hydration of 1.Phenyl-1-(1-pyrrolidino)-1-propene. To a
solution of 0.544 g (0.014 mol) of sodium borohydride in dry THF
(15 ml) was added dropwise 1.5 ml (0.012 mol) of boron trifluoride
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etherate in THF (10 ml). The solution was stirred at room temper-
ature for 2 hr and cooled in an ice bath and 0.953 g (0.053 mol) of
1-phenyl-1-(1-pyrrolidino)-1-propene in THF (10 ml) was added
dropwise. The solution was stirred at room temperature for 5 hr
and cooled and a solution of 1 N sodium hydroxide (4 ml) was
added simultaneously with a solution of 30% hydrogen peroxide (3
ml). The solution was stirred for 12 hr, poured into a saturated so-
dium chloride solution, and extracted with three 50-m! portions of
1 M hydrochloric acid and the combined acid extracts were made
basic by the addition of sodium hydroxide pellets. The basic solu-
tion was extracted with ether and dried (MgSO4) and the solvent
was removed in vacuo. Crystallization of the residue from hexane
afforded 0.207 g (20%) of di-threo-1b,

Reduction of 2-(1-pyrrolidine)-1-phenyl-1-propanone. The
sodium borohydride reduction of the amino ketone in methanol af-
forded a mixture of dl-threo- and dl-erythro-8b in high yields.
The dl-threo and dl-erythro amino alcohols (Table IV) could be
isolated in low yields from the mixture by fractional crystallization
from hexane.

Benzoate Esters 2 and 4. A solution of benzoic anhydride. (0.01
mol), pyridine (2 ml), and amino aleohol (ca. 0.002 mol) was heated
on a steam bath for 2-24 hr. The solution was poured into a mix-
ture of saturated sodium bicarbonate (50 ml) and ether (25 ml).
The solution was magnetically stirred for ca. 1 hr, extracted with
three 50-ml portions of ether, and dried (MgSO,) and the solvent
was removed in vacuo. The oily benzoates were purified by chro-
matography over alumina. ‘
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Fourteen primary amides of varying structures were converted to isocyanates by treatment with lead tetraace-
tate. Generally the isocyanates were not isolated but were converted to carbamates by using a reaction solvent
such as benzyl or, preferably, tert-butyl alcohol. Alternatively, the reaction was run in dimethylformamide and
the isocyanate was converted to the unsym-urea by treatment with tert-butylamine. The carbamates could be
easily cleaved to the corresponding amines (as the hydrochlorides) by treatment with HCI in alcohol, ether, or
acetic acid. The rearrangement was shown to proceed with retention of configuration about the migrating carbon

atom.

Some years ago we reported® the oxidative rearrange-
ment of N-aminooxindole to 3-cinnolinol using lead tetra-
acetate (L'TA) as the oxidant. Because this rearrangement
appeared to resemble in some aspects the classical Hof-
mann rearrangement of N-halo amides, we next showed?*
that the rearrangement of N-amincoxindole could be car-
ried out via the N-chloro derivative. These obsérvations led
logically to the conclusion and subsequent demonstration®
that a Hofmann-like oxidative rearrangement of amides (1)
could be brought about with LTA. By a somewhat different

LTA R'OH

RCONH, —> R—N==C==0 —> R—NHCO,R’
1 2 3
R'NH, l Ho N0 lHCI
R—NHCONHR'’ R-—NH,*Cl~
5 4

pattern of reasoning Beckwith®-® and his coworkers came
independently to the same conclusion, They have described
in some detail their investigations of this quite general and

immensely practical version of the Hofmann rearrange-
ment. 10

Even earlier Tscherniac!! had noted an apparent similar-
ity in the behavior of iodosobenzene and the hypohalites
and reported the first example known to us of a Hofmann-
like rearrangement using a two-electron oxidant other than
positive halogen. This communication describes some of
our efforts to explore the scope and limitations of the rear-
rangement as a practical synthetic method.

As was reported in the preliminary communication,® the
rearrangement can be run very rapidly in dimethylformam-
ide solution in such as a way as to permit isolation of the
intermediate isocyanate (2) or to proceed directly via acid
hydrolysis to the amine hydrochloride (4). However, for
many amides isolation of 2 is tedious, if not difficult,® and
acid-catalyzed hydrolysis of 2 without isolation may result
in lower yields of 4 than may be obtained by the less direct
routes described here. Nevertheless, the use of dimethyl-
formamide is very advantageous in those rearrangements
involving a subsequent reaction with an amine to form a
urea® (5) or a subsequent cyclization of the isocyanate



