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Abstrmct-A series of substituted morpholin-2-ones has been synthesized, and their ‘H NMR spectra 
interpreted in terms ofa half-chairconformation. The effect ofdifferent solvents on the spectra is discussed. 

WORK aimed at establishing the conformation of Wactones has been described in 
several recent communications. The results” ’ of crystal structure analyses are in 
accord with a planar C-CO-O-C group, and Mathieson3 inferred that the presence 
of this group in a (j-membered ring produced a boat conformation. Later work4 
indicates that &lactones normally adopt the half-chair conformation, and a correla- 
tion between the carbonyl stretching frequency in solution and the presence of the 
half-chair and half-boat conformations in the crystal has been made. ORD data 
have been interpreted5 as supporting a boat conformation for Glactone ring. More 
recently, 6* ’ the PMR spectra of some substituted valerolactones and of some steroidal 
ketones have been reported, and the vicinal coupling constants obtained are consistent 
with half-chair or slightly flattened half-chair conformations. 

Our interest8 in geminal coupling constants in methylene groups prompted us to 
prepare a series of N-substituted morpholin-2-ones, since in our original survey 
of coupling constants we had no values for the N-CH,--CO-O system. The very 
negative value of Jgo. = - 16 Hz has recently been observed’ for the related 
N---CH2-CO-N system in the two diastereoisomers of I. 

Accordingly, propylene oxide was reacted with a series of primary amines to give 
aminoalcohols (II), and these on treatment with ethyl chloroacetate gave N-substituted 
6-methyl morpholin-Zones (III). In a similar manner, the perhydrobenzomorpholin- 

TABLE 1. PMR SPECTRA OF wrmnmm MORPHOLIN-~-ONES 

COUPLING CON!STANTS (Hz) IN ccl, 

Compound J 3.X’ 3r.q. 

III R = cyclohexyl - 17.4 
III R = benzyl - 17.1 
III R = phenyl - 18.0 
III R = o-OMe - 17.5 
III R = iso-Pr - 17.1 
III R = t-Bu - 17.5 
IV R = benzyl -17.6 
IV R = cyclohexyl - 17.5 

N R = phenyl Singlet 
V Singlet 

J 5.x 5C.q’ J 5u’ 6.S’ J 5.P’ 6u’ J 3oq’ 5cq’ 

-121) 8.3 3.7 1.5 
-12.0 85 3.4 1.4 
- 12.4 92 3Q 0 
- 12.5 8.6 3.4 1.5 
-12.2 8.5 3.0 1.4 
- 12.2 8.2 3.4 1.5 

_- - - - 
- - - 
- - - 
- - 3.1 - 

1.513 
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2-ones (IV) were prepared from cyclohexene oxide and 45 dimethyl 6-phenyl 
morpholin-2-one (V) from ephedrine and ethyl chloroacetate. Table 1 shows the 
observed coupling constants for all the compounds prepared. 
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In the series of compounds III prepared from propylene oxide, Jgon* for the 
N-CH2-C==0 protons varies between - 17 and - 18 Hz, a much more negative 
value than that observed for methylene protons adjacent to nitrogen in piperidine 
derivatives for which the range is - 11 to - 14 Hz..* Lambert et CZ~.‘~ report that 
JBem for the a-methylene group varies with solvents between - 10.2 and - 12.3 Hz 
in piperidine, and between - 11.0 to - 11.4 Hz in N-methylpiperidine. Assuming a 
Barlield-Grant Y-4 type of relationship’ ’ to exist for the effect of the lactone carbonyl 
on the J,, of an adjacent methylene group, the observed J,, of - 17 to - 18 Hz can 
only be reconciled with a conformation in which the C=O group bisects the C3 
methylene. To achieve this stereochemistry and simultaneously to maintain the 
planarity of the lactone grouping, the half-chair conformation (VI) is necessary. In 
support of this, the vicinal couplings between the C5 methylene protons and the C6 
proton are ca. 8.3 and 3.4 Hz The analogous couplings in valerolactones have been 
reported6 as 12.7 and 3rl Hz,. However, the former value is somewhat large for this 
type of vicinal coupling since the dihedral angle in question is less than 180” in a half- 
chair conformation. 

In all the compounds except III (R = Ph) long range coupling (ca. 15 Hz) was 
observed between Haeq, and HSeqS. Although long range couplings involving various 
types of stereochemistry have been reported recently, the maximum effect seems to 
occur when the planar W configuration is present.” This geometry is present in the 
half-chair conformation (VI). The values of Jvier J, and 4J are all consistent with a 
fared conformation with the 6-Me and the N-substituent equatorially orientated, 
rather than a rapidly equilibrating system. The value of J,, for the C5 methylene 
protons is ca. - 12.5 Hz, consistent with conformation (VI) in which the nitrogen 

l J,, is assumed to be negative.. 
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lone pair is axially orientated. A more negative value of J,, would be expected13 
for conformation VI with an equatorial nitrogen lone pair. 
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Alternative boat and half-boat conformations may be ruled out from a considera- 
tion of the values of the coupling constants, particularly of J3c,,,3ruS. For example, 
in the boat conformation (VII) the lactone plane makes a dihedral angle of 0” with 
the C3H and a value of ca. - 12 Hz would be expected for J3eqS 3ax,. In addition the 
geometry of VII is not the favourable one for the observation of a large J3cqSScqS. 
Models of half-boat conformations possessing a planar C-O-CO-C arrangement 
suggest dihedral angles of ca. 30” between the C=O plane and C3H which should 
give rise to values of J3cqS3ax, in the region of - 13 to - 14 Hz 

The perhydrobenzomorpholines IV prepared from cyclohexene oxide were obtained 
as stable crystalline solids, a fact difficult to reconcile with results described in a recent 
notei stating that morpholones, including the N-Ph compound (IV) were sensitive 
to humidity and oxidation, and extremely unstable, decomposing within a few hours. 

Compound IV (R = Ph) showed a singlet for the N-CH,--C=O methylene 
protons at 605 r in Ccl,, whereas IV (R = benzyl) and IV (R = cyclohexyl) exhibited 
the expected quartet. J,, for these latter compounds was within the range - 17 to 
- 18 Hz, as for series III, and again can only be reconciled with a half-chair confor- 
mation (VIII). The value of J,, (-4 to - 6 Hz) quoted14 for the CH,-C==O protons 
in a number of perhydrobenzo morpholin-Zones is inconsistent with a geminal coup 
ling in this type of system.’ Also the observed value of v, for IV (R = Ph) of 1760 
cm-’ (C=O) does not agree with the quoted value14 of 1715 cm-‘. 

vr11 &,& 
H 

IX 

ph 

Compound V was assigned the half-chairconformation IX on the basis of the value 
of 3.1 Hz for the vi&al coupling constant between the C5 and C6 protons, and the 
the known configuration of ephedrine. A singlet was observed for the C3 methylene 
protons in this compound. 
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In both compound V and the series of com~uuds III prepared from propylene 
oxide, the C6 proton appears at very low field, presumably a result of deshielding by 
the CS-C==Q group. Large deshielcfings over an analogous amide plane have been 
observed.’ 5 

FIG. 1. The PMR spgttrum of N-bcazyl6-methyl morphoh-2-one (III, R -_ ben~yl). 

Most of the mo~holinones described in this paper exhibit the carbonyl absorption 
in the IR in the region of 1750 cm-’ in accord with a half-chair conformation.4 Two 
compounds, III (R = Ph)and IV(R = Ph) show the carbonyl absorption at 176Ocm- ’ 
which might be interpreted* as indicating a boat conformation were it not for the 
observed values of the coupling constants for the C3 methylene protons (Table 1). 
For III (R = Ph) JSua 3eqS is only ca. O-5 Hz more negative than for the other compounds 
in the series but evidence of a long range ~upl~g~~~n H3eq’ and H5eq’ disappears. 
However, III (R = OMePh) has very similar coupling constants, including the 4J, 
to all the other compounds III. This suggests that in III (R = Ph) the N lone pair and 
the phenyl ring are coplanar leading to a redistribution of electrons with a resultant 
~atten~g around the N atom and it is this change in geometry which gives rise to the 
small variations in the coupling constants and in the higher value of v&%=0). In 
III(R = OMe) presumably the presence of the ortho Me0 group hinders coplanarity 
of the N lone pair and the aromatic ring, preventing significant distortion of the half 
chair; v,, for this compound is 1750 cm-‘. 
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PMR solvent induced shifts have been the subject of a number of recent papers.16 
For a particular proton, these shifts are dependent on the relative positions in the mole- 
cule of that proton, and any polar sites present. Hence such shifts have potential 
utility in assigning configuration and conformation. However, owing to the immense 
complexity of the subject comparatively little progress has been made in this direction 
in the last few years. 

TABLE 2. PMR SPECTRA OF SUBFTIlUTeD MORPHOLIN-&ONES 

CHEMICAL SHlFl-S (r VALUES) IN ccl,, CDCI, AND BENZENE 

Compound Solvent %cq. T3.I. 75U’ 75tg’ 76u 7M, 

III R = cyclohexyl CCl, 6-60 6.90 7‘73 709 5.60 8.69 
CDC1, 646 6.79 7‘70 N@ 546 8-66 
benzene 4:41 767 8.18 7-59 5.84 8.96 

III R = benzyl CCI, 6.69 7.07 7.84 7.25 5.52 8.74 
CDCI, 6.54 7@0 7.80 7.18 544 8.72 
benzene 671 7.21 8.35 7.70 5.85 9.10 

III R = phenyl CCI, 6.05 6.23 708 6.51 540 8.60 
CDCI, 5.85 6.09 699 640 5.28 8.54 
benzene 6.31 6.47 7.73 7.21 6.05 9.10 

III R = o-OMePh ccl, 6-10 652 7.20 6.65 540 8.67 
CDCI, 5.86 6.34 7.11 6.52 $24 8-59 
benzene 5.95 6-49 7.53 6%’ 5.63 8-85 

III R = isoPr ccl, 666 698 7.79 7.14 5.50 8-70 
CDCI, 6.52 688 7.75 7.10 544 866 
benzene 6-71 7.09 8.18 7.58 5.75 8.96 

III R = t-Bu ccl, 
CDCI, 

- 
660 6.92 7.80 7.10 5.58 8.70 
644 6.78 7.75 7.20 5.47 8.65 
6.63 699 8.18 7.50 5.80 8.95 

IV R = beozyl CCL, 6.63 7.19 - - 

CDCl, 6.48 7.06 - - - - 
benzene 6.53 7.18 - - - 

IV R = cyclohexyl ccl, 6.55 4.83 _ _ _ _ 

CDCI, 6.38 4.68 - - - - 

benzene 6-5 1 4.84 - - - - 

IV R = phenyl CCI, 
CDCI, 
benzene 

singlet at 
6.05 z - - - - 
5.93 7 - - - - 

6.162 - - - - 

V ccl, 671 2.75 9.33 7.05 4.54 7.72 
CDCI, 661 2.70 9.33 6-97 4.43 7.72 
benzene 6-81 3.85 9.59 740 4.68 8.10 
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For aromatic solvents, the observed shifts depend on : 

1. attraction of aromatic solvent to positive dipole(s) in the polar solute molecule, 
associated with mutual orientation of the solute and aromatic solvent, probably 
in a transient 1 : 1 complex. 

2. The diamagnetic anisotropy of the aromatic solvent, which implies shielding 
or deshielding of solute protons, depending on the geometry of the solvent-solute 
association. 

Bhacca and Williams” originally suggested that the positive centre of the solute 
molecule interacted with the x-electron system of the aromatic ring in such a way that 
the negative end of the solute dipole was as far from the ring as possible, consistent 
with a planar association. Later work ‘s showed that observed shifts could only be 
accounted for in terms of a non-planar collision complex. 

PMR solvent shifts in 6-lactones have been very briefly studied ;I9 however, in the 
series of compounds III much more striking solvent shifts are observed. The signals 
arising from the C5 methylene protons appear to move most, 6 CDC13-C6H6 being 
as much as 0.74 (Table 2). The C6H and G--Me signals both move upfield in benzene, 
relative to CDCl, or Ccl,. In contrast, the C3 methylene protons are least affected. 
This is consistent with a collision complex in which the benzene ring is orientated 
away from the negative dipole of the lactone group so that it lies in the vicinity 
of the C5-C6 bond, thus shielding the C5 methylene protons, the C6 methyl and 
hydrogen, but hardly atfecting the C3 methylene. (See X). 

In addition, the PMR spectra of compounds III were run in a variety of aromatic 
solvents and certain regularities can be observed in the results obtained (Table 3). 
A particularly striking shift is produced by pyrrole on both the C5 protons (8cc,,_-pyrrolc 
x 05 ppm), and while realising the number of factors influencing the change of chemi- 
cal shift with solvent, particularly when employing polar solvents, it is tempting to 
correlate this with the electrophilic nature of the pyrrole nucleus. This should lead 
to a close association of the ring with the positive dipole of the O-C=0 group, 
resulting in a greater shielding than is produced by benzene. Thiophene produces 
similar solvent shifts to those produced by benzene whereas 8,--,,-C~H,N values are 
smaller than ZjCCltC6ns values in accord with the repulsion expected between the 
pyridine nucleus and the positive end of the O-C=0 dipole. 

EXPERIMENTAL 

Ah elemental analyses were carried out by Dr. F. Pascher and E. Pascher, Microanalytical Laboratory, 

Bonn, Germany and the Microanalytical Section, University of Reading M.ps are uncorrected. IR spectra 

were recorded on a Perk&Elmer 237 grating instrument, and measured as 02 M solns in Ccl, using 
@2 mm matched cells. The NMR spectra were determined on a Perkin-Elmer R.10 60 MHz spectrometer 

as 10% solns in different solvents, with TMS as internal reference. 

Preparation of N-substituted 6-Me morpholin-2-ones. 
General procedure. Propylene oxide (29 g, 05M) was heated with the appropriate amine (DSM) in an 

autoclave at 150’ for 6 hr. The resulting aminalcohol was distilled in uactw, and heated under reflux with 

ethyl chloroacetate (05M) for 2f hr. The mixture was cooled, basified with Na,CO,aq, and CHCls 

extracted 3 times. The dried (NaxSO,) CHCI, extract was evaporated and the residue distilled. Where 
necessary the crude lactones were purilied by picrate formation, and subsequent recovery of the pure 
lactone by passing the picrate down a short alumina column (Woelm neutral activity l), with acetone 

as eluent. 
N-Cyclohexyl-6-methyl~rpholin-t-one (III, R = cyclohexyl). The aminalcohol (38 g) b.p. 82”/01 mm 

was obtained from propylene oxide (29 8) and cyclohexylamine (49.5 g). N-cyclohexyl&methylmorpholin- 
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TABLE 3. PMR SPECTRA OF ~~B~~JTELI MORPHOLIN-~-ONES 

CHEMICAL SHIFTS (7 VALUES) IN OTHER SOL~ENLS 

Compound Solvent 

I11 R = cyclohexyl pyrrole 6.77 ‘7.16 8.24 765 5.85 9Q5 
thiophene 6.66 7.03 8.11 725 5.74 8.94 
furan 6.56 6.86 7.92 7.33 560 8.82 
CD,CN 6.52 6.85 7.75 7.11 550 8.74 

pyridine 6.43 6.75 7.83 7.18 5.50 8.78 

nitrobenzene 6.50 6.75 7.78 7.14 5.47 8.89 

111 R =benzyl pyrrole 6.82 7.41 8.38 7.73 5.84 9.12 
thiophene 6.72 7.20 8.28 7.63 5.78 9.05 
furan 6.62 7.08 8.12 7.56 5.65 8.95 

pyridine 646 690 7.91 7.32 5.48 8.85 

III R = phenyl pyrrole 6.35 6.62 774 7.13 6.00 9.06 

thiophene 6.14 643 758 706 5.91 9.01 
furan 6.02 630 7.38 678 5.68 8.87 

pyridine 5.67 5.98 7Q8 644 5.38 8.74 

III R = o-OMePh pyrrole 6Q7 670 764 7.08 5.75 902 

thiophene 593 649 7.48 692 560 8.93 

furan 5.92 643 7.33 6.78 5.48 8.82 
pyridine 573 619 7.15 660 5.30 8.75 

III R = isoPr pyrrole 6.79 722 8.29 7.79 5.85 904 

thiophene 6.67 7.07 8.13 7.63 5.71 8.92 

furan 661 698 7.97 7.32 5.60 8.83 
pyridine 647 685 7.88 7.23 5.50 8.78 

111 R = t-Bu pyrrole 666 7.08 8.25 7.57 5.84 9.02 
thiophene 656 695 8.08 740 5.72 8.91 

furan 650 6.88 7.98 7.26 5.65 8.84 
pyridine 636 6.74 7.86 7.16 5.50 8.77 

IV R = benzyl pyrrole 669 7.33 - - - - 

thiophene 647 7.11 - - - - 
furan 654 7.20 _ _ _ _ 
CD&N 663 7.05 - - - - 
pyridine 6.34 6.94 _ _ - _ 

IV R = cyclohexyl pyrrole 
thiophene 

furan 

CD&N 

pyridine 

6.65 6.95 _ _ _ _ 
6,49 6.83 - - - - 
644 6.74 _ _ _ _ 

647 6.75 _ _ _ - 
6.27 6.63 - - - - 

T3.d 3eq’ ‘TM. T5u %oq TNMI 

V pyrrole 6.93 964 7.42 4.81 8.15 
thiophene 6.82 9.59 7.37 4.66 8.09 
furan 6.70 9.45 7.18 4.53 7.9 1 
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2-one was obtained pure by distillation, b.p. lW’/@l mm, yield 174 g vz 1750 cm-’ (c----O), n&” = 
i-49225. The picrate m.p. 191-193” (dec) from EtOH was prepared for analysis. (Found : C, 4893; H, 503; 
N, 1311. C1,HtZOPN4 requires: C, 47.88; H, 5.20; N, 13.14%). 

N-Benzyl-6-meihylmorpholin-2-one (III, R = benzyf). The aminoalcohol (53 g) b.p. 110-126°/02 mm 
was obtained from propylene oxide (29 g) and benzylamine (535 g). Distillation of the final mixture yielded 
a product b.p. 132-134”/@15 mm, yield &5 g, which the NMR spectrum prove-d to be a mixture of the 
required lactone, and possibly unreacted aminoalcohol, present in approximately equal proportions. 
The calculated amount of picric acid in EtOH was added to a soln of the mixture (21.5 g) in EtOH. The 
resultant oil solidified within 24 hr. and was recrystallized twice from EtOH to give pure picrate, m.p. 
l?O-171”. yield 216 g. (Found: C, 49.86; H, 454; N, 12.63. C,sH,e09N, requires: C, 49.77; H, 4.18; 
N, 12.90%). A slurry of the picrate (13 g) in acetone was passed down an alumina column. After removal 
of acetone, the soln was distilled to give N-benzyl-6-methylmorpholin-2-one as a clear liquid, b.p. 130”/ 
005 mm, yield 34 g; v$$ 1750 cm-’ (C=O); nA4’ = 1-52893. 

N-PkenyI-6-metkylmo~pkpitolin-2-one (III, R = pltenyf). The a~n~cohol (33 g) b.p. 108-114”/@2 mm 
was obtained from propylene oxide (29 g) and aniline (46-S g). After heating with ethyl chloroacetate, 
and working up as before, the mixture was distilled The highest boiling fraction, b.p. 130-138”/@09 mm 
gave white crystals m.p. 67” from &OH, yield 15 g; v,, “‘I 1760 cm-’ (C=O). (Found: C, 69%; H, 682; 
N. 7.29. C, ,H,302N requires: C. 6909: H. 6.85; N. 7.33%). 

N-Orthomethoxyphenyl-6-methylmorpholin-2-one (Ill, R = o-OMepheny?yl). The aminoalcohol (47.5 g) 
b.p. 1 lO-130”/0.7 mm was obtained from propylene oxide (29 g) and o-anisidine (61.5 g). After heating 
with ethyl chloroacetate and working up, the mixture was distilled. The highest boiling fraction, b.p. 
MO-150”/0.125 mm gave white crystals m.p. 83” from EtOH, yield 16 g. (Found: C, 65.01; H, 7%; N, 
6.14. C,zHIsO,N requires: C, 65.14; H, 6.83; N, 6.33%); vs 1750 cm-’ (C==O). 

N-Isopropyl-6-methylmorpholin-2-one (III, R = isopropyl). The aminoalcohol (37 g) b.p. 50-96”/05 mm 
was obtained from propylene oxide (29 g) and isopropylamine (295 g). The crude lactone (21 g) b.p. QO- 
120”,&2 mm formed picrate (16g)m.p. 145” from EtOH. (Found: C, 43-59; H,4-70; N, 14.51. C,4H,BOPN4 
requires : C, 43-52 ; I+, 4.70; N, 1450”/,). A slurry of the picrate (20 g) in acetone was passed down an alumina 
column as before, and N-~opropyl-~methylmo~holin-2-one b.p. 7~76O/~OS mm obtained by distillation, 
yield 4.5 g; nh4:’ = 146124; vz 17% cm-’ (C=O). 

N-t-Butyf-6-methyImorphofin-2-one (III, R = t-Bu). The aminoalcohol (38 g) b.p. 6&90”/04 mm was 
obtained from propylene oxide (29 g) and t-butylamine (365 g). The crude lactone b.p. 92-lOO”/@S mm 
gave picrate(44.8 g) 0n.p. 196” (dec) from EtOH.(Found: C,45*15; H, 4.91; N, 14.14. C,sH,,O,N,requires: 
C, 45GO; H, 504; N, 14GOo/,). N-t-butyl 6-methylmorpholin-2-one (4.6 g) b.p. 73”/0.5 mm was obtained 
from the picrate (20 g) as before; I&~:’ = 146401 vz 1745 cm-’ (C=O). 

Preparation of N-substituted perhydro-l,4-ben-omorpholin-2snes 
N-Benzylperhydrobenzomorpholin-2-one (IV, R = benzyl). A mixture of benzylamine (21.4 g, 0.2M) 

and cyclohexene oxide (196 g, 0.2M) was boiled under reflux for 16 hr, cooled and ethyl chloroacetate 
(306 g, 025M) added. The mixture was refluxed for a further 2 hr, cooled, basified with Na,CO,aq, and 
CHCl, extracted 3 times. T’he dried (Na,SO,) CHCl, extract was evaporated, and the residue distillat 
The fraction b.p. 137-140*/O-2 mm gave white needles m.p. 91” from EtOH, yield 20 g; vz 1753 cm-’ 
(C==O). (Found: C, 7351; H, 771; N, 569. C,gHLPOZN requires: C, 7344; H, 7.81; N, 571%): J,, for 
benzyl protons - 138 Hz (CCIJ; s values for benzyl protons in CCL: 6.02,6,94. 

N-Cyclohexyl~rhydrobe~zo~rpho~i~-2-one (IV, R = cyctohexyf). This was prepared as above from 
a mixture of cyclohexylamine (19.8 g, 02M) and cyclohexene oxide (196 g, 02M). After evaporation of 
the CHCl, extract, the mixture was filtered to remove the solid prffent. The filtrate was distilled and the 
fraction b.p. 1%160”/1 mm gave white crystals mp. 62” from EtOH, yield 15 g; vz 1753 cm-’ (C=O). 
(Found: C, 7083; H, 9.62; N, 5.76. C,,H,,O,N requires: C, 70.85; H, 9.77; N, 590%. 

N-Phenylperhydrobenzomorpholin-2-one (IV, R = Ph). Aniline (l&8 g, 02M) and cyclohexene oxide 
(19.6 g, @2M) were heated under reflux for 3 days. The resulting aminoalcohol was distilled in uacuo, 
b.p. 130”/07 mm, yield 31 g This was refluxed for 2 hr with ethyl chloroacetate (41 g) and the mixtu- 
worked up as before. The highest boiling fraction 160-164’/08 mm, gave white crystals m.p. 66-67” 
from EtOH, yield 4 g; vz 176Ocn-’ (C=O). (Found: C, 72.71; H, 7.27; N, 6@8. Ct4H,,0zN requires: 
C, 72.70; H, 7.41; N, 6.06%). 

4.~~i~t~yf~p~eny~~rp~ofin-2-one (V). Ephedrine (10 g) and ethyl chloroacetate (15 g) were heated 
under reflux for 4 hr; soln cooled, filtered, basified with Na,CO,aq, CHCl, extracted; dried (NazSO.) 
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and distilled after removal of CHCI,; fraction boiling 131”/04 mm collected. (Found: C, 7023; H, 7.72; 
N, 6.84. CiIH,~NO, requires: C, 7@22; H, 7.37; N, 6.82%); d6’ = 1.53848; vz 1755 cm-’ (C=‘O). 

Acknowledgement-We express our thanks to Mrs. S. 1. Judd who ran the IR and PMR spectra. 
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