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The proton coupling constants and particularly chemical shifts of a series of 1-alkylazetidines,
l-alkylazetidin-3-ols, 1-alkyl-3-methylazetidin-3-ols, and C-methylazetidines are rationalized in

terms of a conformationally mobile, non-planar azetidine ring. Preferred conformations for these

compounds are discussed.

Introduction.

Other papers in this series have dealt with confor-
mational analysis of 1-alkyl-3-(p-phenylbenzoyl)azetidines
(1, 2, 3) (2,3). Proton coupling constants obtained from
the pmr spectra of l-alkyl-2-phenyl-3-(p-phenylbenzoyl)-
azelidines (1, 2) seemed indicative of a non-planar azetidine
ring (3).
assignment of a preferentially anti relationship (2) between
the N-alkyl and the 2-phenyl substituents, while the exami-
nation of molecular models indicated these substituents

Van der Waals dispersion effects allowed the

are preferentially oriented at the anti-psendoequatorial
positions of 1 and 2.
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The pmr spectra of the l-alkyl-3-(p-phenylbenzoyl)-
azetidines (3) were rather complex (2), as the C-3 and
C-2,4 ring protons had nearly identical chemical shifts.
As the N-alkyl substituent was varied, variations in the
chemical shifts of the C-2,4 protons were observed, which
were assigned Lo intramolecular van der Waals dispersion
effects. Fxamination of molecular models and a compari-
son of the pmr spectra of these compounds with the
corresponding trans-azetidines (2) allowed the assignment
of the preferred conformation to the l-alkyl-3-(p-phenyl-

benzoyl)azetidines (3). Thus it was suggested (2) that the
N-alkyl and the 3-aroyl substituents occupy syn-pseudo-
equatorial positions.

Vigevani and co-workers (4) have concluded from
temperature effects on the chemical shifts of ring protons
that 3,3-disubstituted azetidines (4) are non-planar and are
undergoing rapid conformer interconversion.  Thus it
appears as though the above azetidines (1, 2, 3, and 4)
may be regarded as conformationally analogous to non-
planar cyclobutanes (5) rather than planar, or nearly so,
oxetanes (6).

Ph . L
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N VNN CH,
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The reported synthesis (7a) of 2,5-methanopiperidine,
where the azetidine ring cannot be planar, is evidence that
the azetidine ring need not be planar. Indeed, Carreira
and Lord (7b) observed bands in the infrared spectrum
of Ba which were assigned to nitrogen inversion in a
non-planar ring.

Results.

[t became of interest to extlend our investigations Lo
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less substituted azetidines (5a-j, 6a,b) in an effort to
investigate the generality of non-planarity. It seemed
that the most obvious method (2,3,8) would involve
comparison of vicinal proton coupling constants obtained
from the pmr spectra of the compounds. There are few
systemaltic reports (2,3,9,10) in the literature of the pmr
spectra of azetidines, and those (9,10) for simple systems
give values of 6.5-7.4 Hz for vicinal coupling constants,
regardless of cis or trans coupling. Significant variation
in the coupling constants for the cis and trans protons of
5a-g and 6a,b was likewise absent.
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In view of the sensitivity of proton coupling constants
to the presence of nearby heteroatoms (11,12) we are
hesitant to suggest magnitudes for dihedral and geminal
angles on the basis of coupling constants. Chemical shifts
(Table II) seem to give a more definitive insight into the
preferred conformation of these systems, however.

The configurations of the cis and trans-2,4-dimethyl-
azetidines (6a,b) are assigned quite easily, and independ-
ently from the conformations of these molecules. Regard-
less of whether the conformation involved is a planar ring
or a rapidly inverting puckered one (13), the methylene
protons at C-3 of the trans isomer are equivalent, whereas
the methylene protons at C-3 of the cis isomer are not.

Discussion.

The chemical shifts of the ring protons at C-2 and C-4
of the l-alkylazetidin-3-ols are seen to be sensitive func-
tions of the steric requirement of the N-alkyl substituent
(2,3). Any shielding or deshielding exerted upon these
protons is a combination of the anisotropy of the C-0, C-C,
and C-H bonds (15); effect of the nitrogen lone-pair of
electrons (16); and intramolecularly induced van der
Waals dispersion effects (17,18).

Methyl groups have been shown to shield (15b-¢,19)
cis-vicinal protons more than the corresponding trans
protons. Thus the C-2 (and C-4) protons of 5d which are
shielded with respect to the corresponding protons of 5a

TABLE 1

Proton Coupling Constants of Some Azetidines (a)

R
R3 2 CH3
I: NR, NH
CH
5 6
R, R, R;
a. H H H a. cis
b. t-C4Hg H H b. trans
C. CGHI 1 H H
d. H CHj H
e. t-C4Hg OH H
f. CeHyy OH H
a. CH(Ph), OH H
h. H CHj CH,3
i. t-C4H9 OH CH3
i CeH i OH CH,
Azetidine a3
5a 7 (¢)
1-Et 7.4 (e)
1-n-C4Hg 7.4 (e)
5b 7.65, 6.44 (1)
5¢ 7
bd 7 (c¢)
5e 6.1,6.2 (h,i)
bf 7
5g 6.0
l-i-C3H7-3-OH ca. 65
}-neo-CsH; ;-3-OH ca. 7
6a 7 (¢)
6b 7 (¢)

J22 (b) J33(b) Ref.
(d) (d)
(d) (d)
(d) (d)
7.45 (f.g) 10.0 (f.g)
(d) (d)
7
65(h) ...l
7.
60 .
ca. 65 ... 10
ca. 7 i 10
------ 10

(a) Unless otherwise indicated spectra were determined in ca. 5% (w/v) deuteriochloroform solutions. (b) This coupling is probably
negative. (c¢) Determined in carbon tetrachloride solution. (d) Not determined. (¢) Presumably in benzene solution--see reference 9.
(f) Values used in computer simulation. (g) This coupling constant is negative. (h) Computer simulation of band positions was exact,
however band intensities were not in exact agreement with experimental intensities. (i) Long range coupling constant between non-equi-

valent H-2 and H-4 is 1.8 Hz.
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TABLE 11

Chemical Shifts (a) of Ring Protons of Some Azetidines

Azetidine H, Hj Ref.
Ba(b) 212 140
5b 190.7 116.5
5c 190 120 (¢)
5d (b) 214,190 160
l-nco-CsHy-3-OH 221, 165 265 10
1-i-C3H4-3-OH 211,170 261 10
be 203, 180 262
5f 215,170 265
59 207,170 265
5h(b) 198 ---
5i 191
5§ 189 ---
6a (b) 224 140, 90
6b(b) 230 117

(2) Unless otherwise indicated spectra were determined in ca. 5%
(w/v) deuteriochloroform solutions; chemical shifts are reported
in Hz downfield from internal standard, tetramethylsilane, with
respect to a60 MHz field. (b) In carbon tetrachloride. (c) Partially
obscured by the cyclohexyl resonance.

may be assigned as cis to the methyl group. Only one of
the C-3 protons (the proton cis to both methyl groups)
of 6a is shiclded with respect to the C-3 protons of 5a,
while both C-3 protons of 6b are shielded.

Hydroxyl groups have been shown to shield (15¢,20)
cis vicinal protons and to deshield (20,21) trans vicinal
protons. Thus the C-2 (and C-4) protons of the l-alkyl-
azetidin-3-ols which are shielded with respect to the
corresponding protons of 5b or 5¢ may be assigned
as cis to the hydroxyl group.

The variation in the chemical shift of the C-2 protons
of the l-alkylazetidin-3-ols, with the variation of the
N-alkyl substituent, may be ascribed to dispersion effects
(vide supra). Thus the C-2 (and C-4) proton (the more
shielded proton) which is shifted to lower field when
bulkier N-alkyl substituents are present may be assigned
as syn (3) to the N-alkyl substituent, and those which
shift to higher field when bulkier N-alkyl substituents
are present may be assigned as anti to this substituent (3).
It should be noted that this assignment places the 1-alkyl
and the 3-hydroxy substituents on the same side of the
ring in the preferred (but probably not fixed) conforma-
tion (7¢) of the molecule. A similar molecular conforma-
tion was found for the l-alkyl-3-(p-phenylbenzoyl)aze-
tidines (3) (1).
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7a 7b

There are two conceivable factors which would tend to
orient these substituents in the syn conformer (7a).
Dipole-dipole interaction between the oxygen atom and
the syn nitrogen lone-pair in the anti invertomer (7b) would
be expected to destabilize 7b with respect to 7a. However,
if the ring were non-planar one would expect a confor-
mational preference for 7a, since both 1,2- and 1,3-
interactions would be minimal.

In an effort to distinguish between these two factors,
5i and 5j were prepared and their spectra recorded. 1f
invertomer 7a were favored due to dipole-dipole inter-
actions, one would anticipate that 5i and 5j would prefer
to exist with the N-alkyl and the 3-hydroxyl substituents
also syn (probably even to a greater extent than the
l-alkylazetidin-3-ols prefer 7a). Thus dispersion induced
shielding and deshielding should be observable on the (-2
and C-4 protons of 5i and bj. If, however, 7a were
favored due to non-planarity of the azetidine ring, little
or no conformational preference for either 8a or 8b
should be expected--methyl and hydroxyl substituents
have been shown (22) to have nearly the same spacial re-
quirements. Thus by analogy with 5b and 5c, dispersion
effects should be negligible. Indeed, the data in Table 11

seems to indicate the latter.

OH OH
i =1
N N
\R . \\R
8a . 8b

It was suggested in another report (2) that protons which
are preferentially pseudoaxial at C-2 and C-4 absorb at
higher fields than do corresponding pseudoequatorial pro-
tons (20,23). The smaller upfield shift of the resonance
frequency for the ring methylene protons of 5h, compared
with that observed for protons cis to the methyl substituent
of 5d is evidence for a non-planar conformational prefer-
ence (24) for 56d.

[t seems unlikely (15b,c) that the shielding effect of a
methyl group trans to a proton should not cause an
upfield shift in the absorbance of that proton as well as,
but probably to a lesser extent than, the cis proton.
Since the vicinal protons trens to the methyl groups in
5d and 6a would be expected to possess a conformational
preference for the pseudoequatorial position, this effect
should cause a deshielding of this proton--it would spend
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The fact that the chemical
shift of the proton trans to the methyl substituent is
rather insensitive Lo the methyl substituent in these com-
pounds (5d and 6a) can be rationalized in terms of a for-
tuitous eancelling of these effects.

less lime as pseudoaxial.

The fortuitous cancelling of the effects of methyl and
hydroxyl substituents observed on the cis and trans C-2
and C-4 protons of 5i and 5j may likewise be attributed
in part to the lack of a distinetly preferred conformation
(except for possibly a planar ring) for these compounds,
since the resonance frequencies are distinctly different
for 6d-6h where a non-planar conformational preference
is suggested.

The data for 5a, Bb, B¢, Bh, 5i, 5j, and 6b are not
clearly indicative of a non-planar ring. The proton coup-
ling constants for these compounds are difficult to ration-
alize in terms of a planar ring, but do not necessarily
exclude this possibility. Since the non-planarity of the
methylazetidines (5d and 6a) and the 3-hydroxyazetidines
scems to stem primarily from |, 2-eclipsing interactions we
tentatively suggest that these interactions should likewise
result in non-planarity for 5b, B¢, 5h, 5i, 5j and 6b.
These compounds would, however, lack a preferred, or at
least distinctly preferred, conformation.

EXPERIMENTAL (25)

The syntheses for 1-t-butylazetidine (9) (5b), l-cyclohexyl-
azetidine (5¢), 1-t-butylazetidin-3-ol (5€), (10) and 1-cyclohexyl-
azetidin-3-ol (5f) (10) have been reported elsewhere (2).

General Method for the Preparation of N-H Azetidines 5a, 5d,
6a, 6b.

To one equivalent of the appropriate propane-1,3-dihalide or
propane-1,3-diol ditosylate in ca. 10 volumes of 95% ethanol
was added a solution prepared from one equivalent of p-toluene-
sulfonamide and one equivalent of either potassium hydroxide or
sodium hydroxide in the minimum volume of water. The solu-
tion was stirred and brought to reflux. Upon becoming neutral
(12-36 hours) an additional equivalent of alkali metal hydroxide
was added and reflux continued until neutral (24 hours-one month).
The solvent was removed in vacuo, the residue made basic
with excess 10% aqueous alkali metal hydroxide, and extracted
with chloroform. The chloroform was removed in vacuo, and the
residue was crystallized from aqueous ethanol. The resulting
1-p-toluenesulfonylazetidines were reduced by sodium in n-pentanol
to the free bases as described by Vaughan, et al. (26).

The spectra were determined on material collected by pre-
parative gas chromatography.

1-p-Toluenesulfonylazetidine (9).

From 269.4 g. (1.33 moles) of 1,3-dibromopropane and p-
toluenesulfonamide was obtained 116.8 g. (41.8%) of 9 as white
crystals, m.p. 119-121° (lit. (26) m.p. 119-121.5°).

Azetidine (5a).

From 36.5 g. (0.173 mole) of 9 and 73.2 g. (3.19 g.-atom) of
sodium in 1000 ml. of refluxing 1-pentanol was obtained 3.30 g.
(34%) of 5a, b.p. 63° (lit. (26) b.p. 61-66°).
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1{p-Toluenesulfonyl)-3-methylazetidine ( 10).

A dry stream of air was slowly passed through 181 g. (2.0
moles) of 3-chloro-2-methylpropane at 0-5° for 30 minutes. The
cooled, stirred solution was then subjected to a stream of anhydrous
hydrogen bromide until hydrogen bromide was no longer absorbed
(10 hours). The solution was then washed with an equal volume
of water, 10% aqueous potassium carbonate, again with water, and
finally dried (sodium sulfate).

Distillation gave 61.5 g. (18%) of 3-chloro-1-bromo-2-methyl-
propane, b.p. 53-54° at 20 torr.; nmr (neat): 4H (triplet), 7 4.50
(J = 6 Hz); 1H (multiplet), r 3.83; 3H (doublet), v 2.20
() = 7 Hz).

From 61.5 g. (0.36 mole) of the above chlorobromide on
reaction with p-toluenesulfonamide followed by cyclization with
base was obtained 55.0 g. of viscous oil. Alumina chromatography
(Grade I11, neutral) with petroleum ether-ether as eluant on a small
portion gave an analy tical sample of 10, m.p. 50-51°.

Anal. Caled. for CyH{sNO,S: C, 58.07; H, 6.67; N, 6.22;
M. W. 225. Found: C, 58.68; H, 6.52; N, 6.07; M. W. 2255

(osmetric).
3-Methylazetidine (5d).

From 16.2 g. (0.072 mole) of 10 in 600 ml. of refluxing
I-pentanol and 32.0 g. (1.39 g.-atom) of sodium was obtained 2.97
g. (58%) of 5d, b.p. 74-75°.

Anal. Caled. for C4HgN: M. W, 71. Found: M. W. 71 (mass
spectrometric).

2,4-Pentanediol Ditosylates (11).

To 10.0 g. (0.096 mole) of the meso and d,i-threo-2,4-
pentanediols (27) in 100 ml. of dry pyridine at 0° was added
42.0 g. (0.22 mole) of p-toluenesulfonyl chloride. The solution
was maintained at 0° for 2 hours and then allowed to warm
to room temperature overnight (12 hours). The mixture was then
cooled to 0° and 5 mb of water added. After 5 minutes the solu-
tion was carefully added to 100 g. of iced water. Two recrystal-
lizations from 95% ethanol afforded 12.73 g. of 11, m.p. 130-132°,

Recrystallization of the crude product from benzene gave m.p.
133-135°(lit. (16¢) m.p. (meso) 135.5-136°; (threo) m.p. 91-92°).

cis and trans-1{p-Toluenesulfonyl)-2,4-dimethylazetidines (12).

These compounds were prepared in 14% yield from 2,4-
dichloropentanes (27) and in 17% yield from dibromopentanes
(27). The ratio of cis 12 to trans 12 was 3:2 in either case.
Likewise 11, when recrystallized from benzene, gave a 17% yield
of 12, with a cis:trans ratio of 3:2 (as determined by glc). When
the ditosylate (11) from ethanol crystallizations was used the
cis:trans ratio was 19:1, yield 17%. 3:2 mixture: m.p. 126-134°;
19:1 mixture: m.p. 140°.

Anal. Caled. for C{,H7NO,S: C, 60.22; H, 7.31; N, 5.85;
M. W. 239. Found: C, 60.36; H, 7.07; N, 5.96; M. W. 245
(osmetric).

2,4-Dimethylazetidines (6a and 6b).

From 10.57 g. (0.0442 mole) of 12 in 350 ml. of refluxing
l-pentanol and 18.7 g. (0.813 g.-atom) of sodium was obtained
2.935 g. (78%) of the cis and trans-2,4-dimethylazetidines (6a and
6b), b.p. 78-81° (750 torr).

Separation of 6a and 6b.

These compounds were separated on a 6 ft. column of 10%
Silicone Grease on Chromosorb W. Helium flow rate was 43.5 ml.
per minute oven temperature was 30°, injector temperature was
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79°, and detector temperature was 251°.  Relative retention
times were 1:1.2 for 6@ and 6b respectively. Mass spectrometry
indicated molecular masses of 85 for both 6a and 6b (caled. M. W.
for CsHy N is 85).

3-Amino-2,2-dimethylpropanol (13).

To a stirred solution of 40.5 g. (1.07 moles) of lithium aluminum
hydride in 300 ml. of ether was added a solution of 30.0 g.
(0.213 mole) of ethyl o,a-dimethylcyanoacetate in 100 ml. of
ether at such a rate as to maintain a gentle reflux. Upon
completion of the addition of the cyanoacctate the mixture was
refluxed for 6 hours. Upon cooling, 77 g. of water (4.85 moles)
was added cautiously. The mixture was dried over sodium sulfate
and filtered; the residual salts being washed with cther. The
combined ether solutions were evaporated to yield 9.65 g. (44.4%)
of crude 3-amino-2,2-dimethylpropanol (13).

Dimethyl N-(3-Hydroxy-2,2-dimethylpropyl)»li,.‘i’-amino-dipropio~
nate ( 14).

"This compound was prepared by a modification of the synthesis
of Wadsworth (28). The crude 13 (9.65 g., 0.0947 mole) was
dissolved in 150 ml. of methyl acrylate containing 0.1 g. of
1,3-dinitrobenzenc.  After 12 hours of refluxing, the solvent
was removed in vacuo leaving 18.85 g. (72%) of crude 14.

Dimethyl N{3-Chloro-2,2-dimethylpropyl )-3,3'-imino-dipropio-
nate (15).

The crude 14 was treated with 7.1 g. (0.068 mole) of thionyl
chloride (27) in 10 ml. of chloroform and 5 drops of N,N-
dimethylformamide at 25°.  The mixture was stirred for 30
minutes and poured into excess aqueous sodium bicarbonate solu-
tion. An additional 50 ml. of chloroform was added; the chloro-
form layer was separated and dried (sodium carbonate). Evapora-
tion of the solvent in vacuo yielded 20.0 g. (99%) of crude 15.

1{2-Carbomethoxyethyl)-3,3-dimethylazetidine (16).

Crude 15 (20.0 g., 0.0681 mole) was mixed with 40 g. of
sodium carbonate and 200 g. of copper shot. The mixture was
heated at 165-205° at 20 torr. The crude distillate (16) weighed
3.27 g. (28%).

3,3-Dimethylazetidine (Sh).

The crude 16 (3.27 g., 0.0191 mole) was mixed with powdered
potassium hydroxide (2.40 g., 0.043 mole). Upon standing for
5 hours at room temperature a distinct amine odor was observed.
The mixture was heated to ca. 270° while the 3,3-dimethylazetidine
and methanol distilled. From preparative gas chromatography was
obtained 1.23 g. (76%) of Bh, b.p. 91-92° (lit. (29) b.p. 90-92°).

I-Benzhydrylazetidin-3-ol (5g).

To a solution of 9.25 g. (0.10 mole) of epichlorohydrin in 50
ml. of methanol was added 18.3 g. (0.10 mole) of benzhydrylamine.
The solution was stirred for 3 days at room temperature and then
refluxed for 3 days. The methanol was evaporated in vacuo, yield-
ing a gummy yellow residue. Ether was added and the mixture
extracted with aqueous potassium hydroxide. The ethereal extract
was dried over magnesium sulfate. Evaporation of the ether
gave a yellow oil which partially crystallized. Recrystallization
from Skellysolve B-ether gave 3.02 g. of 5g as white crystals, m.p.
113-115° (lit (30) m.p. 115°).

1-1-Butyl-3-methylazetidin-3-ol (5i).

To a stirred solution of 6.13 g. (0.057 mole) of 3-chloro-2-
methyl-1,3-epoxypropane (31) in 25 ml. of methanol was added
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4.20 g. (0.057 mole) of t-butylamine. The solution was stirred
for 3 days at room temperature, and then refluxed for 3 days.
The methanol was removed in vacuo, and the resulting oil taken
up in 150 ml. of ether and 100 ml of 20% sodium hydroxide.
The ethereal solution was dried over sodium carbonate and distilled
yielding 2.70 g., 32% of bi, b.p. 63-64° at 2 torr, which was
analyzed as its picrate, m.p. 170-172° (benzene-ethanol).

Anal. Caled. for Cy4H,oN4Og: C,45.16; H, 5.36; N, 15.05.
Found: C, 45.27; H, 5.27; N, 14.88.

1-Cyclohexyl-3-methylazetidin-3-ol (5§).

To a stirred solution of 10.5 g. (0.099 mole) of 3-chloro-2-
methyl-1,2-epoxypropane (31) in 10 ml. of dimethylsulfoxide
was added 9.6 g. (0.099 mole) of cyclohexylamine, the tempera-
ture being maintained at 20° for 24 hours. The solution was then
heated at 50° for four days. Dilution with aqueous sodium
hydroxide solution yielded a yellow oil. The mixture was extracted
three times with ether, and the combined ether extracts were dried
over sodium hydroxide. Distillation gave 5.07 g. of yellow oil.
Redistillation gave 4.70 g. (28%) of 5j as a colorless, liquid; b.p.
75-76° at 0.01 torr.

Anal. Caled. for CyoH oNO: M. W, 169. Found: M. W., 169
(mass spectrometric).
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