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Hydrogenation was continued until the originally dark 
orange mixture became a pale yellow solution. At this point 
1%13070 of the calculated amount of hydrogen had been 
absorbed. The catalyst was filtered and the ethanolic fil- 
trate was evaporated in vocw). The yellow residual solid was 
dissolved in 10 ml. of benzene and the solution was placed 
on a J/,' x 18' alumina column. The column was eluted 
with petroleum ether (b.p. 30-60") (100 ml.), 100 ml. of 
20% benzene in petroleum ether (b.p. 30-60"), and finally 
with 100 ml. of 50% benzene in petroleum ether (b.p. 30- 
60"). The first fraction was cut a t  the first sign of yellow 
coloration in the eluate. A strongly yellow colored second 
fraction was obtained by further elution with benzene. The 
second fraction was concentrated in uaeuo to give a yellow 
solid, which was recrystallized from ethanol to give 0.3 g. of 
yellow plates; m.p. 186-195". An infrared spectrumindicated 
this material was mostly recovered I-b. 

The first fraction was concentrated an vac~u) to give 1.7 
g. of an almost colorless residue, m.p. 80-83" after recrystal- 
lization from aqueous ethanol. The colorless cry&als were 
sublimed a t  78" and 0.3 mm. to give a small amount of 
sublimate, m.p. 97-100". The melting point of this sample 
was not depressed by mixture with lO,lldihydro-5H- 
dibenz[b,f]azepine. The material which did not sublime 
was recrystallized from aqueous ethanol to give 1.55 g. of 
colorless crystals, m.p. 84.5-86". (111-c.) 

A n d .  Calcd. for C1,HmNC1: C, 73.20; H, 5.27. Found: 
C, 72.73, 72.62; H, 5.39,5.28. 

3 - C h h o  - 10,il - dihydro - (3 - dimeihylaminopzopyl) - 6H- 
dibenz[b,f]azepine (1114). Alkylation waa accomplished 
essentially as described above for the preparation of 5-(3- 
dimethylaminopropy1)dibenz [b,f]szepine. Toluene was used 
as the solvent, and the crude free base waa not chroma- 
graphed, but was distilled; b.p. 160-170" at 0.3 mm. The 
hydrochloride waa recrystallized from acetone-et.her and 
then from methanolether to give a 75% yield of colorless 
crystals; m.p. 189-190". 

A d .  Calcd. for Cl&CIN.HC1: C, 64.93; H, 6.89. 
Found: C, 64.66; H, 6.96. 
3-Chloro-643-dime#aylumiwpropyl)-6H - dibenzp, f lazepinc 

(I-d). Alkylation of 3-chloro-5H4ibem[b,f]azepine was 
carried out as described above for the alkylation of 5H- 
dibenz[b,f]azepine. Toluene was used as the solvent, and 
instead of chromatography, distilIstion was used to purify 
the free base of the product; b.p. 168-176" a t  0.4-0.5 mm. 
The maleate was formed in ethyl acetate and was recrystal- 
b e d  three times from acetoneether to give a 45% yield 
of yellow crystals; m.p. 124.5-125.5". 

Anal. Calcd. for ClJ3&1N&EI,0,: C, 64-40; H, 5.88. 
Found: C, 64.01; H, 6.01. 

lO,ll-Dihydro-6-[5-(.&methyl- 1 -p*perazinyl)propyl] -6H- 
dibnzz[b,f]azepine (IIIe). The alkylation mered from that 
described above for the alkylation of 5 H - d i h  [b,f lazepine 
as follows. Toluene waa used as the solvent, and the alkyla- 
tion required 12 hr. The free base was purified by distillstion; 
b.p. 199-212' a t  0.2-0.3 mm. The dihydrochloride was 
recrystallized from methanolether three times to give a 
63% yield of colorless crystals; m.p. 245-2465'. The 
infrared spectrum indicated that a trace of water waa 
present. 

A d .  Calcd. for G ~ H , ; N I . ~ H C ~ :  C, 64.70; H, 7.16. 
Found: C, 62.90; H, 7.82. 

A d .  Calcd. for hemihydrate: C, 63.30; H, 7.73. 
Addendum. Subsequent to the original preparation of this 

paper, two papers have appeared in which the preparation 
of Ia is reported.".U 
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The problem of azetidine synthesis is reviewed, several unsuccdul approaches are dacribed, and a relatively convenient 
method for the preparation of certain azetidines is reported. Cyclization to the azetidine system is conaidered aa a con- 
formational problem. 

Although azetidine (I) and its derivatives have 
been known since the latter part of the nineteenth 
century,' comparatively little work has been done 
on methods of preparation, which in general ap- 
pears to be inherently difEcult, azetidine or an aze- 
tidine derivative often being but a minor wnstitu- 
ent of the reaction products. 

The present work was undertaken because of the 
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R. N. Prssad, J .  Org. Ck., 25, 1583 (1960). 

(2) This work supported by a Research Grant (CY- 
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of Michigan. 

(3) Abstracted in the main from the Ph.D. Dissertation 
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1959. 

(4) S. Gabriel and J. Weiner, Ber., 31, 2669 (1888), 

potentid relationship between azetidine and ethyl- 
enimine as regards "alkylating action," which in 
the latter has generally been credited with its e€- 
fectiveness in certain anticancer agents.K To this 
end it was proposed to prepare azetidine d o g s  of 
various ethylenimine derivatives of known clinical 
use in the wntrol of neoplastic disease. 

It rapidly became apparent that the major bar- 
rier to such a program was the lack of convenient 
syntheses affording a good yield of azetidine itself 
or of its carbon-substituted derivatives. Potential 
approaches are from %metidinones (e. g., Blactams) 
by reduction or from acyclic 3-functionally sub- 
stituted (e. g., halogen, 0-sulfonate) Smines. 

New Ywk A d ,  Sci., 68,667 (1868). 
(5) R. B. Roes, J .  Chetn. Educ., 36,368 (1969). Cy. Ann. 
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Reduction of 2-az.e.ti&umes. In spite of the report 
in 1954' that 1 ,4dipheny1-2-azetidinone undergoes 
lithium aluminum hydride reduction to give 3- 
anilinodihychcinnamyl alcohol, this reaction was 
reinvestigated, but with substantially the same re- 
sults under a variety of conditions. The results are 
of use only as a potential source of 3-minoalco- 
hols for cyclization studies. Hydride reductions of 
1 ,4diphenyl-3,3-dimethyl-2-~tidinone7 also af- 
forded only the analogous acyclic alcohol, while 
high pressure hydrogenation over Fbney nickel af- 
forded 2,2 - dimethyl - 3,N - dicyclohexylpropion- 
amide, which could be recovered unchanged rfter 
fifteen hours refluxing with 25% sodium hydroxide. 

Our experience with 1,4substituted Z-azetidi- 
nones has been confirmed recently by others.wb 
However, it is of considerable interest to note that 
successful reduction of Zazetidinones to azetidines 
by lithium aluminum hydride is possible, provid- 
ing there is no substituent on nitrogen.& 

Cycltjation prdures.  Four general methods 
purporting to yield azetidines by cyclization have 
been reported : (1) dehydrohalogenation of 3-halo- 
~lkylamines~-~~;  (2) reaction of 1,3-dihaloalkanes 
with  amide^'^-'^; (3) reaction of 3-aminoalkyl 
hydrogen sulfates with (4) pyrolysis 
of diamines and related compounds.22 

We have attempted to adapt the dehydrohalo- 
genation of 3-haloalkylamines to the preparation of 
(6) M. E. Speeter and W. H. Maroney, J .  Am. Chem. 

Soc., 76,5810 (1954). 
(7) H. Staudinger and H. W. Klever, Ber., 40, 1149 

(1907). 
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(9) L. Ruzicka, G. salomon, and K. E. Meyer, Heb. 
Chim. Acta. 20,109 (1937). 
(10) F. C. Schaefer, J .  Am. Chem. Soc., 77, 5928 (1955). 
(11) C. Mannich and G. Baumgarten, Ber., 70, 210 
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(12) (a) M. Kohn and J. Giaconi, Monatsh., 28, 461 

(1907). (b) M. Kohn, Munakh., 28, 430 (1907). 
(13) (a) Ger. Patent, 247,144, Chem. Zentr., 1912, 11, 

159. (b) 8. Gabriel and J. Colman, Ber., 39, 2889 (1906). 
(c) A. Litherland and F. G. Mann, J .  Chem. Soc., 1588 
(1938). 
(14) (a) W. Marckwald and A. F. van Droste-Huelshoff, 

Be.,  31, 3264 (1898). (b) J. Hoste and F. Govaert, BuU. 
soc. d i m .  Belges, 58, 157 (1949) [Chem. Abatr., 44, 3454 
(195O)I. 
(15) S. Searlea, M. Tamres, F. Block, and L. A. Quarter- 

man, J. Am. Chem. Soc., 78,4917 (1956). 
(16) C. C. Howard and W. Marckwald, Bet., 32, 2032 

(1899). 
(17) (a) H. C. Brown and M. Gerstein, J .  Am. Chem. Soc., 

72, 2926 (1950). (b) G. D. Jones, J .  Org. Ch., 9, 484 
(1944). (c) D. Klamann and G. Hofbauer, Ber., 86, 1246 
(1953). (d) Ya. M. Yanbikov and N. Ya. Dem'yanov, 
J .  Gen. Clrem. U.S.S.R.. 8. 1545 (1938) IChem. Abstr.. 33. 

Chem., 23,1102 (1958). 
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4583 (1939)l. 
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azetidine itself by way of N-bemylazetidine, which 
proved to be readily debenzylated. The necessary 
starting m a t e d ,  3-N-bemylaminopropanol (11) 
is readily available by catalytic reduction of the 
Schiff base of commercially available 3-amhopro- 
panol. Subsequent conversion of I1 to the O-tosyl- 
ate (111) was realized by the procedure of Cope and 
BurgZa for the mesylation of amino alcohols, but 
the product was dii5cultly separable from accom- 
panying pyridine hydrochloride. The hydrochlo- 
ride of I11 was cyclized using two equivalents of 
sodium hydroxide in the general manner for this 
method, and a 26% yield of N-benzylazetidine (V) , 
isolated as the picrate, was obtained. This repre- 
sents a reasonable yield for an otherwise unsub- 
stituted N-alkylazetidine. Hydrogenolysis dorded 
azetidine. 

We have also applied the cyclization of 3-amho- 
alkyl hydrogen sulfates to the synthesis of N- 
bemylazetidine (V) and obtained but a 5% yield. 
Almost twice the yield was obtained when 3-N- 
bemylaminopropanol was treated with concen- 
trated sulfuric acid followed by alkali, but varisr 
tions in concentrations did not improve the yield. 

In view of the previous results it appeared to us 
that the most favorable conditions for constructing 
the azetidine ring system involved either cycliza- 
tion of a suitable 3-substituted amine (secondary) 
or reaction of a lJ3-dihaloalkane with a sulfonamide 
in the presence of base. Consequently, we turned 
attention to a combination of the best features of 
both procedures. Thus 3-~toluenesulfonamido)- 
propyl p to luendona te  (VI) provides an ideal 
starting point. This substance can be prepared in 
95% yield from commercially available 3-aminu 
propanol, and the analogous 4(ptoluenesulfon- 
amido)-Zbutyl p to luendona te  (VII) can be 
prepared in 66% yield from the corresponding 
aminoalcohol. Under appropriate conditions VI 
and VI1 were cyclized to IV (p-toluenesulfonazeti- 
dide) l6 and ptoluenesulfon-Smethylazetidide 
(VIII) in yields of 80-9395 and 68% respectively. 
In addition N-(3-chloropropyl)methanesulfon- 
amide (E) w&s cyclized to methanesulfonazetidide 
(X) in 67% yield. This is appreciably better than 
the 55% yield of N from N-(3-chloropropyl)-p- 
toluenesulfonamide reported by Searles.16 

The chief problems in cyclization are competing 

(21) (a) H. W. Heine, R. W. Greiner, M. A. Book., and 
B. A. Brown, J.  Am. Chem. Soc., 75,2505 (1953). (3) W. A. 
Reevea, G. L. Drake, Jr., and C .  L. Hoffpauir, J .  Am. Ckm. 
Soc., 73,3522 (1951). 

(22) (a) A. Ladenburg and J. Sieber, Ber., 23, 2727 
(1890). (b) G. Komppa and J. Sevon, Ann. A d .  Sn'. 
F a n -  37A, No. 7, 1 (1933); [ C h .  Abstr., 27, 3914 
(193311. (c) L. Balbiano, Atti crccad. md. Lineei, 1.41, 4, 41 
(1888) ( C h .  Zentr., 1888, 11, 1355), (d) M. Scholtz, Ber., 32, 
2251 (1899). (e) F. J. Govaert, Proc. A d .  Sci. Amtedam,  
37, 156 (1934); [Chem. Aastr., 28, 4038 (1934)]. (f) M. 
Pquiu, Ger. Pat. 713,467 [Chem. Abstr., 38,1533 (1944)). 
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611 (1952). 
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eliminations and dimerization to bisazacyclo-octane 
sulfonamides. The former was negligible in the case 
of the primary tosylates, although recovery of the 
theoretical quantity of sodium chloride from the 
reaction of IX suggested that appreciable dehy- 
drohalogenation may have occurred. Dimerization 
during the cyclization of VI1 became appreciable 
when the concentration of VI1 was increased above 
0.097M; and with VI11 appreciable dimerization 
occurred at  lower concentrations, best yields being 
obtained using high dilution addition technique. 

Having in hand acceptable syntheses of sulfon- 
azetidides, we turned our attention to the pre- 
viously discouraging problem of converting them to 
azetidines. Basic cleavage was found ineffective 
(e. g., potassium ethoxide in toluene*4 as was high 
pressure hydrogenolysis ( h e y  nickel). With lith- 
ium aluminum hydride IV afforded a 10% yield of 
I, but X failed to react. Accordingly, we deter- 
mined to reinvestigate the early report of almost 
quantitative conversion by sodium and amyl alco- 
hol” in spite of later failures to duplicate this re- 
sult.’O* 17 

In the initial report” no special precautions were 
noted, and subsequent investigators gave no ex- 
plicit details. Hoyever, since azetidine boils at 62’ 
and amyl alcohol at  lao, and since a stream of 
hydrogen gas is constantly escaping, it seemed only 
prudent to trap any azetidine which might be car- 
ried out of the reaction. To this end the exit gases 
were passed through dilute sulfuric acid; and 
whether or not this acid was subsequently used to 
extract the free base from the amyl alcohol, I and 2- 
methylazetidine (XI) were obtained in excellent 
yield, while X afforded I in 42% yield. Thus the 
problem seems to have been largely mechanical; 
the free flow of hydrogen entrained the volatile 
azetidine, while forcing the gas through a trap 
served to mitigate such loss. 

DlSCUSSION 

The substance of this investigation is the emer- 
gence of a comparatively convenient route from 3- 
aminopropanols to N-unmbstituted azetidines 
which is in principle limited only by the character 
of the hydroxyl: Le., with a tertiary alcohol, solvoly- 
sis would be expected and the resultant carbonium 
ion will then stabilize vicr solvent capture, depro- 
tonation or “fragmentation” as with the analogous 
3-aminopropyl halides.* It is perhaps surprising, 
though gratifying, that the anions derived from the 
3-sulfonamidopropyl sulfonates do not fragment, 
since the gross conformation appropriate for 
cyclization, as well as conformations derived from 
it by rotation about the C&, bond, are all steri- 

(24) Y. Tskata, J .  Phann. Soe. Japan, 72, 321 (1952); 
[ C h m .  Ab&., 47,2129 (1953)l. 
(25)’C. A. Grob, Experiential 13, 126 (1957); Kekvu 

Synposium, Theodiual Organic Chemistry, Butterworth’s 
Scientific hbhations,  London, 1959, pp. 114-127. 

cally ideal for such a reaction. Failure to observe 
fragmentation with primary tosylates is in large 
part attributable to the greater energy requirement 
for heterolytic cleavage of a primary carbon-oxygen 
bond, but failure to observe it where this bond is 
secondary (VI) must be attributed to a stereoelec- 
tronic situation arising from the great bulk of the 
sulfonyl group which tends to place it conformc~ 
tionally staggered with respect to the substituents 
on Cs (Fig. 1). Thus it occupies the position required 
of an electron pair if the latter is to participate ef- 
fectively in the fragmentation process, which is the 
dominant if not exclusive reaction when stereo- 
electronic conditions are fu1611ed.20 

A. N, X staggered 
B: N, X eclipsed 

C. Large N-substituent 

‘. 

Fragmentation Cyclization 
Fig. 1. Conformations during cycliiation and 

fragments tion 

By applying Grob’s stereoelectronic require- 
ments for fragmentation, one may account for pre- 
vious failures to obtain satisfactory yields of azeti- 
dines from N-unsubstituted 3-halo- or 3-o-sulfon- 
oylpropylamines and for the improvement in yield 
when the nitrogen is substituted. When the nitro- 
gen is unsubstituted the conformations A and B 
(Fig. l), with the r-electrons of nitrogen directed as 
indicated, are comparatively readily realized, and 
fragmentation is to be expected as a serious com- 
petitor to cyclization. When the nitrogen is sub- 
stituted, the extent to which the substituent suf- 
fers non-bonded interaction with other substituents 
will be reflected in a stereoelectronic situation which 
is progressively less favorable to fragmentation with 
increasing substituent bulk; and while the rate of 
cyclization may be unfavorably affected, the rate of 
fragmentation will be more seriously depressed 
owing to its great sensitivity to stereoelectronic 
factors. * 

The most favorable situation for effective cycliza 
tion to the azetidine system, then, will be found in 
a 3-aminopropyl system in which there are no sub- 
stituents on any of the carbons and a (large) sub- 
stituent on nitrogen. Symmetrical gmsubstitution 
on C (provided the groups are not too large) with 
no substituents on C1 and C&, or on Ca with none on 
G and G should be approximately as good, and 
threesubstituents on Cl and CI or C and Cr (or on 
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all three carbons) should not interfere with cycha- 
tion. 

The effectiveness of N-substitution as a means of 
promoting cyclization is to be seen not only in the 
data of Table I but also in the following. It has 
been reported that 3-N-piperidyl-2,2dimethylpro- 
pyl chloride undergoes a displacement reaction 
with sodium benzyloxide at a much faster rate 
than expected for a neopentyl-type chloride.26 The 
authors explain this in terms of a fast conversion to 
an aaetidinium ion which is then cleaved by benzyl- 
oxide ion in a slower step: 

C N - C H z -  C(CH~)Z-CHZ~CHZC& 

The reaction of 6-methoxy~aminoquinoline with 
ldiethylamino-3-chloropentane to give both 6- 
methoxy-&(l -diethylamino-3-pentylamino)quino- 
line and &methoxy-8-(3-diethylamino-l-pentyl- 
amino)quinoline (more) would appear to involve 
an anetidinium ion also.” 

Ar-NH- CH2CHzCH(C2H5) N(CZH5)e- 
more 
+ 

Ar -NH-CH(CZHS)CH~CH~N(C~H~)Z 
leSS 

One is now in a position to predict in any given 
case whether cyclization will be a reasonably satis- 
factory reaction. Neither fragmentation nor Et 
elimination may be expected to interfere if the 
“leaving group” on C1 is primary; only dimeriza- 
tion) which can be controlled by appropriate dilu- 
tion) need be considered. When the leaving group is 
secondary, conditions should be selected which 
favor Sn, reactions over Snl; and the nitrogen should 
be substituted by a bulky group to inhibit frag- 
mentation. Again suitable dilution should control 
the relative rates of E, or dimerization and cyclizs- 
tion. The data of Table I support these generaliza- 
tions. 

Strain factors arising from the size of the four- 
membered ring d y  need not interfere with 
cyclization per w, although they just as assuredly 
do contribute to ring instability) though to a lesser 
(26) W. B. Wheatlev and L. C. Chenev. J .  Am. C h .  -. 

Sk., 74,1359 (1952). - 
72,4059 (1950). 
(27) R. C. Elderfield and C. M e r ,  J .  Am. Chem. Sm., 

TABLE I 
EFFEC~ OF SUBSPITUTION ON CYCLIZATION 

hetidine, Refer- 
3-Halopropylaminea % ence 

Br(C&)rNHi 
X (CHi)rNHi 
3-Bromo-N-methylprop ylamines 
BrC&C (CHa)&HiNHCHa 
BrCH (CHJCHiCH(CHiCH(CH3r)- 

526 
Poor 

80 

79 

60 

11.71 
8 
13 
9. 
30 
47 

55b 
67 

55b 
80-93 

10 
11 

11 

12a 

12b 

21 
15 
22 

19 
20 

15 

15 

a This app& to be out of line. The 26% yield from 3-N- 
beneylpropyl ptoluenesulfonate ~uggeate the proper value. 

This value is probably not high enough aa the intermediate 
ehown w88 formed in situ from trimethylene chlorobromide 
and sodium ptoluenesulfonamide. 

extent than in the ethyleneimine system. Their 
chief deleterious effects are to be seen in the rela- 
tively slow rate at  which cychation occurs (slow- 
est of the series of 3-, 4,s and &membered nitro- 
gen heterocycles”), which gives competing reac- 
tions a better chance. More serious, and also con- 
tributory to slow cyclization) are conformational 
effects due to substituents on the carbons of the 
propyl chain. The transition state for cyclization, 
requires that substituents on carbons 2 and 3 be 
eclipsed; thus large substituents eythro to each 
other (Fig, 2) will both diminish the rate of cycliza- 

Fig. 2. Conformational effects due to subetituenta on 
the propyl cham 

tion and decrease the stability of the ring once it is 
formed. The same may be said of large, erythro 
substituents on carbons 1 and 2, but eclipsing here 
is serious only in the transition state (and product) 
whereas on G and Ct the substituents must be 
eclipsed in the conformation leading to the transi- 
tion state, thus materially decreasing the prob- 
ability of cyclization which must proceed from an 
energetically unfavorable ground state. 

(28) H. F’reundich and G. Salomon, Ber., 66,355 (1933). 
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EXPERIMENTALz9 

S-Andirw-3-phenyGl-propampanol. To a stirred solution of 
0.30 g. (7.9 mmoles) of lithium aluminum hydride in 10 ml. 
of dry ether was added, dropwise, a solution of 2.2 g. (10 
mmoles) of 1,4Aiphenyl-%aeetidione~ in 15 ml. of dry 
ether. No evolution of heat was noticed during the addition. 
The solution was refluxed for 0.5 hr. after which 30 ml. of a 
25% sodium hydroxide solution was added. After stirring 
for 0.5 hr. the layers were separated and the ether layer wae 
dried with anhydrous magnesium d a t e .  Removal of the 
ether in a stream of air precipitated a lightryellow solid 
which was recrystallized from a methanol/petroleum ether 
(b.p. 9O-l0Oo) mixture. The yield of 3-amino-3-phenyl-l- 
propanol was 1.7 g. (74%), m.p. 89-90" (reported6 m.p. 
87-88'). The use of tetrahydrofuran as a solvent gave 1.9 g. 
(82y0) of product. 

1 , 4 - D i p h a y l ~ S , S d i m e t h y l - ~ ~ ~ i n o n e .  This substance 
was prepared by the method of Gilmau and Speeterm from 
ethyl a-bromoisobutyrate, benzylideneaniline, and zinc in 
38.6% yield: m.p. 149-150°, reported 148-149".' 

S - A n ~ i ~ ~ , ~ i m e t h y l ~ p ~ y ~ l - p r ~ m l .  Reduction of 
5.0 g. (20 moles)  of 3,3-dimethyl-l,44iphenyl-%azeti- 
dinone by lithium aluminum hydride (0.60 g., 15.8 mmolea) 
in tetrahydrofuran afforded 4.7 g. of product, 1.8 g. of which 
was diwlved in a mixture of 25 ml. of petroleum ether 
(b.p. 60-75O) and 35 ml. of benzene and chromatographed 
on a neutral alumina81 column. Elution with benzene gave 
1.5 g. of 3-anilino-2,2dimethyl3-phenyl-l-propanol (corre- 
spondR to a 93.2% reduction of the &lactam), m.p. 1@5.& 
105.5". 

Anal. Calcd. for C17Ht1NO: C, 79.94; H, 8.29; N, 5.48. 
Found: C, 79.99; H, 8.09; N, 5.58. 

The same procedure, with a m c r y s h b  * ation from alcohol 
substituted for the chromatographic procedure, was used 
for the reduction of the @-lactam with other metal hydrides 
under various conditione: (sodium borohydride, lithium 
borohydride, sodium borohydride-aluminum chloride, and 
lithium borohydridduminum chloride) without improve- 
ment. 

S - A n ~ i ~ ~ , ~ d i ~ h y ~ p ~ y l - 1 ~ r ~ m l  hydroc-hbde. 
The hydrochloride waa made by passing dry hydrogen chlo- 
ride through a dry ethereal solution of 3-anilin0-2,Zdi- 
methyl4bphenyl-1-propanol. The salt precipitated quanti- 
tatively, m.p. 168.0-169.0°. 

Anal. Calcd. for CI.IH&lNO: C, 69.97; H, 7.60; C1, 
12.15; N, 4.81. Found: C, 69.78; H, 7.60; C1, 11.62; N, 4.84. 
~,,.a-oinzethyl-N,~~-dieyclohezylpropionam. 3,SDimethyl- 

l,Miphenyl-%azetidinone (2.5 g., 0.01 mole) was dissolved 
in 70 ml. of absolute alcohol and 0.3 g. of Raney nickel 

The mixture was charged with hydrogen to a ~)rt~ssiirc? of 
1300 p.8.i. and shaken for 11 hr. at  250". 

The catalysb was filtered and the solvent W e d  froni :L 
warm water bath at  reduced pressure (water-mpiratr)r). 
Recrystallization of the residue from dilute alcohol gavr 
2.6 g. (1000/0) of the amide, m.p. 92.0-92.5'. 

Anal. Calcd. for C1,H31NO: C, 76.92; H, 11.77; N, 5.28. 
Found: C, 76.93; H, 11.64; N, 5.29. 

catalyst (W-2) W ~ B  added. 

(29) All melting and boiling points are uucorrecCtRd. 
Microanalyses by Spang Microanalytical Laboratory, 

Ann Arbor, Mich. 
The infrared spectra of solids were recorded from Nujol 

mulls on a Perkin-Elmer Model 21 Infrared Spectrophotom- 
eter: liquids were recorded aa thin &IS by the same 
instrument. 

(30) H. Gilman and M. E. Speeter, J .  Am. Chm.  Soc., 
65,2255 (1943). 

(31) The alumina used in thia and subsequent experiments 
wm prepared from acid-waahed alumina (Merck) by shaking 
with ethyl acetate for 12 hr. After decanting the ethyl 
acetate, the alunzina WKS washed with methanol and acetone 
:rnd d r i 4  in :m oven (60'). 

The infrared spectrum p o s s d  bands at  3340 and 1635 
an.-' but no absorption at 1600 or 1500 em.-' The com, 
pound failed to hydrolyze when refluxed with 25% sodium 
hydroxide for 15 hr. 

Attempted preparation of 3-aminqpropyl nwthadfonate 
hydrocirloride. An attempt to prepare thia substance in- 
volved conversion of 3-aminopropanol to the hydrochloride 
in chloroform followed by addition of 1 equivalent esch of 
pyridine and methaneaulfonyl chloride at 4". However, 
only 38% of pyridhium methanesulfonate was obtained, 
m.p. 178-180". 

A d .  Calcd. for CrH,NW: C, 41.14; H, 5.18; N, 8.00. 
Found:C,41.08;H,5.11;N,8.11. 

S-N-Benzylaminopropamaminqpropanol (II). One mole of benzaldehyde 
(106 g.) and one mole of Shydmxypropylamine (75 9.) 
were dissolved in 200 ml. of absolute ethanol and hydro- 
genated at  3 atm. over Adams' catalyst (0.5 g.). The ab- 
sorption of hydrogen stopped after about 7 hr. Filtration 
through Celite and distillation sfforded 138.2 g. (%yo) of 
Sbemylaminopropanol, b.p. 125-130° (2 mm.). 

Anal. Calcd. for GdiIIJVO: C, 72.69; H, 9.15; N, 8.48. 
Found: C, 72.80; H, 9.15; N, 8.54. 

S-BenzylamiM.ptopan01 hydrochhide. A quantitative 
yield of 3-benzylaminopropanol hydrochloride waa formed 
by bubbling dry hydrogen chloride through a dry ether solu- 
tion of 3-benzylaminopropanol. Two r e c q d a b  . ations from 
absolute alcohol-ether gave the analytical sample, m.p. 
83.5-85.0". 

A d .  Calcd. for CrHl&lNO: C, 59.54; H, 8.00; Cl, 17.58; 
N, 6.94. Found: C, 59.02; H, 7.77; Cl, 18.09; N, 6.76. 

N - ( S - B " y p r o p y l ) - N - b m q ~ m ~ .  A pyridine 
solution of 3-benzylaminopropanol waa benzoylated with a 
slight excw of benzoyl chloride. Three r e w y s h b  . ationp 
from an acetonewater mixture gave the analytical sample, 
m.p. 80.0-81.5". 

Anal. Calcd. for &&NOl: C, 76.89; H, 6.42; N, 3.73. 
Found: C, 77.19; H, 6.21; N, 3.75. 

3-Benzylaminspropyl-ptoluenaaclfonate hydrcxhbde. 
011; h y d r o d h d e ) .  Four grsms (0.02 mole) of %benzyl- 
aminopropanol hydrochloride was dissolved in a mixture of 
6.8 g. (0.08 mole) of pyridine and 15 ml. of chloroform. The 
solution wm cooled to -3" and 4.7 g. (0.025 mole) of p 
toluenesulfonyl chloride waa added in small  portions, k e e p  
ing the temperature below 3". The solution waa refrigerated 
( O O )  for 6 days and the solvent waa removed under reduced 
pressure. Trituration of the gummy residue with anhydrous 
ether gave 11.9 g. of yellow d i d .  Several r e a y t a h  ations 
from absolute ethanokther gave 2.0 g. (22.5%) of 3- 
benzylambopropanol p-toluendonate hydrochloride, m.p. 

Anal. Calcd. for G7HaClNO$: C, 57.36; H, 6.23; N, 
3.93; S, 9.01. Found: C, 57.60; H, 6.10; N, 3.70; S, 8.65. 

N-Rneylazetidne (V). Procedure A. Twenty-nine grams 
(0.25 mole) of freshly distilled chlorosulfonic acid was 
d d e d  dropwise to 36 g. (0.18 mole) of 3-hydroxypropylben- 
sylamine hydrochloride. After the initial reaction subsided, 
the mixture was heated on the steam bath for 30 min. and 
then under vacuum (water-aspirator) in an oil bath, h t  a t  
80" for 0.5 hr., then at 140' for 0.5 hr. 

After cooling, the viaeous oil was dissolved in 75 ml. of 
water and slowly added to a solution of 60 g. of potassium 
hydroxide in 75 ml. of water. The alkaline solution was then 
steam-distilled with the product coming over in the h t  
125 ml. of distillate. 

Twenty grams of potassium hydroxide was added to the 
distillste, and the solution waa extracted with ether. After 
drying and removal of solvent the product was distilled: 
1.3 g. (5%) of 1-benzyketidine, b.p. 71-75" (5 mm.). Two 
distillatiom gave the analytical sample, b.p. 78" (5.5 mm.). 

Anal. Calcd. for Cl0Hl&: C, 81.58; H, 8.90; N, 9.54. 
Found: C, 81.48; H, 9.04; N, 9.56. 

The pima& melted at  89-90". 
Anal. Calcd. for C;J31&ICh: C, 51.05: H, 4.28; X, 14.(30. 

Fniind: C, 51.18; H, 4.28; N, 14.91. 

182-1 83 " . 
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P r d u r e  B. A solution of 33 g. of 3-hydroxypropylbenzyl- 
amine in 15 ml. of water was cooled in an ice bath and a 
cold solution of 25 ml. of concd. sulfuric acid in 12 ml. of 
water waa added. The resulting solution waa maintained at 
50-60" while the water waa removed by distillation at re- 
duced pressure (water-aapirator). The solution was next 
cooled to mom temperature, and 88 g. of a 40% sodium 
hydroxide solution waa added in 10-ml. portions. A violent 
reaction occurred after the first few additions, and after all 
the base waa added the solution waa steam-distilled. About 
250 ml. of distillate was collected, treated with 50 g. of p 
G u m  hydroxide, and extracted with ether. The ether 
layer was dried over anhydrous magneaium d a t e  and dk- 
tilled to give 2.5 g. (9%) of 1-bemylasetidine, b.p. 71-75" 
(5 mm.). The infrared spectrum of this compound and N- 
bemylawtidine obtained by F'rocedure A were s u p e h p  
able. 

N-Bemylazdidine (V) (by &dtion of Senzy.?ami?m 
propyl p-toluenemdfonati? h$ro&bride (II. hyd-). A 
solution of 1.9 g. (5.3 mmoles) of 3-bemyhinopmpyl p 
toluenesulfonate hydrochloride in 10 ml. of water waa treated 
with 0.42 g. (10.6 mmoles) of sodium hydroxide. The solu- 
tion was refluxed for 1 hr. An oil separated during this time. 
The solution was extracted with ether and the ethereal solu- 
tion was washed with water and dried with mSgneei~m 
mlfate. Picric acid in ether (1.2 g. (5.3 mmoles)) waa added 
to the ether solution. A d amount of oil separated and 
solidified on refrigeration (0"): 0.53 g. (26%), m.p. -9'. 
A mixed melting point with a sample af N-bemylazetxdme 
picrate obtained from the cyclization of 3-beneylamino- 
propanol showed no depression. 

3--(pToluedfmmido)prupyl ptoluenesulfonati? (VI). A 
solution of 19.0 g. (0.25 mole) of 39minopropanol in 300 ml. 
of dry pyridine was cooled to -6" in an i d t  bath. p 
Toluenesulfonyl chloride (110 g., 0.59 mole) was added in 
portions, keeping the temperature below 5". After a t h h g  
for 4 hr., the white solid was filtered (28.7 g., correeponding 
to a 52.5y0 yield of pyridine hydrochloride). The filtrate waa 
diluted with 2 1. of ice and water, whereupon a red oil pre- 
cipitated. The oil slowly crystallized to an onrnge solid 
which upon recrystallization from ethanol-water yielded 
90.6 g. (9570) of 3-(ptoluenesulfonamido)propyl ptoluene- 
sulfonate, m.p. 116-119". Recrystahtion of a 16.5-g. 
sample f" methanol afforded 15.5 g. of pure VI: m.p. 
120-121' (corr.). 

Anal. Calcd. for C17HflNO&: C, 53.26; H, 5.52; N, 3.65. 
Found: C, 53.52, 53.47; H, 5.69, 5.58; N, 3.s3.77. 

~ - ( p T o l d f o n u m i d o ) - W y l  ptolwneeutfonde (VII). 
A solution of 8.8 g. (0.10 mole) of 4-aminc+Zbutenol in 150 
ml. of pyridine waa cooled to -6' and 38.2 g. (0.20 mole) 
of ptoluenesulfonyl chloride was added slowly, keeping the 
temperature below 5". After the addition the solution was 
refrigerated (0") for 3 days during which time pyridine 
hydrochloride precipitatwl and the solution turned deep 
red. The mixture waa poured into 600 ml. of ice water. A 
red oil separated and solidified slowly. After atsnding at 
0" for 1 hr. the solid was filtered and washed with cold, di- 
lute hydrochloric acid. The adsorbed water and color were 
removed by dissolving the solid in chloroform, separating 
the water layer and filtering through Norit. The chloroform 
solution was then dried with magnesium sulfate and diluted 
with petroleum ether (b.p. 30-60") to precipitate 26.2 g. 
(66%) of 4(ptoluenesulfonamido)-2-butyl ptoluenesul- 
fonate, m.p. 91.0-93.5". Two recrystalhatiom from the 
Rime solvent pair gave the analytical ssmple,".p. 94.0- 
95.0'. 

Anal. Calcd. for Ct8HnNO&: C, 54.39; H, 5.83; N, 3.52. 
Found: C, 54.47; H, 5.81; N, 3.40. 

N-(3-C~uprupyl)"esdfunam&fe 0. A solution 
of 75.1 g. (1.0 mole) of 3-hydroxypropylamine and 158 g. 
(2 moles) of pyridine in 300 mi. of chloroform was oooled to 
-10". Methanesulfonyl chloride (229.2 g., 2 moles) waa 
added dropwise, keeping the temperature below 0". After 
the addition, the solution was stirred for 3 hr. at 0". The 

solvent was removed by distillation at reduced pressure and 
the residue, after extraction with cold water, was distilled 
in :mmo to give N-(3-chloropropyl )methate  
[77.2 g., b.p. 150-153' (0.3 mm.); 45% yield]. The com- 
pound gave no precipitate with aqueous silver nitrate. 

Anal. Calcd. for C4HloClNO& C, 27.99; H, 5.90; C1, 
20.65: N. 8.16; S. 18.69. Found: C, 27.80; H, 5.56; Cl, 
20.74; N,8.48; S, 18.77. 

Ir-Toluenedfonazetidide fIV) (A). To a solution of 5.1 R. 
(0.5146 mole) 6f 3-(ptoluenea~o&do)propyl-ptoluenk 
sulfonate (VI) in 425 ml. of absolute ethanol was added a 
solution of 0.36 g. (0.0146 g.-atom) of sodium in 75 ml. of 
absolute ethanol. After refluxing for 16 hr. the solvent was 
distilled until the remainder amounted to about 100 ml. 
The latter was then diluted to 1 1. with water and on stand- 
ing for a few hours ptoluenesulfonazetidide precipitated in 
short needles; yield, 2.25 g. (75.5'31)~ m.p. 119.0-121.5" (re- 
ported1'm.p. 120"). 

(€3). Cyclization of 10.2 g. (0.0292 mole) of VI using 0.72 g. 
(0.0292 g.-atom) of sodium in a total volume of 570 ml. of 
absolute ethanol gave 5.0 g. (80.7%) of ptoluenesulfonaze- 
tidide, m.p. 118-120". 

(C). Cyclization of 10.2 g. (0.0292 mole) of VI using 0.72 
g. (0.0292 g.-atom) of sodium in a total volume of 300 ml. 
absolute ethanol gave 4.2 g. of a white solid, m.p. 116-150O. 
The solid was dissolved in benzene and chromatographed on 
a neutral alumina% column. Benzene eluted 3.5 g. (56.4%) 
of ptoluendonazetidide, m.p. 119-122'. Ether eluted 
0.4 g. of a white solid, m.p. 210-213" (reported1k for 1,5- 
di(ptoluendonyl)-l,~acyclooctaneJ 215"). 

(D). To a solution of 5.1 g. (0.013 mole) of VI in 500 ml. 
of tbutyl alcohol was added 14 ml. of 1 . M  potassium 
&butoxide, and the mixture was refluxed for 10 hr., with 
stirring. The fine precipitate of potassium p to luendona te  
(2.6 g., 85%) waa filtered off while hot, and the solvent was 
removed in vac~u) from the filtrate. The residue waa taken 
up in hot methanol, filtered and diluted with water, where- 
upon there waa obtained 2.6 g. (93%) of IV, m.p. 116-120". 

.%M&yl-p to ldfom&idide  (VIII). Procedure A .  
To a solution of 5.92 g. (14.6 mmoles) of 4(ptoluenesul- 
fonamid0)-2-butyl ptoluenesulfonate in 425 ml. of absolute 
ethanol was added, in one portion, a solution of 0.36 g. 
(14.6 mg.-atome) of sodium in 75 ml. of absolute ethanol. 
After refluxing for 19 hr. the solvent was distilled until the 
remainder amounted to about 75 ml. The latter wan then 
diluted to 1 1. with water to precipitate 1.32 g. (35.5%) of 
Zmethyl+toluendowtidide, m.p. 97-99". Two re- 
crystalhations from a chloroform/petroleum ether (b.p. 
(30-60") mixture gave the analytical sample, m.p. 99-10Oo. 

A d .  Calcd. for CllHl"OIs: C, 58.63; H, 6.71; N, 6.22; 
S, 14.23. Found: C, 58.59; H, 6.67; N, 5.98; S, 14.19. 

Procedure B. A solution of 19.8 g. (50.0 mmoles) of 4-(p 
toluenesulfonamido)-Z-butyl ptoluenesulfonate in 300 nil. 
of absolute ethanol was added in high dilution;" over :A 
period of 48 hr. to a refluxing solution of 1.2 g. (50 mg.- 
atoms) of sodium in 350 ml. of absolute ethanol. When the 
addition was completed the solvent was distilled until the 
remainder amounted to about 150 ml. (removal of more 
solvent resulted in a brown product). The remainder waa 
diluted to 1 1. with water to precipitate 8.2 g. (67.7%) of 
the product, m.p. 97-99". 

M & d f o n a d i d i d e  (X). A solution of 0.5 g. (21 mg.- 
atoms) of sodium in 100 ml. of absolute ethanol was added 
in one portion to a refluxing solution of 3.4 g. (20 mmoles) 
of N-(Scbloropropyl)methanesdfonamide in 75 ml. of ab- 
solute ethanol. The resulting solution wa9 refluxed for 48 hr. 
during which time sodium chloride precipitated (1.2 g., 
100% yield). The solvent was distilled at atmospheric pres- 
sure and the reaidue was dissolved in chloroform. Concentra- 
tion of the chloroform solution gave 1.8 g. of methanesul- 
fonseetidide (66.6% yield), m.p. 81-82'. 

(32) A. C. C ~ p e  and E. C. Herrick, J .  Am. Chem. SOC., 
72,985 (1950). 
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Anal. Calcd. for CIHONO#: C, 35.54; H, 6.71; N, 10.36; 
S, 23.74. Found: C, 35.64; H, 6.77; N, 10.19; S, 23.92. 

Amtidim (I) (by reductaim of sulfacleetidides.) (A) A 
three-necked flask (with its side-necks stoppered) waa fitted 
with a 4Okn"m reflux condenser. To the top of the con- 
denser waa attached a glass tube which extended 1 cm. into 
a dilute sulfuric acid solution. 

A solution of 11.4 g. (0.0845 mole) of methanesulfon- 
aeetidide in 350 ml. of n-amyl alcohol was refluxed in the 
three-necked flask. Through one of the side necks waa added 
20 g. (0.87 g.-atom) of sodium in 1-g. pieces. The sodium waa 
added after the preceding piece had completely reacted 
with the solvent. After all of the sodium had reactcd the 
solution waa cooled to room temperature and 150 ml. of 
water waa added. The layers were separated and the aqueous 
layer waa distilled up to 100'. This distillate was combined 
with the amyl alcohol and the mixture waa extracted with 
the dilute sulfuric acid which waa used aa a trap. Extraction 
with dilute sulfuric acid waa continued until the extracts were 
strongly acidic. The combined acid extracts were cooled and 
made strongly alkaline with potassium hydroxide pellets 
and distilled up to 100'. The distillate waa made strongly 
alkaline with potassium hydroxide pellets and extracted 
with ether. After drying with potassium hydroxide pellets, 
the ether solution waa distilled to give 2.0 g. (42.5%) of 
azetidine, b.p. 61-66' (750 mm.) [reportedg b.p. 62' (730 
mm.)]. The picrate melted at  161-165' (reported' m.p. 
166-167'). 

(B). A 73.0-g. (0.35 mole) sample of IV waa dissolved in 
2 1. of boiling n-amyl alcohol, and 146.4 g. of sodium was 
added in portions over 3 hr., waiting for most of the effer- 
vescence to cease before each subsequent addition. The 
condenser waa connected to a sulfuric acid trap aa in the 
preceding experiment. The mixture waa allowed to cool 
overnight, and 900 ml. of water waa added. The lower layer 
waa separated and distilled (about 100 ml.) until no more 
amyl alcohol came over. The distillate waa added to the 
alcohol layer remaining in the separatory funnel, which 
was then chilled and extracted with enough of 2N sulfuric 
acid (including that from the trap) to ensure complete 
acidity. 

The resulting acidic extract was itself ether-extracted 
and then freed of ether by an air stream, after which it was 
added to tbe origin$ strongly alkaline solution. Aqueous I 
waa distilled out and the distillate was saturated with po- 
tassium hydroxide. The dried aeetidine, which separated, 
weighed 16.9 g. [84.7%: ny 1.4110 (reported n'," 1.422915)]. 

Azetidim (I) (by hydrogenolysis of I-benzytazetidine). To 
30 ml. of absolute ethanol was added 163.2 mg. (1 mmole) 

of 1-benzylazetidine. Twenty milligram of 10% palladium- 
on-charcoal were added and the mixture waa hydrogenated 
under 1 atm. hydrogen pressure. One millimole of hydrogen 
waa taken up in 3 days. The catalyst was filtered off and a 
solution of 229 mg. (1 mmole) of picric acid in a minimum 
amount of absolute ethanol waa added to the filtrate. The 
solution WBB diluted with dry ether and refrigerated (0') 
for 2 days. Azetidine picrate, m.p. 166-169" (reported4 m.p. 
166-167'), precipitated during this time. 

2-MeUylrzetidine (XI). To a refluxing solution of 8.2 g. 
(0.036 mole) of Zmethyl-ptoluenesulfonazetidide in 300 
ml. of n-amyl alcohol waa added 16 g. (0.70 g.-atom) of 
sodium in 1-g. portions. The portions of sodium were added 
after the preceding portion had completely reacted with 
the solvent. After the addition the solution was cooled and 
150 ml. of water waa added. The aqueous layer waa dietilled 
up to 100" and the distillate added to the amyl alcohol 
layer. The mixture waa extracted with dilute sulfuric acid. 
The acid extracts were cooled and made strongly basic with 
potassium hydroxide pellets. The mixture waa distilled up 
to 100' and the distillate made strongly alkaline with po- 
tasaium hydroxide pellets. 

The oil, which separated, waa dried with potassium hy- 
droxide pellets and distilled to give 2.0 g. [(78.2%) of 2- 
methylaretidine, b.p. 72-76' (755 mm.) reportedla b.p. 
75'J. Treatment of a pyridine solution of Zmethylazetidine 
with ptoluenesulfonyl chloride followed by dilution with 
water gave Zmethyl-ptoluenesulfonazetidide, m.p. 96-99'. 
A mixed melting point with an authentic sample showed no 
depression. 

The pnitrobeneamide of Zmethylazetidine melted a t  
42.0-43.0'. 

Anal. Calcd. for Cl1Hl2N2O8: C, 59.99; H, 5.49; N, 12.72. 
Found: C, 59.80; H, 5.42; N, 12.64. 

Attempted hydrogenolysia of ptoluenesulfonyW&. 
Two grams (9.5 mmoles) of ptoluenesulfonazetidide was 
dissolved in 25 ml. of dry ether. One gram of h e y  nickel 
(W-2) waa added, and the mixture waa shaken at  600 p.s.i. 
hydrogen p r w e  at  100" for 11 hr. Only starting material 
waa recovered. 

Attempted reduction of I -methmsulfonmetida& with lithium 
aluminohydride. To a refluxing solution of 1.28 g. (9.50 
mmoles) of 1-methanesulfonazetidide in 80 ml. of dry ether 
waa added dropwise a solution of 1.72 g. (45.2 "01.) of 
lithium aluminum hydride in 100 ml. of dry ether. The 
solution waa refluxed for 22 hr. No azetidine waa obtained 
on alkaline work-up. 

ANN ABBOR, MICH. 


