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mol) in boiling ethyl alcohol (100 ml) containing pyridine (5 ml) 
as base and then purified by distillation. All of the oximes are 
known. 

Nmr Spectra.-Nmr spectra were determined at  60 MHz on a 
Varian A-60 spectrometer in DCCla solutions (0.001 mol of 
oxime in 0.5 ml of DCCla) with TMS as internal reference. 
Tris (dipivalomethanato)europium(III) (Alfa Inorganics, Beverly, 
Mass.) (20 mg) xras added to the above DCCh solutions and 
spectra were recorded again. 

Beckmann Rearrangement of Methyl Isopropyl Ketoxime.- 
To the oxime 6 (1.01 g,  0.01 mol) in 25 ml of dry ether, PCls 
(3.12 g, 0.01,i mol) was added in small quantities with stirring. 
After the addition, the mixture was stirred at  room temperature 
for 30 min and poured into excess water. The water solution was 
extracted with chloroform. The chloroform extract was washed 
(H20) and dried (MgSO,). Evaporation of chloroform gave 1 g 
(quantitative) of the mixture of 121-isopropylacetamide and N -  
methylisobutyramide in the ratio of 86: 14 [estimated from nmr 
(CC14) 6 1.87 (s, COCHa protons of I\'-is~propylacetamide'~) and 
6 2.70 (d, J = 5 He, ,V-methyl protons of iV-methylisobutyram- 
ide)'7]. Nmr data for both amides are recorded.16J7 
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In  connection with another investigation1 we had 
need of 1-bromo-1-(hydroxymethy1)cyclobutane (1). 
This material had been reported2 as essentially the only 
product formed in the treatment of methylenecyclobu- 
tane with hypobromous acid. WTe have repeated this 
work and have found that the major product is not 1 
but its isomer, 1-(bromomethy1)cyclobutanol (2). An 
analogous misassignment of structure2 in the case of the 
six-membered ring series has previously been noted.3 

1 2 

The react,ion of methylenecyclobutane with aqueous 
N-bromosuccinimide (NBS) proceeds rapidly at ice 
t'emperature. Distillation of the resultant product af- 
fords 2 in about 90% purit'y. A minor product, possi- 
bly 1, is also formed but is quite unstable, eliminat'ing 
hydrogen bromide to produce a carbonyl compound. 

1-(Bromomet'hy1)cyclobutanol (2) forms an acetate 
and a t'osylate, neither of which eliminated hydrogen 
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bromide readily when treated with base. Dehydration 
of 2 occurred, however, to give bromomethylenecyclo- 
butane (3). This latter transformation establishes the 
position of the bromine atom in 2.  Analogously, the 
reaction of methylenecyclobutane with NBS in anhy- 
drous methanol afforded one major bromo ether, as- 
signed structure 4. This assignment is based upon the 
method of preparation of 4 (same conditions as for 2) 
and a comparison of its nmr spectrum with that of 2 
(see Experimental Section). 
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1-Bromo-1-(hydroxymethy1)cyclobutane (1) was 
prepared by reduction of ethyl l-bromocyclobutylcar- 
boxylate (7). The conditions of the reduction are dif- 
ficult to control so that unreduced bromo ester 7 is 
sometimes recovered along with a product of further 
reduction, cyclobutylmethanol (8 ) ,  and small amounts 
of cyclobutanecarboxaldehyde (9). Bromohydrin 1, 
purified by vapor phase chromatography, is clearly dif- 
ferent from bromohydrin 2 in spectral properties. The 
former's structure is certain from its method of synthe- 
sis as well as by its facile loss of hydrogen bromide to 
give cyclobutanecarboxaldehyde (9) . 4  
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Further confirmation of the correct assignment of 
structure is obtained by a comparison of the nmr spec- 
tra of the bromohydrins and their respective acetates. 
The exocylic methylene group of 2 appears as a singlet 
at 6 3.63, while the acetate derived from it shows this 
same absorption at 6 3.93, corresponding to a downfield 
shift of 6 0.30 from the parent alcohol. On the other 
hand, in bromohydrin 1 the exocyclic methylene appears 
as a singlet at 6 3.84, and the acetate's corresponding 
absorption comes at 6 4.40, a downfield shift of 6 0.56 
from the parent alcohol. The 6 0.56 value for the 
a-acylation shift of 1 is in the proper range for a primary 
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alcoh01;~ the 6-acylation shift for 2, as expected, is much 
smaller. 

From these results and those of earlier workers with 
methylene~yclohexane,~ it appears that the reaction of 
methylenecycloalkanes with hypobromous acid gener- 
ates 1-(bromomethy1)cycloalkanols as the major prod- 
ucts rather than 1-bromo-1 (hydroxymethy1)cycloal- 
kanes as originally reported.2 

Experimental Section 

Infrared spectra 
were reccrded on a Perkin-Elmer Model 137 spectrophotometer. 
The nmr spectra were obtained with a Jeolco Xodel C-60H 
spectrometer using tetramethylsilane as an internal standard. 
Vapor phase chromatographic analyses were performed on a 
T'arian Aerograph Model 90-P3 chromatograph. The following 
columns were med: 10 ft X 3//r in., 3% SE-30 on 60-80 Chro- 
mosorb JTT and 10 ft X 1/4 in., 20f& SE-30 on 60-80 Chromosorb 
W AW DhICS. Elementral analyses were performed by Chem- 
alytics, Inc., Tempe, h i $ .  and Galbraith Laboratories, Inc., 
Knoxville, Tenn. 

1-(Bromomethy1)cyclobutanol (2).-In a 100-ml flask equipped 
with an overhead stirrer, reflux condenser, and st,opper were 
placed 30 ml of water and 13 g (0.073 mol) of NBS. The mix- 
ture was cooled in an ice bath and with stirring 5.0 g (0.073 mol) 
of met,hylenecyclobutane (Aldrich Chemical Co., technical 
grade) vas  added t'hrough the open neck of t,he flask. The 
KBS disappeared rapidly, and after 10 min at  ice temperature 
the solid was completely dissolved and an oily layer had formed 
at the bottom of the flask. Stirring was continued for 30 min, 
and then the bottom layer was separated and added to ether 
extracts of t,he water layer. The combined organic layers were 
then washed well with aqueous SaHSOs and dried (MgSO,), and 
the ether was removed in  vacuo. Distillation of the residue 
afforded 9.4 g (78%,) of product, generally about, 90% pure. 
Early, broad-boiling fract,ions were enriched in the minor product, 
but it could not, be obtained pure without, partial decomposition 
to a carbonyl compound. I-(Bromomethy1)cyclobutanol (2) 
was obtained pure by careful distillation, bp 76-77' (10 mm) 
[lit.l bp 64-85" (10 mm)]. A vpc sample (37;. 8E-30, 110") 
displayed ir (neat) 2.93, 7.02, 7.82, 8.10, 9.31 P ;  nmr (CDC13) 
6 1.4-2..5 (complex mult,iplets, 6 H,  cyclobutyl CH2), 3.23 (s, 
1 IT, OH), 3.63 (J, 2 H,  CHrBr). 

The acetate 5 was prepared from 0.17 g (1.2 mmol) of bro- 
mohydrin and 1.02 g (10 mmol) of acetic anhydride (freshly 
distilled) in anhydrous pyridine at room temperature for 24 hr. 
The reaction mixture was extracted with et,her, and the ether 
extracts were washed successively with dilute HC1 to remove the 
pyridine and then with aqueous NaHCO, t,o remove the acide. 
After drying and removal of the ether, the acetate was flash 
distilled. An analytical sample (3% SE-30, 116") displayed 
ir (cC14) -5.74, 7.98, 8.06, 8.19, 8.28 p;  nmr (C1)ch) 62.10 ( 6 ,  3 
H ,  CH,CO), 1.4-2.6 (complex multiplets, 6 H,  cyclobutyl CH?), 
3.93 (s, 2 H,  CHzBr). 

Anal. Calcd for C7HliBr02: C,  40.60; H,  5.36; Br, 38.59. 
Found: C, 40.77; H ,  d.36; Br, 38.61. 

The tosylate 6 was prepared from 3.23 g (0.011 mol) of tosyl 
chloride and 1.63 g (0.010 mol) of bromohydrin in anhydrous 
pyridine initially at ice temperature. The reaction mixture 
was then warmed to room temperature and maintained there 
for 48 hr. Neutralization with HC1 and ether extraction gave 
2.23 g (73yc) of a colorless solid, mp 60-63". Crystallizatioii 
from pentane afforded needles, mp 6*5-66', ir (Xujol) 8.50 P 

Anal. Calcd for C1?HIIBrOBS: C, 4,5.1t?; 13, 4.74. Found: 
C, 44.87; H, 4.62. 

Dehydration of 1-(Bromomethy1)cyclobutanol (2).-To a 
solution of 1.0 g (0.006 mol) of bromohydrin 2 in. arlhydrous 
pyridine at ice temperature waq added dropwiie with &ring 

( 5 )  L. M. Jackman and S. Sternhe!!, "Applications of Nuclear hfagnetic 
Resonanoe Spectroscopy in Organic Chemistry," 2nd ed,  Pergamon Press, 
S e i r  I'ork, N.  Y., 1969, p 176. 

Boiling and melting points are uncorrected. 

(S=O). 

0.92 g (0.006 mol) of phosphorus oxychloride. Stirring at  ice 
t,emperature was continued for 8 hr. The mixture was poured 
into ice and extracted with n-hexane. The hexane ext,raets were 
neutralized with 2 M HCl, then washed with water, and dried, 
and the n-hexane was dist,illed. Flash distillation of the residue 
followed by vpc analysis (207, SE-30, 92") showed the pre- 
dominant product (0.63 g, 71%) to be bromomethylenecyclo- 
butane (3)  by comparison of its retention time and ir and nmr 
spectra with those of authentic material.' 

1-(Bromomethy1)-1-methoxycyclobutane (4) .-In 30 ml of 
absolute methanol cooled in an ice bath was suspended 13.0 g 
(0.073 mol) of NBS. To this was added 5.0 g (0.073 mol) of 
methylenecyclobutane, and the mixture was stirred at  ice tem- 
perature for 30 min, then warmed slowly to room temperature 
over 2 hr. The mixture was poured into ice and extracted with 
ether. The ether ext~racts were washed with wat,er and aqueous 
XaHS03 and then dried over MgSO4, and the ether was re- 
moved. Distillation of the residue afforded 10.02 g (76%) of 4, 
bp 77-80' (5  mm). A forerun of distillate contained most'ly 4, 
but was contaminated with a lower boiling component, which, 
by ir, could have been the isomeric bromo ether. An analytical 
sample (20% SE-30, 130") of 4 displayed ir (neat) 7.82, 9.13 p;  
nmr (CDC13) 6 1.4-2.4 (complex multiplets, 6 H,  cyclobutyl 
CH,), 3.22 (s, 3 H, OCH8), 3.62 (s, 2 H, CHzBr). 

Anal. Calcd for C@HllBrO: C, 40.25; H,  6.19; Br, 44.63. 
Found: C, 40.10; H,  6.19; Br, 44.58. 

1-Bromo-1-(hydroxymethy1)cyclobutane (1).4-A solution of 
lithium aluminum hydride (0.28 g, 0.007 mol) in 13 ml of an- 
hydrous ether was added to a solution of ethyl l-bromocyclo- 
butanecarboxylate6 (3.0 g, 0.015 mol) in 1.5 ml of anhydrous 
ether a t  0". After addition was complete, stirring was continued 
for 1 hr at O", then for 4 hr a t  room temperature. The mixture 
was decomposed with water and then with 20% HtSOa. The 
ether layer was decanted, and the residue was extracted with 
ether several times. The combined ether layers were dried 
over SIgSO,, and the ether was removed in VUCUG.  Distillation 
of the residue [bp 45-48' (8 mm)] afforded a mixture of re- 
covered bromo ester 7, cyclobut'ylmethanol (8), 1-bromo-l- 
(hydroxymethy1)-cyclobutane (l) ,  and small amounts of cyclo- 
butanecarboxaldehyde (Q), the relative proportions of which 
varied from run to run. Compounds 7, 8, and 9 were identified 
by comparison of their retention times and ir spectra with those 
of authentic materials. A pure sample of bromohydrin 1 (20% 
SE-30, 127") displayed ir (neat,) 2.92, 9.0, 9 .3-9.8~;  nmr (CI)Cl,) 
6 2.91 (s, 1 H ,  OH), 1.8-2.9 (complex multiplets, 6 H, cyclo- 
butvl CH9'I. 3.84 (s. 2 H. CHrOH); phenvlurethane mp 64-65" - "  
(lit.; mp 69-70'). 

The acetate 10 was prepared from 0.30 g (0.002 mol) of bro- 
mohrdrin and 1.02 n (0.010 mol) of fieshlv distilled acetic an- 
hydAde in anhydrous pyridine kept at room temperature for 4 
days. The reaction mixture was poured into water and ex- 
ti acted successively with aqueour: ?ja,C03 and dilute HC1. 
After the ether layer was dried and the ether removed, the residue 
was flash distilled, and the acetate was collected by vpc (20y0 
SE-30, 129"), ir (CCl,) 5.70, 8.2.5, 9.58, 9 . 7 0 ~ ;  nmr (CDC13) 6 
2.27 (7. 3 H.  CHICO), l..j-2.9 (complex multiplets, 6 H,  cyclo- 
butyl CHz), 4.40 (s, 2 €1, CHIOAC).. 

Found: 
Anal. Calcd for C7HLIBrO2: C, 40.60; H,  5.36; Br, 3839. 

Dehvdrobromination of 1-Bromo-1-(hydroxymethy1)cyclo- 
C, 40.79; H, 3.29; Br, 38.90. 

butane (l).-The literature proced[ire way followed, substituting 
2,6-lutidine for j-ethyl-2-methylpyridine as the base. The cyclo- 
butanecarboxaldehyde formed wa5 identified by comparison of 
its retention time and ir spectrum with those of authentic mate- 
iia1.I 
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