
of 10% hydrochloric acid to adjust the pH to 3.0. The mix- 
ture was cooled to 10" and filtered to yield 11.5 g., m.p. 
142-145'. Recrystallization from water gave a 6270 re- 
covery of I. The filtrate from the recrystallization yielded 
2.0 g. (87,) of benzotriazole. 

Reaction of I with benzoyl chloride in hydrochloric acid. 
A. At 20". I (29.1 g., 0.19 mole) was mixed with 100 ml. of 
dioxane and the slurry was cooled to 12'. A 10% hydro- 
chloric acid solution, 200 ml., and 42.2 g. of benzoyl chlo- 
ride were added dropwise over a period of 45 min. a t  a 3:  1 
drop ratio, respectively, while the temperature was main- 
tained at  20". The mixture was stirred for an addit.iona1 ;5 
min., filtered, and air dried to yield 34 g. of crude product. 
Ilecrystallization from ethyl acetate gave 17 g. (39%) of 11, 
m.p. 112-113', no depression on admixture with authentic 
material. 

B. At 60'. I (14.6 g.) was dissolved in 150 ml. of dioxane 
by hesting a t  53". The temperature was raised to 60' and 
100 ml. of a lOYF hydrochloric acid solution and 21.1 g. of 
benzoyl chloride were added over 1 hr. while maintaining 
this temperature. The solution was cooled to 30" while 
stirring for 1 hr. and .partially concentrated by blowing air 
over the solution at 25". The mixture was cooled to 5", 
filtered, and the precipitate was air dried to yield 12 g. of 
crude material. Recrystallization from benzene gave 3.5 g. 
(19%') of benzoic acid, m.p. 121-123'. The filtrate from the 
reaction mixture was evaporated with air to yield crude I 
which was recrystallized from et,hyl acetate. 

Reaction of I with hydrochloric acid at 60'. A solution of 
14.6 g. of I in 100 ml. of dioxane and 25 ml. of a 10% hydro- 
chloric acid solution was heated for 2 hr. at, 60". The solu- 
tion \Tat) cooled to 25" and air evaporated to yield 15 g. of 
crude I, recrystallized from ethyl acetate to yield 12 g. 
(827 , )  of I, m.p. 146-147'. 

Keaction of I with benzoyl chloride. A mixture of 24.8 g. 
(0.17 mole) of I and 25.0 g. (0.17 mole) of benzoyl chloride 
ivaii heat,ed in an oil bath at  160' for 1 hr. The clear melt 
partially crystallized on cooling to room temperature. After 
the addition of 750 ml. of ether the mixture was stirred for 
1 trr. in an ice bath. The ethereal soliition was decanted and 
washed successively with aqueous solutions of sodium car- 
I)oiia,te, hydrochloric acid, sodium bicarbonate, and water. 
After renioval of the ether under vacuum the residue was 
recrystallized several times from an aqueous ethanol solu- 
tion to yield 2.0 g. of IV, m.p. 191-192". The residue, 15.0 g., 
from t,he original reaction mixture was washed as above to 
j-icld 10 g. of crude material which was recrystallizcd from 
(,thy1 ixetat,e. A total of 5.5 g. (36Sc yield) of I V  was 
obtained. On recrystallization from diliik ethanol the prod- 
uct. had m.p 1!11--.1(33' (reported5 m.p. 1<12-103'). 

.4nd.  Calcd. for CJI,,SS: C, G2.39; H, 4.03; E, 33.48. 
Found: C .  62.45; H, 3.91; N, 33.4:1. 

IZeacliori of I with benzoic anhyliida. h mixture of 21.8 g. 
(0.17 mole) of I and 38 g. (0.17 mole) of purified benzoic 

__ 
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anhydride was heated in an oil bath a t  160" for 1 hr. The 
crude product was crystallized from dilute ethanol to yield 
5.5 g. of product, m.p. 88-92". Recrystallization from dilute 
ethanol gave 5.0 g. (24%) of 111, m.p. 92-94', no depression 
on admixture with the product from the Schotten-Baumann 
reaction a t  20°, and benzoic acid. 

Reaction of I with benzoic acid and p-toluenesulfonyl chlo- 
ride. A solution of 10 g. (0.067 mole) of I in 50 ml. of pyridine 
was added slowly with stirring to a mixture of 23.6 g. (0.124 
mole) of p-toluenesulfonyl chloride and 7.6 g. (0.062 mole) 
of benzoic acid in 100 ml. of pyridine. The temperature was 
maintained a t  5-10" during the addition and for an addi- 
tional 1.5 hr. The reaction mixture was poured into 3 
volumes of ice water and the precipitated solid was filtered 
and air dried to yield 2.6 g. of 111. The filtrate was concen- 
trated by blowing air over the surface of the solution to 
yield an additional 1.0 g. of 111, total 3.6 g. (21.4% yield). 
Acidification of the filtrate to pH 2 resulted in the precipita- 
tion of 3.15 g. (31.5%) of I. 

When the reaction was carried out with 25.4 g. (0.134 
mole) of p-toluenesulfonyl chloride and 8.1 g. (0.067 mole) 
of benzoic acid in 50 ml. of pyridine, a total of 4.7 g. (27.4% 
yield) of 111 was obtained. 

Reaction of I with acetyl chloride in pyridine.  A solution of 
23.5 g. (0.3 mole) of acetyl chloride in 25 ml. of dioxane 
was added dropwise over 0.5 hr. to a solution of 29.1 g. of I 
in 100 ml. of dioxane and 31.6 g. (0 .4 mole) of pyridine. 
The temperature was maintained a t  20" during the addition 
and then the mixture was heated a t  55" for 1 hr. The mix- 
t,ure was diluted with 750 ml. of ether and stirred for 0.5 
hr. at  5' in an ice bath. The ethereal solution was decanted 
and washed successively with aqueous solutions of sodium 
carbonate, hydrochloric acid, sodium bicarbonate, and 
water. After drying over calcium chloride the ether was 
evaporated to yield 16.4 g. of crude product which was dis- 
tilled and collected a t  95-115" (0.5 mm.). A white solid 
(7.5 g., 247,) distilled first, followed by 6.5 g. of a clear 
liquid. The solid had m.p. 49-51" and on recrystallization 
had m.p. 50-51'. 

Anal .  Calcd. for C8H,PJ,O: C, 59.63; H, 4.35; N, 26.09. 
Found: C, 59.42; H, 4.41; N, 25.87. 

Redistillation of the liquid gave an additional 2.0 g. 
(total yield 307,) of j-acelyl-IH-benzolriazole and 3.0 g. 
(8%) of liquid, b,p. 112-120' (0.3 mm.). Analysis of the 
liquid fraction indicated the probable presence of the ester 
1 -acetoxymelhyl-lH-bentotriatole. 

Found: C, 57.60; H, 4.50; Pi, 23.10. 
Anal .  Calcd. for CgHgr\T302: C, 56.54; H, 4.71; N, 21.99. 

Acknou,ltdgrncnt. The assistance of Daniel J. Kay 
and Karl Schmidt in portions of the experimental 
work is gratefully acknowledged. 

[ C O K T R I B U T I O N  FROM 1;. 1 UU POST DE NEMOURS & CO. ,  INC., ]<ASTERN L.4BORATORY] 

Reduction of Nitroparaffins by Alkylation. I. Aklylation 
with Trialkyl Oxonium Salts' 

L. GUY UOXARUSIA? 

Ii'eccsiiml Fehriiar!/ 22, 1!i67 

Tlir ridiiction of i l r c  soiliiim nci salts of nitmcyclohrx:lne, nitrocyclopcntane, and 2-nitropropnnr hy  alkylation is tic,- 
s r r i l i i~~ .  Thr prq):irat  ion of trialkyl oxonium salts is discussctl. The prcparation and certain reactions of somc cyclohcxanono 
osimc-O-:ilkyl ethers is describcd. 

The  oxygen alkylation of nitroparaffin aci salts 
(I)  has hcrn studied by various investigat,or~.3--'j 

The usual products of the reaction are an oxime (IV) 
and a carbonyl compound (V). The naturc of thc 
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carbonyl compound (V) is determined by the con- 
stitution of the alkylating agent (11),3-6 

G i i  
+ (Rs12CHX 

/ 
I \  

Rz 0 
M = N a o r  K 

Ri-Cz=N 

X = C1, Br, I, SO&, OH 
R3 = alkyl, aryl, H 

I I1 

R C 5 O  
H 

.1 
0 
t 

RI-C=N-OCH(R)z + MX 
I 
I 

R2 
I11 

We have studied the alkylation of nitroparaffin 
aci salts (I) with various types of alkylating agents. 
This initial r epo~ t  describes the reaction of ni- 
tronate salts with trialkyl oxonium salts (II)7J to 
yield the oxime (IV) and oxime-0-alkyl ether (VII) 

The table shows data which indicate that certain 
nitronate salts (I) can be reduced to oximes (IV) in 
good yield by alkylation with trialkyl oxonium 
fluoborates (11). Oxime-0-alkyl ethers (T'II) are 
formed as by-products. The yield of oxime ether 
(VII) can be increased by using an excess of the 
oxonium fluoborate (11) and excess base. The table 
also shows that triethyl oxonium fluoborate (Ira) 
is slightly superior to trimethyl oxonium fluoborate 
(IId). The trimethyl oxonium salt ( I f d )  decomposes 
in water ten times faster7t8 than the triethyl homo- 
log (IIa) : 

(CH3)30 BF, + HzO + (CHa),O + HBF, + CH,OH 

Therefore, in order to obtain high yields of oxime 
(IV) by alkylation with IId it  was necessary to de- 
crease the amount of water in the reaction mixture 

The trialkyl oxonium tetrachloroferrates (IIb) 
and tetrachloroaluminates (IIJ were not good al- 
kylating agents. The yields of cyclohexanone oxime 
and cyclohexanone oxime-0-ethyl ether from al- 
kylation of sodium aci nitrocyclohexane with these 
oxonium salts were low. This may have been be- 
cause of the regeneration of the nitroparaffin or the 
formation of iron and aluminum aci salts from the 

by 50%. 

I11 -+ I V  + CHzO or CHICHO 
V 

I + I1 + IV -+- R,--CHN02 + R1C=NOCH3 or R.,C=S0CzHj 
I I I 
I 

Rz 

+ VI + M Z  

corresponding to the nitroparaffin aci salt (I) em- 
ployed, the ether (VI) from which the oxonium salt 
(11) was p r e ~ a r e d , ~ ~ ~  and products characteristic of 
the oxonium salt anion. Listed in Table I are the 
data obtained by reacting three alkyl nitronate 
sodium salts (I) with various trialkyl oxonium salts 
(11). 

(1) Portions of this material were disclosed in the speci- 
fication of U. S. Patent 2,763,685. 

( 2 )  Present address: Explosives Department Laboratory, 
Bldg. 336, Du Pont Experimental Station, Rilmington, 
Del. 

( 3 )  F. Arndt and J. D. Rose, J .  Chem. Soc., 1 (1935). 
(4 )  K. Harman and K. Bauer (to Farbenfabriken Baeyer), 

( 5 )  H. Welz and J. Weise (to Farbenfabriken Baeyer), 

(6) H. Welz (to Farbenfabriken Baeyer), German 

( 7 )  H. Meerwein, E .  Battenberg, H. Gold, E. Pfeil and 

( 8 )  H. Meerwein, G. Hing, P.  Hofmann, E. Kroning. 

German Patent 825,547 (Dec. 20, 1951). 

German Appln. F 1,054 (May 23, 1950). 

Appln. P 1,053 (May 23, 1950). 

G .  Willfang, J .  prakt.  Chem., 154, 83 (1940). 

anti E. Pfeil, i. prakt. Chem., 147, 257 (1937). 

nitronate salt by ferric chloride or aluminum chlo- 
ride generated from the oxonium salt (IIb or IIJ 
by alkylation or hydrolytic decomposition. 

This explanation seems reasonable because the 
yield of products (IT' and T'II) increased as the 
amount of excess sodium hydroxide in the reaction 
mixture was increased. This might be expected be- 
cause the excess alkali would prevent loss of I by 
regeneration to the nitroparaffin, would presum- 
ably precipitate more metal ions as hydroxides than 
as heavy metal aci salts, and leave more of the aci 
salt (I) available for alkylation. 

The alkylation of the sodium aci salt of nitro- 
cyclopentane with trimethyl oxonium fluoborate 
(IId) did not proceed well. The yield of cyclopenta- 
none oxime was only 42%. However, when the tri- 
ethyl homolog (Ira) was used the yield increased 
to 86%. An explanation for this observation may be 
the surmise that in order for the intermediate nitro- 
nate ester (111) to decompose and form an aldehyde 
or ketone (V) and an oxime (IV), the nitrogen- 
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TABLE I 
REACTIOX OF aci SALTS OR NITROCYCLOHEXASE, NITROCYCLOPENTANE, 

Legend 
(CHO)Et = Cyclohexanone oxime-0-ethyl ether 
(CPO)Me = Cyclopentanone oxime-0-methyl ether 
(CP0)Et = Cyclopentanone oxime-0-ethyl ether 
11, = Triethyl oxonium fluoborate; (C,H,),O +BF4- 
IIb = Triethyl oxonium tetrachloroferrate; (C2H,),0 +Feel4- 
11, = Triethyl oxonium tetrach1oroa.luminate: (C2HS),0 +AlCI,,- 
I I d  = Trimethyl oxonium fluoborate; (CH3)30 +BF4- 

.4KD 2-NITROPROPANB TYITH VARIOUS OXOSIUM SALTS 

S:i(ISCH) = Sodium aci nitrocyclohexnne 
K ( S C H )  = Potassium aci nitrocyclohexane 
Na( NCP)  = Sodium aci nitrocyclopentane 
Na(2NP) = Sodium aci 2-nitropropane 
CHO = Cyclohexanone oxime 
CPO = Cyclopentanone oxime 
(CH0)Me = Cyclohexanone oxime-0-methyl ether 

- 

Oxonium 
Salt Trmp., 
(11) "C. 

50-60 
50-60 
80--!00 
25-30 
50-60 

50-60 

50-60 
50-60 

50--60 

50-60 

50--60 
50-60 
50-60 
50--60 
50-f:x 

60-70 
60-70 

60-70 

yo Yield, % Yield, 

( IT ' )  (VII) 
Oxime Oxime Ether 

Remarks __-___ 
74, CHO 
79, CHO 
51, CHO 
52;CHO 
41, CEO 

32, CHO 

5, CHO 
10, CHO 

7, CHO 

I T ,  CHO 

7, CHO 
5. CHO 

35, CHO 
31, CHO 
66, CHO 

86, cro 
42, CPO 

20, acetoxime 

19, (CHO)Et 
12, (CHO)Et 
18, (CHQ)Et 
7 ,  (CHO)Et 
8, ( C I I O E t  

3 5 ,  (CHOjEt 

9, (CHO)Et 
5, (CH0)Et  

10, (CHO)Et 

10, (CHO)Et 

10, (CHO)Et 
8, (CHO)Et 
8, (CHO)L."ie 

21, (CHO)Me 
13, (CHO)Me 

5, (CPO)Et 
trace, (CPO)M( 

Absolute alcohol used as 
solven t 

1 molar excess NaOH 
used with 0.5 molar 
excess I1 

0.5 molar excess NaOH 

1.5 molar excess SaOII 

5 molar excess NBOH 

used 

used 

used 

mi sai:. concentration 
doubled over preced- 
ing reactions 

aci salt concentration 
doubled over preccd- 
ing reaction 

or 
AICI, 

I 
Tln 

F P C I ~  + 31 + RIC=NOs7 

AIC13 A. Is or 

oxygen bond should weaken T O  allow for the forma- 
tion of spccie(9) which might give rise t o  the prod- 
ucts (IT' and Y). Examination of molecular models 
indicates that a cyc.lopentyl nitronatr estcr (111) 
ileriwd from trirthy' oaonlun? fluohorate (11,) 

might he more unstsb!i: t lmi  8 methyl nitroxiztt~ 
cster diic to  more cron-ding of die rster portion of 
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the molecule by the a-carbon atoms and their hy- 
drogen substituents. This might tend to weaken the 
bond and facilitate the decomposition of the nitro- 
nate ester (111). Since the model of the ethyl ester 
exhibited more crowding than the model of the 
methyl ester, this rationalization might explain the 
difference in product yields obtained by the alkyla- 
tion of sodium aci nitrocyclopentane with the two 
oxonium salts. Difficulties of this nature were not 
present in models of the cyclohexyl homologs. Con- 
struction of models of cyclohexyl nitronate methyl 
and ethyl esters indicates that spatial relationships 
between the nitronate ester group and the rest of 
the molecule are present which might aid in weaken- 
ing the bonds necessary to  form the products of the 
reaction. 

As stated earlier, oxime ethers (VII) are formed 
as by-products of the reaction. Some cyclohexanone 
oxime-0-alkyl ethers have been prepared previously 
by Hudlicky and Hokrg by alkylation of cyclohex- 
anone oxime with dialkyl sulfates or alkyl halides. 
The properties of the cyclohexanone oxime-0- 
methyl and 0-ethyl ethers (VII) obtained from the 
alkylation of nitronate salts of nitrocyclohexane 
were comparable with those formed by alkylation of 
cyclohexanone oxime. As a further means of prov- 
ing the structure of the oxime ethers, cyclohexanone 
oxime-0-methyl ether was prepared by condensing 
cyclohexanone with methoxyamine hydrochloride. 

0 NOCH, 

The infrared spectra of the 0-methyl ethers pre- 
pared by the three methods were identical. The hy- 
drobromide salts of the cyclohexanone oxime-0- 
methyl ether obtained from the nitronate salt (I) 
could be decomposed in water and titrated to give 
values of the neutral equivalent close to the theo- 
retical value (211 observed; 208 calculated). 

Cyclohexanone oxime-0-ethyl ether was charac- 
terized in a similar manner. Cyclopentanone oxime- 
0-alkyl ethers were present in reaction mixtures 
only in very small amounts. They mere not charac- 
terized. However, the characteristic terpene-like 
odor of cycloalkanone oxime-0-alkyl ethers was al- 
ways present. 

The oxime-0-alkyl ethers (VII) appear to be very 
easily hydrolyzed by both acids and bases. It was 
possible to isolate cyclohexanone and ammonium 

(9) M. Hudlicky and J. Hokr, Collection Czechoslov. Chem 
Co~nmum. ,  14, 561 (1943). 

chloride by hydrolysis of cyclohexanone oxime-0- 
methyl ether with hydrochloric acid. Samples of 
cyclohexanone oxime-0-methyl ether which were 
presumed to be pure showed an increase of car- 
bonyl content (by infrared spectroscopy) upon 
standing. The removal of cyclohexanone from the 
crude cyclohexanone oxime-0-alkyl ethers (VII) 
obtained by distillation of the reaction mixtures was 
difficult. The ketone may have been present as a re- 
sult of the hydrolytic decomposition of cycloheba- 
none oxime and/or one of its 0-alkyl ethers or a cy- 
clohexyl-N-alkyl nitrone. lo Nitrones are known to be 
one of the products formed by the alkylation of 
oximes.1° 

t - +  
0 

N-0 Na 

R = I3 or CHs 

NOH 

+ (RCH,),O + KaBF4 + RCHO 

0 

NONa 

CHzR 

r0 NOCHnR 

+ I  I + (RCHzL0 + NaBF4 

KOH 0 

(10) L. I. Smith, Chem. Revs., 23, 194 (1938). 
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To purify a cyclohexanone oxime-0-alkyl ether it 
was necessary to wash the crude ether with a large 
excess of water prior to distillation. 

Cyclohexanone oxime-0-methyl ether was con- 
vcrted to t-caprolactam by treatment with hot con- 
centrated sulfuric acid.$ 

/--\ KOCH8 

Meerwein7s8 has described the preparation of oxo- 
nium salts (11) in some detail and formulated the 
reactions invoked in the synthesis of triethyl oxo- 
nium fluoborate using epichlorohydrin as follows: 

OBFz 
I 

~ C ~ C H Z ~ H C H Z O C Z H ,  + 3CzHsF 
IX x 

31'111 + 3X --+ 311, 

XI 

R e  were able to duplicate Meerweins7~* results. In 
addition, we were able to utilize the borate ester 
(XI) to prepare oxonium salts. 

NazCOs 
SI: + 3Hz0 ---- HaBOs + 3CzHjOCHzCHOHCHzCl 

XI1 

XEI + KaOH -+ C ~ H ~ 0 C F I ~ C ~ - C I I z  + NaCl 

XI11 
'i, ' 

Epiethylin (XITI'l could then be utilized in place of 
epichlorohydrin l o  prepare trialkyl oxonium salts. 

EXPERIMENTAL 

Oxonium salts (TI 1. The oxonium salts used rrere prepared 
according t,o the directions of Meer~vein .~ ,~  The salts ap- 
peared to be stable for several months when stored under 
ether. The epoxide used to prepare the oxonium salts was 
epichlorohydrin except in the case where epiethylin (XIII)  
was prepared from by-products formed by using epichloro- 
hydrin to prepare triethyl oxonium fluoborate. 

Preparation of epiethylin (XII I ) .  The preparation of 1.5 
moles of triethyloxonium fluoborate from 140 g, (1.5 moles) 
of epichlorohydrin was carried out.7,8 After removal of the 
oxonium salt by filtration, the ether was removed from the 
filtrate by distillation and the residue agitated with 100 m!, 
of saturated sodium carbonate solution and 100 ml, of 
water for 1 hr. At  the end of this time, the mixture was 
extracted with ether and the ext,ract washed with water end 
dried. The solvent was removed by distillation and the  
residue disbilled under vacuum to yield 122 g. of I-chloro- 
2-hydroxy-3-ethoxypropane (XII)  (b.p.lc 73') arid 22 g. 
of mixed borate esters ib.p.,, 155") derived from epichloro- 
hydrin. Epiethylir. was prepared from XI1 by Ihr method 

of Flores-Gallardo and Pollard. l! When epiethylin was 
employed to prepare triethyloxonium fluoborate (11,) 
instead of epichlorohydrin, the yield of oxonium salt (11,) 
was 80%. 

Reaction o j  trialkyl oioniiim salts (11) with ?Zitropflrufjir! 
aci salts (I). The method can bk best illustrated by descri1)- 
ing the preparation of cyclohexanone oxime from sodium a?: 
nitrocpclohexane. The departures from this procediire m r e  
by the addition of excess reagent,s (Table I )  or where tri.. 
methyl oxonium fluoborate (IId) was used as the alkylat,ing 
agent and the quantity of water employed was reduced 
50Yo. 

Preparation of cyclohexanone oxime (I\'). Txeiity-hvc? 
and eight-tenths grams (0.2 mole) of nitrocyclohexan? IVHQ 

dissolved in 100 ml. of crater containing 8.0 g. (0.2 mole) of 
sodium hydroxide by warming on a steam bath with good 
agitation. To this solution at  50-60" was added, in small 
portions, 38 g. (0.2 mole) of solid triethyl oxonium fluu- 
borate (IL). During the reaction, diethyl &her was liber- 
ated and refluxed very vigorously. When the addit,ion wa:: 
complete, the mixture was stirred 30 min. at  50". T h e  
reaction mixture was cooled to room temperature and, if 
necessary, the pH was adjusted to 5.  Enough sodium chlo- 
ride was added to the reaction mixture to saturate the wakr  
and the mixture extracted with et,her. The solvent was 
removed from the dry extract by distillation and the residue 
distilled under vacuum to yield 16.7 g. (74c1,) or cyclo- 
hexmone oxime (b.p.,, 102') and 5.4 g. (lilyc) or r*yclo- 
hexanone oxime-@ethyl ether (b,p.lo 60"). 'Thc oxinic r.!hc.r 
was conhminated with small amounts of cyclohesanonfl. 
Cyclohexanone was also found in the cold trap. Flaoboratc 
ion, which was present) in tjhe water, va.q isolated b:: ;)re- 
cipitation as potassium fluoborate with potassium acetate. 

The reaction products were characterized by compnrisori 
of their infrared spectra with t,he spectra of aulheiitic 
specimens of the products. 

Oxime-0-alkyl ethers (VI:). For characterization purposes, 
cyclohexanone oxime-0-methr-i ether and c~-clohes,zi,iiiic~ 
oxime-0-ethyl ether were prepared by t he  niethoti of 
Hudlicky and I i ~ k r . ~  

In order to take the infrared spectra of the methvl :md 
ethyl ethers, cyclohexailone had to be wmoxd .  This 
accomplished by washing [.he ethers with water and UT 

the washed ethere with magnesium 
the 0-methyl and 0-ethyi cyclohexa 
then taken on a Perkin-Elmer Model 21 Sgecirometer 

Condensation of cyclohrxanone with, 
grams (0.2.4 mole) of met~lioxyamine 
solved ii: 00 ml. of wvakr. Twenty-grerns (0.20 molc! of 
cyclohexanone wa.s added to thiEi solution dropxise with 
strong agitation. A water-insoluble liquid soon 
in the reaction inixt,ure. Mlien the addition of 
was complete, 80 ml. of 10%. sodium hydrox 
dropwise to the reactiorb. mlxiure at  26'. T!ie mixture was 
allowed t,o stir 30 nnn. at  room tempera-ciirr and extmctrd 
with et,her. The extract w,zs  washed with vxter and di.ied 
The solvent, was removed from tile exti.aci by distilhtioii 
to leave a rpsidue of 24.2 g. (05:;C) of crud.c cyclolip~~ino!ii .  
oxime-0-methyl ether. The prodiict was distilled i i r ~ d c > I  

va.cuum (b,p.,2 50") .  Thf: product had a n  infrmred sp'ct-rim 
identical mich that or" the cyclohexanone oxime-O-mc>l !iyi 
ether prepardd by the method of Hudlickj, and HOh+ iLnc! 
to t,he material obtained by the reacrion o f  sodi:irr: ILI f 

O-?nelhyl &e;. Twenty-seven 
mole) of cgclohexarione ouinrc-0-methyl ether was '1. 

slowly with stirring to 6U g. of 
perature of the acid diiring t 
or below b:; external cooling. 
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plete, the acid mixture was added with stirring to 30 g. of 
105% sulfuric acid a t  120-130". The hot acid solution was 
then allowed to stir a t  120" for 10 min. The mixture was 
cooled in an ice bath and neutralized with concentrated 
ammonia at  a temperature of 25" or below. One hundred 
milliliters of chloroform was added to  the neutral mixture. 
After agitation for 10 min., the mixture was filtered and the 
filter cake washed with chloroform. The organic layer was 
separated, the aqueous phase extracted with chloroform, 

and the combined chloroform solution dried. The solvent 
waa removed from the extract by distillation to  leave 18.5 
g. of crude semi-solid e-caprolactam. The crude lactam was 
distilled under vacuum to yield 17 g. (68%) of ecapro- 
lactam (b.p.1, 138'). The infrared spectrum of the product 
wa8 identical with the spectrum of an authentic sample of 
e-caprolact am. 
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The neopentyl type halides in bie(halomethy1)oxetanes are readily displaced by nucleophilic reagents. A number of such 
reactions have been studied, and the products characterized. 

In  comparison to  the tremendous amount of re- 
search which has been devoted to a study of the 
chemistry of ethylene oxides, the chemistry of tri- 
methylene oxides (oxetanes) has been overlooked 
under quite recently. Reviews of certain phases of 
earlier work have appeared' and in the past few 
years, a number of workers, notably Searlesz-8 
have contributed to  the field. I n  this paper some 
work carried out in these laboratories will be pre- 
sented. 

In general, the preparation of trimethylene oxides 
is carried out by removing the elements of HX from 
a l,&halohydrin, or better, a halohydrin acetate by 
treatment with alkali a t  elevated tempera- 
t u r e ~ . ~ ~ ~ - ~ '  The yields may be poor because of 
competing elimination reactions, resulting in the 
formation of open chain, unsaturated derivatives.2 
If the central carbon atom is substituted with 
negative groups, for example with two chloro- 
methyl groups,'2 the ring closure by alkali can be 
carried out a t  low temperatures, thus minimizing 
side reactions. A convenient source of an appro- 
priately substituted trimethylene oxide which has 
- 

( 1 )  S. F. Marrian, Chem. Revs. 43, 149 (1948). 
( 2 )  S. Searles and lf. J. Gortakowski, J .  Am. Chem. SOC., 

( 3 )  S. Searles and V. F. Butler, J .  Am. Chem. SOC., 76, 

(4)  S. Searles, M. Tamres, and E. R. Lippincott, J .  Am. 

( 5 )  S .  Searles and V. P. Gregory, J .  Am. Chem. Soc., 76, 

( 6 )  S. Searles, J .  Am. Chem. Soc., 76, 2313 (1954). 
( 7 )  H. S. Gutowsky, R. L. Rutledge, M. Tamres, and S. 

(8) S. Searles and M. Tamres, J .  Am. Chem. SOC., 73, 

75, 3030 (1953). 

56 (1954). 

Chem. Soc., 75, 2775 (1953). 

2789 (1954). 

Searles, J .  Am. Chem. Soc., 76, 4242 (1954). 

3704 (1951). 
(9)  C. Derick and D.  D. Bissell, J .  Am. Chem. SOC., 38, 

(10) G. Bennett and W. Philip, J .  Chem. SOC., 1938 
2485 (1916). 

(1928). 
~ (11 ). J. Rose, J .  Chem. SOC., 542,546 (1956). 

been recognized12 and exploited13-15 recently is 
pentaerythritol. This inexpensive raw material re- 
acts readily in glacial acetic acid with hydrogen 
chloride a t  elevated temperatures (ea. 160") to give 
tris(chloromethy1) ethyl acetate in high yield: 

HOAc 

solvent 
C( CH,OH), + 3HC1 + HOAC -+ (ClCHt)&CH20Ac 

The corresponding bromo derivative may be made 
in the same fashion. 

Ring closure in refluxing methanol with two 
equivalents of alkali yields the trimethylene oxide 
easily, despite the fact that the halogen displaced 
during ring closure is of the neopentyl type.'6 

The product, 3,3-bis(chloromethyl)oxetane, is 
quite stable under normal conditions, although it 
is quite sensitive to acidic reagents, and under 
proper conditions can be converted to  a high mo- 
lecular weight polyether, as reported by several 
~ o r k e r s . ~ ~ ~ ~ ~ ~ ~ ~ , ' ~  We find the halogen atoms are 
surprisingly reactiveIQ considering that they are 
still nominally neopentyl halides. They can be dis- 
placed by a variety of nucleophilic reagents under 
mild conditions. This enhanced reactivity un- 
doubtedly arises from the altered geometry of the 

(12) F. Govaert and M. Reyaert, Natuurw. Tijdschr 

(13) A. C. Farthing and W. J. Reynolds, J. Polymer Sci., 
Belg., 22, 73 (1940). 

12, 503 (1954). 
(14) A. C. Farthing, J .  Chem. Soc., 3648 (1955). 
(15) H. K. Boardman, paper presented before Delaware 

section of the AMERICAN CHEMICAL SOCIETY, Symposium 
Feb. 18, 1956. 

(16) S. Winstein and R. B. Henderson, Heterocyclic Com- 
pounds, Vol. 1, R. Elderfield, ed., J. Wiley and Sons, Inc., 
New York, 1950, p. 60. 

(17) U.S. Patents 2722340, 2722492, 2722493, 2722520, 
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(19) Compare Ref. 14. 


