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The benzoate of I-hydroxymethyl-lH-benzotriasole (I)  has been prepared by the reaction of I with benzoyl chloride 
in t,he presence of aqueous sodium hydroxide, with benzoic acid and p-toluenesulfonyl chloride in pyridine solution and with 
benzoic anhydride a t  160'. I-Benzoyl-lH-benzotriaaole has been prepared from I and benzoyl chloride in the presence of 
pyridine or dilute hydrochloric acid. 1! 1'-Met~hylenehisbenzotriazole was prepared by the reaction of I with benzoyl chloride 
at, 160". Treatment of I with acetyl chloride in the presence of pyridine yielded 1-acetyl-lH-beneotriazole and possibly the 
acetate of I. 

The reaction of I-hydroxymethyl-1H-beiizotri- 
azole (I) with benzoyl chloride and pyridine in di- 
oxane solution has been shown t o  yield the amide 
1-berzoyl-IH-benzotriazole (IT) instead of the 
benzoate (111) of I.' The present investigation was 
concerned with the behavior of I under acylating 
conditions. 
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The reaction of I with benzoyl chloride and py- 
ridine in dioxane solution a t  60" gave a 56% yield 
of the amide (11). The reaction of I with benzoyl 
chloride in pyridine so1:ition at 20" gave 19% of 11. 
No reaction was observed when I was heated in a 
pyridine solution a t  GO" for 2 hr. It' has previously 
been post'ulated' that' I1 may arise either by the 
elimination of formaldehyde to  yield 1H-henzotri- 
azole followed by amide formation or by the direct 
displacement of the methylol group by 
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The absence of a reaction when I was heated 
with pyridine a t  GO" precludes the elimination of 
formaldehyde from I prior to  the reaction with 
benzoyl chloride at either 20" 01  60". The presence 
of pyridine r n ~ v  enhance the  polarization of t'he car- 
bonyl group in the acyl chloride or may even par- 
ticipate in the ionization of the compound in the 
form of the acyl pyridinium chloride. 

I -Renzoylox ynie t h yl- I El-benso t riazol e (I I I) was 
prepared by a Schotten-Baumann reaction of I 
with benzoyl cliloride in  the presenoe of a 10% 
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sodium hydroxide solution, in 40% yield a t  20" and 
in 26.570 yield at 45-65". TI1 was identified by ele- 
inent'al analysis, an infrared absorption band a t  
5.75 p, characteristic of an est'er group, and its be- 
havior on reduction with lithium aluminum hy- 
dride and sodium b ~ r o h y d r i d e . ~  Whereas I and I1 
yield the picrate of benzotriazole,' attempts to  pre- 
parr: a picrate Erom IT1 were unsuccessful. 

The Schot't'en-Baumann reaction with I a t  60" 
gave a 527, yield of benzotriazole without) t'he for- 
mation of TIT. Treatment of I with a dilut,e sodium 
hydroxide solution gave 8% of benzotriazole at. 20" 
and 917c a t  GO", with the residual recovered ma- 
&rial being unreacted I. 

The loss of formaldehyde from I at, GO" in the 
presence of base is responsible for the failure to  o b  
tain IT1 in the Schotten-Baumann reaction. The 
isolation of henzotriazole instead of I1 under t,hese 
conditions is probably due to t'he hydrolysis of the 
acyl chloride. At 20" I is not as readily decomposed 
by the base, so that esterification occurs in the prcs- 
ence of benzoyl chloride. i2t 45" the yield of III is 
reduced as a result of the considerably greater de- 
composition of I aiid,'or benzoyl chloride. 

The reaction of 1 with benzoyl chloride iii the pres- 
enre of dilute hydrochloric acid in dioxane at  20" 
gave 397, of 11. At, 60" t8he only product isolated 
tesidcs I was benzoic acid. Diiute hydrochloric arid 
with T in dioxane at 60" gave no reaction. Appar- 
ently I is riot at,tacked by dilut'e acid a t  00" al- 
t,hough the elimination of formaldehyde occurs in 
the presence of base. However, a t  60" the acid 
hydrolyzes  the benzoyl chloride so that reaction 
with I does not occur. At 20" neither hydrolysis of 
the acid chloride nor att,ack on I o m m  to an ex- 
tent t,o interfere with the formation of 11 by a re- 
action which may be analogous to t'hat' nhich orcurs 
i n  the presence of pyridine. 

Treahient of I wkh benzoyl chioride for I iir. a t  
160" gave a XO/, yield of a condensation product, 
I ,  1 '-methylenehisbenzotriazole (IT'), previously 
preparcd from bmzotriazole and 1 -c~hloromctliyl- 

( 4 j  N. G. Caylord arid D. J .  Kay, unpublished work. 
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1 H-benzot,riazole with sodamide in toluene.& KO 
isomeric 1,2-methylenebishenzotriazo~e, obtained in 
470 yield in the latter reaction, was identified in the 
present case. No picrate could be obtained from 
IV. 

The formation of the condensation product (IV) 
may be analogous to  the curing mechanism of urea- 
formaldehyde and melamine-formaldehyde resins. 
Thus, the elimination of formaldehyde and water 
between two molecules of the N-methylol com- 
pound would yield the methylene derivative. Alter- 
natively, the elimination of water between mole- 
cules of I and benzotriazole would yield IV. The 
benzotriazole may arise through the thermal de- 
composition of I. A carbonium ion, arising by the ac- 
tion of benzoyl chloride on I, may he an intermedi- 
ate in the reaction as shown. 
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CH2OH 
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R = H or CH,OH 
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IV 
The reaction of I with benzoic anhydride a t  I GO" 

gave I11 in 24% yield. Treatment of I with benzoic 
acid and p-toluenesulfonyl chloride in pyridine solu- 
tion6 gave a 27% yield of 111. 

An alcoholysis reaction between I and ethyl ben- 
zoate with acid catalysis in dioxane solution was un- 
successful. 

Treatment of I with acetyl chloride and pyridine 
in dioxane solution at  GO" yielded 30% of the amide, 
1-acetyl-123-benzotriazole. An impure liquid frac- 
tion, isolated in 8% yield, had an elemental analysis 
which indicated the probable presence of the ester. 
The amide gave the picrate of benzotriazole. 

EXPERIMENT.4L 

l-H!/d,~o~!/,,ictk!/1-~H-berc~olriaeolc ( I ) ,  m,p. 148-1 4 9 O ,  was 
prepared in 847; yirld from henzotr,iazolr, formalin, i iritl  
acetic acid, arcording to the procediire of Burckhalter, 
Stephens, and HaK6 

(5)  J. H. Burckhaltcr, V. C. Stephens, arid I,. A .  It. Hdl, 

(6) J. H. Brewster and C. J. Ciotti, Jr . ,  J .  Am. Chcni. SOC., 
J .  Am. Chem. SOC., 74, 3868 (1952). 

77, 6214 (1955). 

Reaction of I with benzoyl chloride in pyridine at 609, 
according to  the procedure of Gaylord,' gave l-benzoyl- 
IH-benzotriazoke (11), m.p. 110-112O, in 56% yield. 

Reaction of I with benzoyl chloride in pyridine at 20". I 
(14.6 g., 0.098 moIe) was dissolved in 75 ml. of pyridine and 
the solution was cooled to 12'. BenzoyI chloride (21.1 g., 
0.15 mole) wm added dropwise over a period of I hr. and 
the temperature was raised to 20". A white precipitate 
formed during the addition. The reaction mixture was 
diluted with 350 ml. of ether and stirred for 30 min. whiIc 
the flask was immersed in an ice bath. The ethereal solution 
was decanted from the precipitate and washed successively 
with aqueous solutions of sodium carbonate, hydrochloric 
acid, sodium bicarbonate, and water. The volatile solvents 
were removed under vacuum and the residual solid, 14.6 g., 
was recrystallized from ethyl acetate to yield 4.0 g. ( 18.5y0 
yield) of 11, m.p. 110-112° (reported' m.p. 110-113°). A 
mixed melting point with authentic material showed no 
depression while a mixed melting point with benzotriazole, 
m.p. 98", was m.p. 70-85". 

The attempted reaction of I with pyridine at 60" for 2 hr. 
resulted in the quantitative recovery of I. 

Reaction of I with benzoyl chloride in sodium hydroxide 
solution. A .  At 60'. A slurry of 29.1 g. (0.19 mole) of I in 50 
ml. of water was heated with stirring to 60". While the tem- 
perature was held a t  60", 200 g. of a 10% sodium hydroxide 
solution and 42.2 g. of benzoyl chloride were simultaneously 
added over 1 hr. at, such a rate that three drops of the basic 
solution were added for each drop of acyl chloride. A white 
precipitate formed during the addition. The mixture was 
stirred for an additional 20 min. until the temperature 
(dropped to 40". After standing overnight the mixture was 
filtered to yield 40 g. of crude, air-dried product. The crude 
material was recrystallized once from ethyl acetate and 
,twice from a benzene-hcsane mixture to yield 12 g. (52%) 
.of benzotriazole, m.p. 95", no depression on admixture with 
:authentic material. 

B. At $0". The slurry of I in water was cooled to 5'. 
lPuring the first 0.5 hr. of t,he addition of sodium hydroxide 
and benzoyl chloride the tc:mpcraturc, rose to 20" and was 
held nt 20" for the remaining 0.5 hr. The crude, air-dried 
product, 40 g., was recrystallized from 75 g. of ethyl acetate 
to  yield 19.5 g. (39.5%) of 111, m.p. 93-94', unchanged 
after recrystallization from hcxane. Admixture with benzo- 
triazole gave m.p. 70-84" and admixture with II gave m.p. 

Anal .  Calcd. for Cl4HlIK3O~: C, 66.40; H, 4.35; N, 16.61. 
Found: C, 66.19; H, 4.20; N, 16.6!1. 

The infrared absorption spectrum of I11 showed a strong 
band at 5.75 f i ,  characteristic of an ester gror~ping. 

C. A t  45-65'. I (29.1 g., 0.19 molc) was dissolved i n  200 
g. of 10%; sodium hydrosidc (0.5 molc) solution a t  25' and 
cooled at 20". Benzoyl chloride (42.2 g., 0.3 mole) was 
added dropwise over 45 min. during which time the tem- 
perature rose to 45". The reaction mixture was maintained 
a t  45' for an additional 45 min. after the addition was com- 
plete, and then the temperature was raised to 65" over a 
15 min. period. The mixture was cooled to 25", filtered, 
and the precipitate was washed with ice cold water and air 
dried to yield 35 g. of crude product. Recrystallization from 
125 ml. of ethanol gave 22.0 g. of material which was dis- 
solved in 70 g. of ethyl acetate and precipitated with 65 g. 
hexane, cooled to 10" and filtered to yield 13.0 g. (26.47,) 
of white needles, m.p. 93-84", no depression on admixture 
with 111 obtained in 20" reaction. 

1 2 e ~ l i o r ~  o j  I with sodium h&oride. A .  At 60". I (14.6 g.) 
was diswlvtd i i i  1M) g. of a sodium hydroxide solution 
and hcatecd in a water bath at 60' for 2 hr. The Rolution 
wa~i  coolcd to 25' and twated with 75 ml. of 10%) hydro- 
chloric acid t o  adjwt the p H  to 0.0. The mixture waa cooled 
to 5" and filtered to yield 11.1) g. (Y l$7>)  of benzotriazole, 
m.p. 98O. 

R. At ZOO. Thr solution obtained Sfter holding I in aqueous 
sodium hydroxide for 2 hr. at ZOp wag5 treated with 85 mi, 

78-100'. 



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. 
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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 


