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Abstract 
The major products of the hydrolysis of N,O-dibenzyl-N-nitrosohydroxylamines (3) are the denitrosated 
parent hydroxylamines (6); under mom forcing conditions, products of the further hydrolysis of 6 are 
obtained. Acetolysis in acetic acid gives the benzyl acetates derived from both N- and 0-substituents. 
With potassium tert-butoxide, the major path is abstraction of an 0-benzyl hydrogen followed by frag- 
mentation to the aldehyde and the benzyldiazotate ion. Possible mechanisms for the formation of the 
products are discussed. 

Introduction 

a-Hydroxy N-nitrosamines (1) resulting from the enzymatic hydmxylation of N-nitrosamines have been postu- 

lated as precarcinogens,’ which could eventually be transformed into biologically active species such as diazonium or 

carbonium ions. The hemi-aminal nature of a-hydroxy N-nitrosamines makes their isolation and routine use difficult; 

R’ 

R’-CHO R R 

+ - 

[ R-N=N-OH] 

1 
Scheme 1 

2 

derivatives such as a-acyloxy N-nitrosamines have been utilized for the study of cr-hydroxy N-nitrosaminesr On the 

other hand, N,O-diallql-N-nitrosohydroxylamines (2) are stable and their isosteric relationship with a-hydroxy N- 

nitrosamines suggests that they might behave in a manner similar to a-hydroxy N-niuosamines. Unfortunately there am 

very few reports on N,0dialkyl-N-nitrosohydmxylamines3-5 and to our knowledge the paper of Major et al.% is the 

sole study of the acid-catalyzed hydrolysis of N,Odialkyl-N-nitrosohydroxylamines (Eq. I) which was reported to give 

R 
\ 

NNO 
cont. HCl R = CHs, (CH,CH&CH 

R’C”,O’ 

- R’CHO + ROH + N2 (1) 
R’ = CH,, CH,CHz 

the products anticipated on the basis of the mechanistic path shown in Scheme 1. However, these procedures were less 

than clearly described, particularly with regard to reaction time, tempemtum and yield. ln view of the paucity of avail- 

able information, an investigation of the bchav or of N,O-dibenzyl-N-nitrosohydroxylamines toward acids and alkox- 

ides was undertaken. 
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Results and Discussion 

A. Hydr0lG.s in concenbwd H_vtihlotic Acid 

The hydrolysis of N-@methylbenzyl)-0-benzyl-N-nitrosohydroxylamine (3a) in cont. hydrochloric acid car- 

ried out at 70-90 “gave the denitrosated product N-(p-methylbenzyl)-0-benzylhydroxylamine (6a) as the major product, 

in addition to p-methylbenzyl chloride (7a), benzyl chloride (7b), N-(p-methylbenzyl)hydroxylamine @a) and p-tolu- 

aldehyde (5n) (Scheme 2 and Table I); neither the alcohol (4a) nor benzaldehyde (5b) expected on the basis of the 

PMGH&Hz \ 
N-NO 

PhCH20’ 

gMeC6H&H20H + PhCHO 
Pa 5b 

3a 
pMeCeH&H2NHOCH2P h + pMeCaH&HzCI 

6a 7a 

+ PhCH2Cl + pMeCeH&H2NHOH + gMeCsH&HO 

7b 8a 5a 

Scheme 2 

results of Majoe were found. The formation of 6a as the major product may be rationalized via initial protonation at 

the hydroxylamine nitrogen followed by loss of nitrosyl chloride (or nitrous acid) to affon-l hydroxylamine 6a as with 

N-nitrosamines (Eq. 2).2 On the other hand, when hydrolysis of 3a in cont. hydrochloric acid was carried out at reflza, 

___t pMeC6H,CHINHOCH,Ph + NuNO (2) 
PhCH 0’ ’ a H 

3a 

6a 

not even traces of 6a could be detected and the products were p-methylbenzyl chloride (7a), henzyl chloride (7b), p 

tolualdehyde (Sa) and N-(p-methylbenzyl)hydroxylamine (8a) in addition to trace amounts of benzaldehyde (5b); the 

yields of benzyl chloride (7b) and N-(p-methylbenzyl)hydroxylamine @a) increased signiticantly (see Table). Similar 

results were also obtained from the hydrolysis of N-benzyl-O-(n-methylbenzyl)-N-nitrosohydroxylamine (3b). 

TABLE 1. Solvolysis of 3a and 3b in cont. Hydrochloric Acid” 

Cmpd Temp. 
(“C) 

5a 5b 6a 6b 7a 7b 8a 8b 

3a 70-9ob 0.2 - 2.0 - 0.5 0.4 0.8 - 

3a 80-llOb 0.3 - 1.9 - 0.8 0.2 0.5 - 

3a reflux 0.1 traces - - 0.7 3.0 2.3 - 

3b leflux - 0.5 - - 3.8 0.7 - 2.0 

a) Units am in mm01 and four mm01 of nitrosohydroxylamine were used. b) Temperature of oil bath. 

The absence of N,O-dibenzylhydroxylamines (6) coupled with the increased yield of N-benzylhydroxy- 

lamines (8) and of the 0-benzyl-derived chlorides (7) in the reactions at reflux suggested that 6 might be a source of 

7 and 8. It had been reported that N,O-dibenzylhydroxylamine in aqueous hydrochloric acid at 150” afforded benzyl 
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chtoride and N-~~y~y~xyl~e.6 In order to confirm this possibiity, N-~zyl-O-~-~~yl~~yl)hy~oxyl- 

amino (6b) was heated in cont. hydrochloric acid at reflux and gave benxylaldehyde (Sb), p-methylbenxyl chloride 

(7a) and N-~~y~y~oxy~ (8b) in good yields. A possible mti~~on for the fo~tion of the products is 

3 
HCI IlrCH2\ + 

- N=N-OH ----w 
-NzO 

ArCH&I + fAr’CHION=NOH] ----+m Ar’CH20H 
Ar’CHzO’ lb 10 4a 

9 

At’CH,CI + [ArCH=NH] % ArCHO 

Y 7a Sb 

\e, %Olt HCl 

(Nu = Cl - or HaO) 

Ar’CHaOH + ArCH2NHOH 
4s 8b 

scheme 3 

shown in Scheme 3. While protonation at the amino nitrogen of 3 leads to denitrosation as discussed earlier (&. 2), pm- 

tonation at the nitrrtso oxygen followed by diiplacement by chloride ion (or water followed by reaction with HCl) could 

yield 7 and the benzyl hyponitrite IO; extrusion of nitrous oxide from 10 would lead to the alcohol 4 as had been pmvi- 

ously rep~rted;~ subsequent reaction with hydrochloric acid would account for the formation of 7. Lamberton and 

YusuPb had described the formati~ of nitrous oxide from the hy~l~~ of N-~~yl~~yl-N-~~~ohy~xyl~e 

in 40% sulfuric acid. Alternatively, protonation of 6 at oxygen followed by either nucleophilic displacement at the O- 

benzyl carbon fpath b) or mmoval of the a-hydrogen of the N-benzyl group (path a) would lead to the observed prod- 

ucts as depicted in Scheme 3. 

In view of the difference between our results of the hydrolysis in cont. hydrochloric acid and those of Major 

and his group?” it was felt that this dis~p~~y might perhaps be caused by the benzylic substimen~ on the ~~ohy- 

droxylamines studied. It was thus decided to reinvestigate the hydrolysis of N,O-dialkyl-N-nitrosohydroxylamines. 

Since the use of N-(n-butyl)-o-[(3-phenylpropyl)]-N-nitro as a substrate for this hydrolysis led to 

intractable tars, the hydrolysis of N-(3-~~l)-~-me~yl-N-ni~sohy~oxy~~e (11), one of the compounds used by 

Major, was carried out at room temperature. Even though 3-pentanol(12) was detected as a main product, them was no 

evidence of the formation of form~dehyde; N~3-~ntyl)-O-~~y~y~xy~me (W) was isolated as the major prod- 

uct. Thus, 3-pentanol(12) could not have arisen v&r the path described by Major and hi group (Eq. 1) but rather would 

(cH3cHA=H\ HCI NNO - 
CH,O’ 

(CH&H2)2CHOH + (CH3CH2)2CHNHOCH3 (3) 

12 13 
11 

be generated by direct displacement as well as by subsequent hydrolysis of 3-chloropentaue as shown in Scheme 4; no 

attempt was made to detect the by-product (metbanol) from the aqueous reaction mixture. Secondly, Major and his 

group bad reported the near qu~titative fo~ati~ of nitrogen (Eq. I) which suggested the total loss of two nitrogens of 

11; however, N-(3-pentyl)-0-metbylhydroxylamine (W) was obtained in approximately 50% yield in our experiment. 
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Scheme 4 

Although the gas generated was not measured or characterized in our experiments, the results obtained in our study 

clearly cannot accommodate the possibility of quantitative formation of nitrogen. It is conceivable that hydroxylamine 

l3 could be further hydrolyzed in a manner similar to N,O-dibenzylhydmxylamine but it has been reported that N,O- 

dialkylhydroxylamines are nearly inert to boiling aqueous acids and neither N- nor 0-substituents are easily removed 

by hydrolysis;” this was confirmed in the present work by the nearly quantitative recovery of hydroxylamine I3 from 

its attempted hydrolysis in cont. hydrochloric acid at reflux. Finally, the reaction did not require heating for completibn 

as previously described.3a 

B. AcetokjGs 

In order to gain further insight into the behavior of N-nitrosohydroxylamines, it was decided to study the solvol- 

ysis of N,Odibenzyl-N-nitcosohydroxylamines (3) in glacial acetic acid. The reaction of 3b in glacial acetic acid at 

mflux for 22 hrs gave benzyl acetate (14b), p-methylbenzyl acetate (14a) and benzyl p-methylbenzyl ether (15) as the 

ArCH3 
\ 

AfCH30 

NNO AcOHe ArCH3OAc + Ar’CH30Ac + ArCH30CH3Ar’ + [AVCHO] 
A 

14a 14b 15 

3a.b 

(4) 

a) Ar = g-MeGH,, Ar’ = &HS b) Ar = CsH,, Ar’ = p-MeGH, 

major products, in addition to a trace amounts of benzaldehyde; N-(p-methylbenzyl)-0-benzyl-N-nitrosohydroxylamine 

(3a) afforded similar results (Table 2); coincidentally the same products weR actually obtained in both cases. ‘Ihe ace- 

tolysis of 3a, carried out for shorter periods of time 

TABLE 2. Acetolysis of 3a and 3b in Acetic Acidhb under similar conditions afforded the same products in 

Cmpd 14a 14b 15 
addition to benzyl alcohol originating from the 0-benzyl 

substituent; however, the yield of benzyl acetate from 

3a 3.7 3.8 1.0 

3b 3.6 3.0 0.7 
a) Units are in mm01 and five mmol of nitrosohydroxyl- 

amine were used. b) At reflux. 

the 0-benzyl substituent decreased. These results clearly 

indicated that the alcohol had to be the precursor of the 

acetate and indeed, a control reaction of benzyl alcohol 

in acetic acid under similar conditions gave benzyl 

acetate in nearly quantitative yield. The fact that the denitrosated hydroxylamines (6) weE not the intermediate in this 

reaction (vide supra) was demonstrated by a control reaction of 6 with acetic acid; under the same conditions, N-acetyl- 

N,O-dibenzylhydroxylamines were obtained in nearly quantitative yield and only trace amounts of the benzyl acetates 

could be detected. 

The benzyl acetates 14 and 16 might be generated via a mechanism related to that proposed by White and his 

gmupsb involving extrusion of nitrous oxide with concunent generation of the N-derived benzyl carbocation and the O- 

derived benzyl alcohol, followed by reaction with acetic acid. Interaction of the carbocation with the alcohol within the 

solvent cage would account for the formation of the mixed dibenzyl ether as illustrated in Schenre 5. 
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Scheme 5 

C. Base-cat&zed Decomposition 

If N,O-dibenzyl-N-nitmsohydroxylamines decompose in a manner similar to a-hydroxy N-nitrosamines under 

*rW, , 
;-‘O 

Y 

Al’ 

- Ar’CHO + [ArCHzN=N-01 
-IT 

o+N “2 

_oH’ ArCHNz (5) 

J 
basic condiions,’ the products would be the arylaldehyde and the benzyldiazotate ion which is known to be. a precursor 

of the conespondmg aryldiazomethanes.p-ll 

ln order to minimize nucleophilic displacement observed with sodium methoxide and to avoid possible side- 

reactions, potassium ret?-butoxide was used to react with N-benzyl-O-@-methylbenzyl)-N-nitrosohydroxylamine (3b, 5 

mmol) in glyme (dimethoxyethane) at ambient temperature for 24 hrs, after quenching with acetic acid, benzaldehyde 

(1.2 mmol), p-tohtaldehyde (2.5 mmol), benzyl alcohol (0.5 mmol), p-methylknzyl alcohol (2.2. mmol) and phenyl- 

diazomethane (16b) (isolated as benzyl acetate, 2.3 mmol), were obtained. ‘Ihe formation of phenyldiazomethane could 

PhCH2 PhCHzOH + ArCHO + PhCHO 
\ 1. r-BuOK 

N-NO - 4b Sa 5b 

ArC&O’ 
2. AcOH 

(6) 

ArCH20H + PhCHNz (as PhCH20Ac) 

3b 4a 16b 14b 

be observed by the change in the color of the initially yellow solution of the nitroso compound to pink upon addition of 

the base; the pink color disappeared after quenching with acetic acid. A possible rationalization for the formation of 

phenyldiazomethane illustrated in Eq. 5 and Scheme I involves abstraction of a benzylic hydrogen of the 0-benzyl 

group followed by fragmentation to the benzyldiazotate ion and p-tolualdehyde (5, Ar = p-MeC,HJ which is one of the 

products characterized as shown in Eq. 6. It has been suggested by Gutsche and Johnson9 that the mechanism for the 

formation of aryldiazomethanes from benzyldiazotate ions follows an E2 elimination process by a hydrogen transfer 

followed by loss of hydroxide ion to give the diazoalkanes. Therefore, electron-donating groups on the ring should 

retard the reaction while electron-withdrawing groups should favor this reaction. Indeed, when the reaction was carried 

out with N-@-methylbenzyl)-O-benzyl-N-nitrosohydroxylamine (3a), the yield of acetate 14a was much lower than 

that of the N-benzyl case (14b); on the other hand, N-(p-chlorobenzyl)-O-benzyl-N-nitrosohydroxylamine (3~) afforded 

a much higher yield of p-chlorobenzyl acetate (14~). 

The formation of benzaldehyde and p-methylbenzyl alcohol may be rationalized by abstraction of the 

N-benzylic hydrogen by the base; loss of the benzyl alkoxide - which of course leads to the benzyl alcohol - would 

PhCH 
‘2 

N-N 

ArCH20’ 
\ 

3 O 

[PhCH=N-N=O] - PhCHO 

5a 

ArCHzO- SH b ArCH20H 

4 

(7) 
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yield N-nitrosobenzaldimine, an intermediate previously postulated to lead to benzaldehyde (Eq. 8).r” 

Y- 
PhCHz 

B- --+N=NoR -ROH 
[ 

Y- 
PhCH=N-E ‘-t PhCH=N-N=O -N2 _ PhCHO (8) + 1 

Moss” has suggested that the formation of a-methylbenzyl alcohol from the diazotate ion proceeds via a “sol- 

vent cage” mechanism Although the base-catalyzed decomposition was carried out in an aprotic solvent (glyme), proton 

abstraction by tert-butoxide could generate sufficient quantities of rerf-butanol (or rert-butanol left over from the prepa- 

ration of rerf-butoxide) to serve as a proton source for the formation of the minor product, benzyl alcohol (Scheme 6). 

R-N=N-O- r-BuoH+ [au’“] ,,, [B;,l;l,O-] z ROH + [ROBu-tl 

Scheme 6 

Meesters and his group’* have studied the reaction of N,O-dialkyl-N-nitrosohydroxylamines with organolithi- 

urn and Grignard reagents in order to prepare the corresponding azoxyalkanes. Although the expected products were 

obtained, albeit in relatively poor yields (O-50%), the by-products were unfortunately not reported, in view of our 

results, it is not unlikely the poor yields obtained by Meester might be rationalized in terms of abstraction of one of the 

cr-hydrogens thus leading to products similar to those obtained in our case. 

ln conclusion, the acid hydrolysis of N,O-dialkyl-N-nitrosohydroxylamines resembles that of the corresponding 

nitrosamines rather than that of the isosteric a-hydroxy N-nitrosamines. Gn the other hand, N,O-dialkyl-N-nitrosohy- 

droxylamines are solvolyzed by acetic acid at reflux, conditions which do not a&t nitrosamines. While removal of the 

more acidic a-hydrogen of the N-benzyl substituent occurs to a substantial degree, it is interesting to note that the 

removal of the 0-benzyl hydrogen is a major competing reaction. 

EXPERIMENTAL SECTION 

All mps and bps are uncorrected. lnfrared spectra were obtained on a Perkin-Elmer Infracord Model 137B spectropho 
tometer (KBr pellets or NaCl plates). Unless otherwise noted, NMR spectra were determined on a Hitachi Perkin- 
Elmer R-24 (60 MHz) and Varian XL 300 in carbon tetrachloride for liquid samples or deuteriochloroform for solid 
samples using tetramethylsilane as the internal standard. Mass spectra were recorded on a Varian Mat 8200 Mass spec- 
trometer. Elemental analyses were carried out by the Microanalysis Laboratories of the University of Massachusetts at 
Amherst. Gas liquid chromatographic analyses were performed on a GGW-MAC Instruments Co. Gas Chromatograph, 
Series 550 Thermal Conductivity Detector with DC-200 column, helium as a carrier gas (5 psi), the column, detector 
and injection temperatures were 110’, 135” and 120’ respectively; the retention times (min.) of compounds were benzyl 
chloride (14). p-methylbenzyl chloride (27), benzyl alcohol (11). p-methylbenzyl alcohol (20). benzaldehyde (7), p- 
tolualdehyde (15), benzyl acetate (22) and p-methylbenzyl acetate (47). All solvents used for the reactions were dried 
and kept over molecular sieves (4A). All products obtained from reactions were compared with authentic samples by 
spiking tic, ir and nmr spectra. Physical constants for benzyl alcohol, p-methylbenzyl alcohol, p-chlorobenzyl alcohol, 
benzyl chloride, p-methylbenzyl chloride, benzaldehyde, p-tolualdehyde, p-chlorobenzaldehyde, benzyl acetate, p- 
methylbenzyl acetate and p-chlorobenzyl acetate and p-chlorobenzyl acetate were obtained from one of the following 
sources: “CRC Handbook of Chemistry and Physics”, “Merck Index ” “Dictionary of Organic Compounds” and , 
Fieser’s “‘Reagents for Organic Synthesis”. 
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~(p-MeUlylbenzyl)bedoxi~.- A solution of O-Q-methylbenzyl)hydroxylamine (20 g. 0.15 mol). bp. 67’/0.3 

mm Hg [prepared in 83% yield from N-@-methylbenzyloxy)phthahmide (mp. 143-144.53 obtained from the reaction 

of N-hydroxyphthalimide and p-methylbenzyl chloride according to the procedure of Fujii et al.t3] and benzaldehyde 

(17 g, 0.16 mol) and one drop of cont. l-I$O, in ethanol (200 ml) was heated at reflux overnight. The ethanol was 

evaporated in vacua to give an oil which was dissolved in ether (150 ml). The ethereal solution was washed with aq. 

NaHSO, and water, dried over MgSO, and the ether was evaporated to give 25 g (82%) of O-(p-methylbenzyl)benzal- 

doxime. An analytical sample was obtained by crystallization from pet. ether, mp. 4545.5”; ‘H NMIk 6 8.05 (s, H-I, 

U-0,7.31 (br, 9H, ArH), 5.16 (s, 2H, CHJ, 2.22 (s, 3H, CI-J). 

Anal. Calcd. for C,,H,,NO: C, 79.97; H. 6.71; N, 6.22. Found C, 80.01; H, 6.76; N, 6.15 

O-Benzyl-(pchloro)benraidoxime.- A mixture of p-chlorobenzaldehyde (8.6 g, 70 mmol) and 0-benzylhydroxylamine 

(9.8 g, 70 mm01)*~ in 100 ml of ethanol with 1 drop of cont. H,SO, was heated to reflux overnight; the ethanol was then 

evaporated to give an oil which was dissolved in 150 ml of ether, The ethereal solution was washed with water, aq. 

NaHSO, and dried over MgSO,. After filtration, the ether was evaporated to give an oil which was distilled to give 15.2 

g (88%) of a colorless liquid, bp. 151”/0.3 mm Hg, which solidiied upon standing. An analytical sample was prepared 

by recrystallization from hexane, mp. 47.5-W; ‘H NMR: 6 7.84 (s, lH, CH), 7.20 (br, 9H. AlI), 5.05 (s, 2H, Cl-I& 

Anal. Calcd. for C,,H,,ClNO: C, 68.43; H, 4.92; N, 5.70; Cl, 14.43. Found: C, 68.65; H, 4.89; N, 5.63; Cl, 14.74 

N-(p-Methylbenzyl)-0.benzylhydroxylamine Hydrochloride.- To a solution of 0-benzyl p-tolualdoxirne (22.5 g, 

0.39 mol) and borane-pyridine complex (36 g, 0.39 mmol) in ethanol (200 ml) was added dropwise ethanolic hydrogen 

chloride (47 g in 138 ml of EtOH) at 15-W and the mixture was stirred at ambient temperature overnight. The white 

precipitate was collected, washed with water and airdried to give 18.4 g (70%) of the hydrochloride, mp. 180-185”; ‘H 

NMR (as free hydroxylamine): 6 7.12 (s, 5H, PhH), 6.98 (br, 4H, ArH), 5.39 (s, lH, NH), 4.47 (s, 2H, NCHJ, 3.79 (s, 

2H, OCHJ, 2.24 (s, 3H, Cl-Q. 

N-Benzyl-0-(pmethylbenzyl)hydroxylamine Hydrochloride.- To a solution of 0-(p-methylbenzyl)benzaldoxime 

(22.5 g, 0.1 mmol) and borane-pytidine complex (36 g, 0.39 mol) in ethanol (200 ml) was added ethanolic hydrogen 

chloride (47 g in 138 ml) at 25-W and the mixuue was stirred at ambient temperature overnight. The white precipitate 

was collected and washed with water to give 21 g of the hydrochloride (80%). mp. 182-184”. It was used for the nitro 

sation step without purification; ‘H NMR (as free hydroxylamine): 6 7.01 (s, PhH) 6.89 (br, 4H, ArH), 5.10 (br, lH, 

NH), 4.36 (s. 2H, NCHJ, 2.16 (s, 3H, CH,). 

N-(p-Chlorobenzyl)-0-benzylhydroxylamine Hydrochloride.- To a solution of 0-benzyl p-chlorobenzaldoxime 

(11.4 g, 0.04 mol) and borane-pyridine complex (14.9 g, 0.16 mol) in ethanol (85 ml) was added dropwise ethanolic 

hydrogen chloride (19 g in 55 ml of ethanol) at 20-35’ and the mixture was stirred at ambient temperature overnight. 

The white precipitate was collected and washed with water and dried to yield the hydrochloride, 9.8 g (880/o), mp. 160- 

161”. It was used without further purification for the nitrosation step; ‘H NMR (as free hydroxylamine): 6 7.08 (s, 5H, 

PhH), 7.00 (br, 4H, AS), 5.42 (s. 1H. NH), 4.37 (s, 2H, NCHJ, 3.29 (s, 2H, OCHJ. 

N-(n-Butyl-O-[(3-phenylpropyl)]~rbethoxyhydroxamate.- To a suspension of dry sodium hydride (0.9 g, 36 mmol) in 

THF (10 ml) in an ice-bath was added dropwise a solution of 0-[(3-phenylpropyl)]carbethoxyhydroxamate (7.7 g, 35 

ntmol) in THF (60 ml) and then the mixture was heated to reflux for 30 min. Subsequent dropwise addition of a solution 

of n-butyl iodide (6.7 g, 36 mmol) in THF (30 ml) to the reaction mixture cooled in an ice-bath and heating of the resulting 

mixture to mflux for 3 days gave a precipitate upon cooling. The mixture was filtered and the filtrate was concentrated to 

give an oil which was dissolved in ether (50 ml). The ethereal solution was washed with water, dried over MgSO,, and the 

ether was evaporated to afford an oil (9.1 g, 94%). The hydroxamate was utilized for the next step without purification. 
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N-(a-Butyl-0-[(3-phenyipropyl)lhydroxylamine.- A mixture of N-(n-butyl)-0-[(3-phenylpropyl)]carboethoxyhy- 

droxamate (9.04 g, 32.4 mmol) and sodium hydroxide (3 g, 75 mmol) in water (35 ml) and ethenol(25 ml) was heated 

to mfhtx for 2 days, then was diluted with 100 ml of water. The product was extracted with ether and the ethereal layer 

was washed with water, dried over MgSO, followed by evaporation of the ether to give 6.1 g of an oil. It was distilled 

to give 5.58 g (84%) of a colorless oil, bp. 98”/0.035 mm Hg. 

Anal. C&d. for C,,$,NO: C, 75.31; H, 10.21; N, 6.76. Found: C, 75.50; H, 10.21; N, 6.69 

N-(p-Methylbenzyt)-O-henzyl-N-nitrosohydroxylamine (3a).- To a suspension of N-@-methylbenzyl)-O-benzylhy- 

droxylamine hydrochloride (18.4 g, 0.07 mol) in ethanol-water (150 ml, 80 ml) in an ice-bath was slowly added 4 ml of 

cont. hydrochloric acid. After a solution of sodium nitrite (10 g, 0.14 mol) in water (80 ml) was added dropwise to the 

mixture, the mixtute was stirred at ambient temperature overnight. The pale yellow product which had precipitated was 

collected and washed with ether. Crystallization from methanol gave 15 g (84%) of pale yellow needles, mp. 83.5- 

84.5’; ‘H NMR: 6 7.13 (k 9H, ArH), 5.03 (s, 2H, NC%), 4.68 (s, 2H, 0CI-Q 2.25 (s, 3H, Cl$). 

Anal. Calcd. for C,,H,,N,O,: C, 70.29; H, 6.29; N, 10.93. Found: C, 70.08; H, 6.14; N, 10.92 

N-Benzyl-O-(p-methylbenzyl)-N-nitrosohydroxylamine (3h).- To a suspension of N-benzyl-O-@-methyl- 

benzyl)hydroxylamine hydrochloride (21 g, 0.08 mol) in ethanol-water (160 ml, 80 ml) in an ice-bath was slowly 

added cont. hydrochloric acid (8 ml). After the mixture was stirred for 30 min. in an ice-bath, a solution of sodium 

nitrite (11 g, 0.16 mol) in water (80 ml) was added dropwise to the suspension cooled in an ice-bath and the resulting 

mixture was stirred at ambient temperature overnight. The precipitated product was collected, washed with water 

and tecrystalliied from methanol to give 16 g (78%) of N-benzyl-O-@-methylbenzyl)-N-nitrosohydroxylamine, mp. 

88-89”; ‘H NMR: 6 7.32 (s, 5H, Phi-Q, 7.11 (s, 4H, ArH), 5.05 (s, 2H, NCH,), 4.79 (s, 2H, OCH,), 2.32 (s, 3H, CH,). 

Anal. Calcd. for C,,H,,N,O,: C, 70.29; H, 6.29; N, 10.93. Found: C, 70.06, H, 5.98; N, 10.91 

N-(p-Chlorobenzyl)-O-benzyl-N-nitrosohydroxylamine (3c).- To a suspension of N-(pchlorobenzyl)-0-benzylhy- 

droxylamine hydrochloride (8.6 g, 30 mmol) in ethanol (30 ml) and water (20 ml) in an ice-bath was slowly added 2 ml 

of cont. hydrochloric acid followed by the dmpwise addition of a solution of sodium nitrite (3.5 g, 50 mmol) in water 

(25 ml). The mixture was stirred at ambient temperature overnight and the pale yellow precipitate was collected and 

washed with water, recrystallization from methanol gave 7.52 g (90%) of pale yellow needles, mp. 56.5-57.5”; ‘H 

NMR: 6 7.16 (br, 9H, ArI-I), 4.97 (s, 2H, NC$), 4.79 (s, 2H, OCI$). 

Anal. Calcd. for C,,H,,ClN,O,: C. 60.76; H, 4.73; N, 10.13; Cl, 12.81. Found: C, 60.71; H, 4.80; N, 10.23; Cl, 12.60 

N-(n-Butyl-O-[(3-phenylpropyl)]-N-nit~sohydroxylamine.- To a solution of 4.14 g (20 mmol) of N-(n-butyl)-0-[(3- 

phenylpropyl)lhydroxylamine in water (20 ml) and ethanol (10 ml) cooled in an ice-bath was added dropwise cont. 

hydrochloric acid and then a solution of sodium nitrite (2.75 g, 40 mmol) in water (20 ml). The mixture was stirmd at 

ambient temperature and the oily product was extracted into ether. Ihe ethereal layer was washed with water, dried over 

MgSO, and the ether was evaporated to give 4.5 g of an oily product, which was then purified by chromatography on 

20 g of silica gel using chloroform as an eluent to yield 4.4 g (90%) of the pure product as a yellow oil. 

Anal. Calcd. for C,,H,,&O,: C, 66.07; H, 8.53; N, 11.86. Found: C, 66.35; H, 8.29: N, 11.78 

Hydrolysis of N-(p-Methylbenzyl)-O-benzyl-N-nitrosohydroxylamine (3a) in cone. Hydrochloric Acid 

At 7O-90”.- A suspension of 3a (1.02 g, 4 mmol) in cont. hydrochloric acid (50 ml) was heated at 70-90” (oil bath) 

under N, for 5 hrs. The white precipitate which had formed upon cooling was collected and dried to give 0.5 g (2.0 

mmol) of N-(p-methylbenzyl)-0-benzylhydmxylamine hydrochloride (mp. 180-185”); a portion was neutralized with 

aq. NaHCO, to give the corresponding free hydroxylamine for identification; its nmr and ir spectra were superimpos- 

able on authentic spectra. The filtrate was extracted with ether (50 ml x 2) and the ethereal layer was washed with water 
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until neutral, dried over MgSO, and the ether evaporated to give 0.13 g of an oil which was shown to contain benzyl 

chloride (0.4 mmol), p-methylbenzyl chloride (0.5 mmol) and p-tolualdehyde (0.2 mmol); the yields were estimated by 

integration of the NMR s~xzcuum. The aqueous layer was made basic with Na$Os and then extracted with ether. The 

ethereal layer was dried and the ether was evaporated to give an oil which solidified upon standing to yield N-@ 

methylbenzyl)hydroxylamine (0.11 g, 0.8 mmol) whose NMR spectrum was superimposable upon that of an authentic 

sample [iH NMR: 6 6.98 (br, 4H, ArH), 6.39 (br, 2H, NH and OH), 3.71 (s, 2H, CI-IJ, 2.21 (s, 3H, CH,)]. 

At 80-llo”.- A suspension of 3a (1.02 g, 4 mmol) in cont. hydrochloric acid (50 ml) was heated in an oil bath at 80- 

110” for 5 hrs. under nitrogen. After the same workup as described previously, N-@nethylbenzyl)-O-benzylhydroxy- 

lamine hydrochloride (0.49 g, 1.9 mmol) and N-(p-methylbenzyl)hydroxylamine (0.07 g, 0.5 mmol) were isolated and 

characterized. A mixture of benzyl chloride, p-methylknzyl chloride and p-tolualdehyde were obtained from the acid 

layer, and their yields were estimated by vpc to be 0.2 mmol, 0.8 mm01 and 0.3 mm01 respectively. 

At Reflux.- A suspension of 3a (1.02 g, 4 mmol) in cont. hydrochloric acid (50 ml) was heated at reflux for 5 hrs. 

under nitrogen. The cooled reaction mixture was extracted with ether (50 ml x 2) and the ethereal layer was washed 

with water until neutral and dried over MgSO,. The ether was evaporated in vacua to give an oil (0.49 g) consisting of 

p-methylbenzyl chloride (0.7 mmol), p-tolualdehyde (0.1 mmol), benzyl chloride (3.0 mmol) and a trace amount of 

benzaldehyde (vpc). The aqueous layer and the washes were combined and concentrated to give a solid which was then 

neutralized with saturated NaHCO, and extracted with etherThe ethereal layer was dried over MgSO, and the ether 

was evaporated in vuctw to yield a white solid (0.32 g, 2.3 mmol) whose nmr and IR spectra showed it to be N-@- 

methylbenzyl)hydroxylamine. 

Hydrolysis of N-Benzyl-O-(p-methylbenzyl)-N-nitrosohydroxyiamine (3b) in cone. Hydrochloric Acid at Reflux.- 

A suspension of N-benzyl-O-(p-methylbenzyl)-N-nitrosohydroxylamine (1.02 g, 4 mmol) in cont. hydrochloric acid 

(50 ml) was heated to reflux under nitrogen for 5 hrs. The cooled mixture was extracted with ether (50 ml x 2) and the 

ethereal layer was washed with water until neutral, dried over MgSO, followed by evaporation of the ether to yield 0.68 

g of an oil containing benzaldehyde (0.5 mmol), benzyl chloride (0.7 mmol) and p-methylbenzyl chloride (3.8 mmol), 

as determined by vpc. The aqueous layer and the washes were combined and concentrated in vucuo to give a white solid 

which was then neutralized with aqueous NaHCO, and then extracted with ether. The ethereal layer was dried over 

MgSO, and concentrated in vucuo to give a white solid (0.25 g, 2.0 mmol) whose nmr and IR spectra matched those of 

an authentic sample of N-benzylhydroxylamine [‘H NMR: 6 7.18 (s, 5H, PhH), 6.50 (br, lH, OH), 3.79 (s, 2H, CHJ]. 

Hydrolysis of N-Benzyl-0-(p-methylbenzyl)hydroxylamine (6b) in cone. Hydrochloric Acid at Reflux.- A suspen- 

sion of N-knzyl-0-@-methylbenzyl)hydroxylamine (0.53 g, 2.3 mmol) in cont. hydrochloric acid (25 ml) was heated 

at rcflux for 5 hrs. under N,. The cooled reaction mixture was extracted twice with ether (50 ml) and each ethereal layer 

was washed with water until neutral. The combined ethereal phase was dried over MgSO, and evaporated to give 0.24 

g of an oily mixture containing p-methylbenzyl chloride (2.4 mmol) and benzaldehyde (0.3 mmol) (vpc). The aqueous 

layer and the washes were combined and concentrated in vacw to give a white solid which was then neutralized with 

saturated NaHCO, and extracted with ether. The ethereal layer was dried over MgSO, and concentrated in vacua to 

give a white solid (0.2 g, 1.6 mmol) whose nmr and IR spectra were identical to those of N-bcnzylhydroxylamine. 

Hydrolysis of 04pMethylbenzyl)hydroxylamine in cont. Hydrochloric Acid at Reflux.- A mixture of 0.61 g (4.5 

mmol) of 0-@-methylbenzyl)hydroxylamine in cont. hydrochloric acid (50 ml) was heated to mflux for 12 hrs. under 

nitrogen atmosphere and diluted with 100 ml of ice water. After extraction with ether (50 ml x 2). the ethereal layer was 

washed with water and aqueous NaHCO,, dried over MgSO, and the ether was evaporated to give 0.43 g (3.0 mmol) of 

p-methylbenzyl chloride. However, neutralization of the aqueous layer followed by extraction with ether gave no product. 
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Hydrolysis of N-Benzylhydroxylami in cont. Hydrochloric Acid at Reflux- To cold cont. hydrochloric acid (50 

ml) was added slowly 0.49 g (4 mmol) of N-benzylhydroxylamine and the mixture was heated to refhrx for 5 hrs. under 

N, and then dihrted with 30 g of ice. It was extracted with ether (50 ml x 2) and the ethereal layer was washed with 

water, dried and the ether was evaporated to give 0.01 g of a residue. ‘lhe aqueous layer was made basic with solid 

NaHCOs and extracmd with ether. The ethereal layer was dried and the ether was evaporated to give 0.39 g of N-ben- 

zylhydroxylamine (80% recovery). 

Hydrolysis of N-(n-Butyl)-O-(3-phenylpropyl)-N-nitrosohydroxylami~.- An oil bath was preheated to 55’. A mix- 

ture of the nitrosohydroxylamine (4 mmol) in cont. hydrochloric acid (50 ml) was heated in the oil bath under N, atmo- 

sphere and the temperature of the mixture was kept at 45’ for 24 hrs. The reaction mixture was diluted with 100 g of ice 

and extracted with ether (50 ml x 2). The ethereal solution was dried over MgSO, and the ether was distilled at atmo 

spheric pressme to leave a black oil which was distilled and an unknown colorless liquid was collected, bp. 40-100” at 

atmospheric pressure. Neither n-butyl chloride nor butyraldehyde could be detected by vpc which exhibited many peaks. 

Hydrolysis of N-(3-Pentyl).0-methyl-N-nitrosohydroxylamine (11) in cone. Hydrochloric Acid.- To 1 g (6.8 

mmol) of N-(3-pentyl)-0-methyl-N-nitrosohydroxylamine3* in an ice-bath was added dropwise 2 ml of cont. 

hydrochloric acid under N, atmosphere; gas evolution could subsequently be observed After the vigorous reaction was 

over, the yellow color of the reaction mixture had disappeared. The reaction mixtum was stirred at ambient temperature 

overnight and then neutralized with a saturated solution of sodium bicarbonate. The hydrolysis products were extracted 

with 20 ml of ether and the ethereal layer was washed with water. After drying over MgSO,, the ether was carefully dis- 

tilled to give 0.48 g of an oil whose vpc showed two products, 3pentanol (1.5 mmol) and N-(3-pentyl)-O-methyIhy- 

droxylamine (3 mmol); their retention times were 13 min. and 8 min. respectively. The vpc was carried out on a car- 

bowax column, at 80’, 120” and 95’ (column, detector and injection port temperatures respectively). 

In thep-nitrophenylhydrazine hydrochloride trap which was attached to the condenser, 10 mg of a solid had precipitat- 

ed. However, it did not match authenticp-nitrophenylhydrazone of formaldehyde by ir and tic. 

Solvolysis of N-Benzyl-O-(p-methylbenzyl)-N-nitrosohydroxylamine (3b) in Acetic Acid at Reflux.- A solution of 

1.23 g (5 mmol) of N-benzyl-O-@-methylbenzyl)-N-nitrosohydroxylamine (3b) in 15 ml of acetic acid was degassed 

with nitrogen for 30 min. and heated to mflux for 22 hrs. The mixture was poured into 150 g of ice-water and extracted 

with ether (50 ml x 2). The ethereal layer was washed with saturated aqueous NaHCO, and water, dried over MgSO,, 

and the ether was evaporated to give 1.30 g of an oil, which was then chromatographed on 50 g of silica gel with hen- 

zene as eluent. Benzyl (p-methylbenzyl) ether 0.7 mmol) was collected in the earliest fraction. The next fraction con- 

tained, in addition to p-tolualdehyde (0.03 mmol), p-methylbenzyl acetate and benzyl acetate and the remaining fmc- 

tions also contained the two acetates. The total yields of p-methylbenzyl acetate and benzyl acetate estimated by the 

mnr spectra of the acetate fractions were 3.6 mm01 and 3.0 mmol respectively. 

Solvolysis of N-(p-Methylbenzyl)-O-benzyl-N-nitrosohydroxylamine (3a) in Acetic Acid 

At Reflux.- A solution of N-@-methylbenzyl)-O-beuzyl-N-nitrosohydroxylamine (3a, 1.23 g, 5 mmol) in acetic acid 

(15 ml) degas& for 15 min. with nitrogen, was heated to reflux for 9 hrs. and stirred at ambient temperature for 14 hm. 

The reaction mixture was poured into 150 ml of ice-water and extracted with ether (50 ml x 2). The ethereal layer was 

washed with saturated aqueous NaHCO, and water, dried over MgSO, and the ether was evaporated to give 1.36 g of 

an oil containing benzyl @-methylbenzyl) ether (1.0 mmol). p-methylbenzyl acetate (3.7 mmol) and benzyl acetate (3.8 

mmol), whose identity and yields were estimated by nmr spectrum of the oil. The oil was chromatographed on silica gel 

(50 g), using benzene as eluent. Benzyl @-methylbenzyl) ether (total 1.0 mmol) was eluted fit, then a mixture of hen- 

zyl acetate and p-methylbenzyl acetate was obtained in several fractions. The yields of p-methylbenzyl and benzyl 
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acetates as estimated by the nmr spectra of the acetates fraction were 3.4 mm01 and 3.6 mm01 respectively. 

At loo”.- A solution of 1.02 g (4 mmol) of 3a in 20 ml of acetic acid was stirred at ambient temperature for 20 hts 

under nitrogen; the color of the solution did not change. It was heated to about loo” for 5 hrs. then stirred at ambient 

temperature for 24 bts. After work-up as described previously, 0.81 g of an oil was obtained. The yields were estimated 

from the nmr and vpc as follows: benzyl acetate (0.3 mmol), p-methylbenzyl acetate (3.1 mmol), benzyl alcohol (0.7 

mmol) end bcnzyl @-methylbcnzyl) ether (0.9 mmol). 

Reaction of Benzyl Alcohol in Acetic Acid.- A solution of benzyl alcohol (1.06 g, 10 mmol) in acetic acid (30 ml) was 

heated at refhrx for 24 hrs. under nitrogen. The reaction mixture diluted with 100 g of ice was extracted with ether (50 

ml x 2) and the ethereal layer was washed with water and aq. NaHCO,. The dried ethereal layer was concentrated to 

give 1.32 g (88%) of an oil, which was primarily benzyl acetate; only trace amounts of benzyl alcohol (and benzalde- 

hyde, present in the starting material) wete detected. 

Reaction of N-@-Methylbenzyl)-0-benzylbydroxylamine in Acetic Acid.- A solution of N-(p-methylbenzyl)-O-ben- 

zylbydroxylamine (0.5 1 g, 2.3 mmol) in acetic acid (15 ml) was heated to reflux for 24 hrs. under nitrogen and the cooled 

reaction mixture was diluted with 100 ml of ice water, After extraction with ether (50 ml x 2). the ethereal solution was 

washed with water and aq. NaHCO,, dried over MgSO, and the ether was evaporated to give 0.44 g (87%) of a colorless 

oil which contained N-acetyl-N-(p-metbylbenzyl)-O-benzylhydroxylamine as the major product. The p-methylbenzyl 

and benzyl acetates were formed in trace amounts. The ir and nmr spectra of the N-acetylbydroxylamines were superim- 

posable on those of an authentic sample prepared from the acetylation of the corresponding hydroxylamine according to 

the procedure of Ludwig et aLr4 A mixture of N-@-methylbenzyl)-0-lxmzylhydroxylamine (0.114 g, 0.5 mmol), pyri- 

dine (0.039 g, 0.5 mmol) and acetyl chloride (0.39 g, 0.5 mmol) in benzene (5 ml) was heated to mflux overnight. The 

white solid which had precipitated was removed. The filtrate was washed with water, dried over MgSO, and concentrat- 

ed in vacrw to give an oil (0.13 g, 93%) which was uiturated with ether-pet. ether to afford a white solid, mp. 66-66.5’. 

Anal. Calcd. for C,,H,$\TO,: C, 75.81; H, 7.11; N, 5.20. Found C, 75.73; H, 7.05; N, 5.18 

Reaction of N-Benzyl-O-@-methylbenzyl)-N-nitrosohydroxylamine (3b) with Potassium ferf-Butoxide in Glyrne.- 

To a solution of N-benzyl-O-(p-methylbenzyl)-N-nitrosohydroxylamine (1.26 g, 4.9 mmol) in glyme (20 ml) was added 

0.6 g (5 mmol) of potassium rert-butoxide and the mixture was stirred at ambient temperature for 24 hrs. under a nitro- 

gen atmosphere. To the pink reaction mixture cooled in an ice bath was added acetic acid (1 ml) and the mixture was 

stirred for 30 min. After addition of 50 ml of water, the products were extracted into ether (50 ml x 2) and the ethereal 

layer was washed with saturated NaHCO, and dried over MgSO,. The ether was evaporated to give an oil (1.09 g) 

which was shown to contain benzaldehyde (1.2 mmol), p-tolualdehyde (3.5 mmol), benzyl alcohol (0.5 mmol), p- 

methylbenzyl alcohol (2.2 mmol) and benzyl acetate (2.3 mmol) by nmr and vpc; the yields were estimated by vpc. 

Reaction of N-(p-Methylbenzyl)-O-benzyl-N-nitrosohydroxylamine (3a) with Potassium feti-Butoxide in Glyme.- 

To a solution of N-@-methylbenzyl)-O-benzyl-N-nitrosohydroxylamine (1.26 g, 4.9 mmol) in glyme (20 ml) was added 

potassium terf-butoxide (0.6 g, 5 mmol) and the mixture was stirred at ambient temperature for 24 hrs. After work-up 

of the pink reaction mixture as described in the previous reaction, 1.06 g of an oil was obtained and chromatographed 

on silica gel (50 g) using benzene as first eluent to give p-tolualdehyde (1.9 mmol), benzaldehyde (0.4 mmol) and p- 

metbylbenzyl acetate (1.2 mmol) characterized and estimated by nmr and vpc. Benzyl alcohol (3.0 mmol) and p- 

methylbenzyl alcohol (0.7 mmol) were obtained as a mixture in second and third fractions using chloroform and 

methanol respectively as eluents and their yields were estimated by vpc. 

Reaction of N-(p-Chlorobenzyl)-O-benzyl-N-nitrosobydroxylamine (3~) with Potassium terf-Butoxide in Glyme.- 

To a solution of 1.38 g (5 mmol) of N-@-chlorobenzyl)-O-benzyl-N-nitrosohydroxylamine in glyme (20 ml) was added 




