
-retnkdroa. 1%1. VOI IS. pi 60 IO 6s. Pcqm Pras Ltd. prlncal Ln N- Iti 
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STRUCTURE OF THE SO-CALLED NITROSITES FROM THE ADDITION 

OF DINITKOGEN TRIOXIDF TO I-ARYLCYCLOHEXENES 
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(Rrceiced 20 .%rch 1% I ) 

Abdrad. .Thc solid byproducts form4 in the addltron of dinnrogcn trwxdc to I-arylcyclohcxcncs 
have been shown to bc 3-nitro-2-aryL2cyclohcxcnonc oxlmcs arising from mrrosation of 2-mrro-l- 
arylcyclohcxcncs. 

TIIE first paper* of this series reported the formation of a yellow solid, m.p. 224’ 
(decomp) by the reaction of I-phcnylcyclohcxcnc (I) with dinitrogen trioxidc under 
certain conditions. Under other conditions, the predominant product was 2-nitro-l- 
phcnylcyclohcxene (11). The solid dissolved in cold alcoholic alkali, yielding a deep 
red solution, from which it was rccovcrcd unchanged by acidification. It afforded an 
acetate with acetic anhydride in pyridine, from which again it was regenerated by 

mild hydrolysis. Oxidation of the yellow solid gave a good yield of bcnzoic acid. 
Thcsc data and preliminary analytical results on the solid led to the tentative formula- 
tion* of its structure as 2-nitro-I-nitroso-I-phenylcyclohcxanc (III). Analogous 
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compounds were obtained from the addition of dinitrogen trioxidc to I-o, I-nr and 
I-ptolyl and I-m-mcthoxyphenylcyclohcxenes.’ However structure III was not 

cntircly compatible with the properties observed for the yellow solid, m.p. 224” 
(decomp). Further investigations leading to a revision of the tentative formulation 
are reported in this paper. 

A plausible alternate structure IV suggested by Prof. D. H. R. Barton3 would also 

explain the properties of the yellow solid. The oximc IV would presumably arise by 

rearrangement of the intermediate normal nitrosite III3 and isomcrization of the 

* Part 111. T. R. <;ovindachari. K. Nagarajnn. B. R. Pal and V. h’. Sundarnrajan. Chrm. &r. 91 2053 (1958). 
* T. R. <;ovtndachw. K. Nagarsjan. H. R. Pat and N. Arumugam. 1. (‘hem. Sot. 4280 (1956). 
1 We are thankful to Prof. Barton. Imperial Colkgc of Technology. London, for his suggestion. 
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secondary nitroso compound to the oxime. The compound indeed contained one 

active hydrogen and its I.R. spectrum showed, in addition IO the bands at 1344 and 
1508 cm 1 characteristic of the nitro group, a band at 3226 cm * indicative of the 

presence of a hydroxyl group. The compound was shown to be an oximc by acid 

hydrolysis to a crystalline ketone, m.p. 109-I IO0 from which it could be rcgcncratcd 
in quantitative yield by treatment with hydroxylaminc in pyridinc solution. The 
ketone was further characterized as its scmicarbazone and 2.4dinitrophcnylhydrazonc. 
Howcvcr the I.R. spectrum of the kctonc (vt.. (I 1685, r(._(. 1645 cm-l) and the U.V. 
spectrum of its 2.4dinitrophcnylhydrazonc (A,,,,, 380 rnp)’ were consistent with an 

a&unsaturated cyclohcxanonc structure, rather than with the saturated cyclohcxa- 

none corresponding to IV. Results of rcpcated, careful analysis of the ketone, its 
oximc and other derivatives were in definite agreement with the molecular formula of 

C1.J~,,NOS for the ketone and C,,Il,,N,O, for the oximc, supporting the prcscnce of 
a double bond, infcrrcd from spectral evidence. The K.M.R. spectrum of the kctonc? 
showed the double bond to be tctrasubstitutcd, since peaks were observed only in 
the phcnyl and ring methylenc regions with an intensity ratio of 5:6. The peaks due 
to the mcthylcnc groups were resolved into three groups of equal arca and the lint 
positions of two of these groups were in the allylic region. 

Reduction of the ketone with sodium borohydridc afiorded a mixture of products 

from which a small amount of a neutral crystalline alcohol, C,,H,,KOa was obtained. 
Reduction of both the carbonyl group and the double bond must have taken place.6 
Lithium aluminium hydride reduction yicldcd a mixture of oily amincs, separated by 
fractional crystallization of the hydrochlorides. Two isomeric crystalline hydro- 

chlorides, C,,H,,CINO, m.p. 327-330” (decomp) and m.p. 241’ rcspcctivcly, were 
thus obtained and both were found to bc resistant to clcavagc by sodium mctapcrio- 
date, indicating the absence of a vicinal l,Zaminoalcohol system. The cvidcncc cited 

so far would bc consistent only with structure VII for the amino alcohols,7 thus 
leading to structures VI and V for the ketone and the ‘yellow solid’ oximc. rcspectivcly. 
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l The prerncc of a nitro group adJaant 10 rhc carbonyl group in the ketone from IV may be enpccwd IO bve 
an cffcc~ on the IJ.V. maxlmum of ils 2,4-dinitrophcnylhydrazonc. However for a model compound. a- 
mrroacctonc 2.4.dmitrophcnylhydrazone (1,. 
than bnrhcxhromic. 

350 m/r). this effect was shown IO bc hypsochromlc rather 

’ We arc grateful IO Prof. J. D. Roberts. Cahfomra Insrltulc of Technolo(ty. Pasadena, for the ux of the 
h’.M.R. spcclromctcr. 

*cf. D. II. R. Barton. P. dcMayo and M. ShaAq. 1. Chcm. Sot. 929 (1957). 
’ l‘hc srcrcochcrmslry of there compounds has not yet been studied. 
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Further proof was obtained by the following alternate scquoncc of reactions: the 
ketone VI was converted into its ethylene kctal which was then reduced to the amino- 
kctal VIII.: Attempted hydrolysis of VIII with hot 4 N hydrochloric acid led to the 
formation of a neutral ketone identified as 2-phcnyl-2-cyclohcxenonc (IX). Evidently 
ketal clcavagc is accompanied by elimination of the elements of ammonia from the 
resultant +aminokctonc system .” The l,3-disposition of nitro and carhonyl groups 
in the ketone VI was thus further substantiated. In analogy with V, the solids obtained 
from the addition of dinitrogen trioxidc to other I-arylcyclohcxcncs must be formu- 
lated as 2-aryl-3-nitro-2-cyclohcxcnonc oximcs and the ketones derived therefrom as 
2-aryl-3-nitro-2-cyclohexcnoncs. 

The reaction of dinitrogcn trioxide with 1 -phcnylcyclohcxcnc presumably gives 
an unstable nitrosite which decomposes to give 2-nitro- I-phcnylcyclohcxcne (II). 
Oxime V may bc formed by nitrosation of the rcactivc methylcnc group at position 6 
in II. Treatment of an ethereal solution of II with dinitrogcn trioxidc did not yield V; 
thus in the experimental procedure dcscribcd prcviously.2 the oximc V was not 
formed prior to but during the sodium mcthoxidc trcatmcnt cmptoycd for separating 
the neutral product II from any acidic product that may bc formed in the addition of 
dinitrogen trioxidc to I-phcnylcyclohcxenc (I). This would explain the erratic yields 
of V that wcrc encountered in experiments pcrformcdD subsequent to the original 
publication,’ since the ether solution of the products at that stage (WC Experimental) 
would contain varying amounts of oxides of nitrogen dcpcnding upon the cxtcnt of 
washing of the ether layer, duration of drying etc. Confirmation of the possible 
intermediacy of II in the formation of the oximc V was obtained by treatment of II 
with amyl nitrite in the prcscncc of an equivalent of sodium mcthoxidc, whereby a 

fair yield of V was obtained. 

IiXPEHIMES’I’Al. 

Melting points arc uncorrcc~cd. Ultra-violet absorplion spcc~ra were mcasurcd wiIh a Bcckmann 

Model I)U SpwIrophoIomcIer. Infra-red spectra uerc measured by Mr. S. Sclvavinayakam using a 

Pcrkin-Elmer lnfrncord Spccrrophoromercr. 

(a) k’ronr l-phc*n;./r,~k,hc.r~rtc,. A mlxIurc of wluratcd aqurwus soluIion of sodium nirrtrc (50 ml) 

and I-phenylcyclot~x&c (2 g) rn crhcr (50 ml) U;LF co&d m icew_aIer and IrwIcd u,Ih 4% tI,SO, 

added in drops rill the blue colour changed w yellow. Ahcr Ihe mixrurc was IcfI nsidc for .scwral 

hours, Ihc eIhcr Iaycr was scparaIcd, Mashed ucll wth waIcr and dried (Nn,SO,). The combined clhcr 

CXIIXIS from 5 such cxpcrlmenrs \\crc Ircared ~11h a solurwn of sodium mclhoxidc (2.5 g) in absolu~c 

mcIhanol (35 ml) u-lIh \rgorous shakrng. ’ Waler (40 ml) was added IO Ihc soluIion ulth stirrmg and 

Ihc deep red aqur~~~s Iaycr scparawz. AcidificaIion of Ihc alkaline soluIion and crysIalliraIwn of Ihc 

prcc~piIaIc frum alcohol ga\e the oxtnw V (0.5 3 g) as yellow nccdla. m.p 227 228” (dccomp) 

(Found: C, 62.0, 62.1. 62.2: H. 5.2, 5.2. 5.4; S. 11.8. I I+; XII\C it. 0.38. C,,I1,,T,O, rcqulres: 

C. 62.1 ; H, 5 2; K. 12.1 ; 1 acIlvc H. 0.43”;). The uccrorc u’as madc m quanIiIaIwc yield by the 

acI1on of acclic anhydride in pyrldinc a1 100’ for I hr and was obIair:eJ by cryslalliralion from 

nqucous mcIhanol as light brown necdlcs, m.p. 103 -104’(Found: C. 61.4.61 t : H, 5.2. 5.2; N. 10.7. 

C,,il,,N,O, requires: C. 61.3: H. 5.1; S, 10.2”,). tlydrolysis of Ihc acc~alc using IO:; mcthanolic 

porassium hydroxide at 30’ for I hr rcgcncnIcd the oximc in good yccld. 

(b) Fionr 2-nifro-l-phen)/r,~f/ohexene. A mixture of 2-mIro-t-phcnykyclohcxcnc’ (5 g) and arnyl 

mIriIc (5 g) in dry mcIhanol(25 ml) uas IrcaIcd with a solution of sodium (I.5 g) in methanol (20 ml). 
The reaction mixture was left ovcrncght at room tcmp and then poured into CXC~SS water. The solution 

’ H. Cromwell. Q. T. W~lea and 0. C. Schroeder. /. Amer. Chem. SC. 64. 2432 (1942). 
* V. N. Sundararajan. Ph.D. Thcs~r. Madras Univcnlly. Augusl (19S7). 
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was cooled and repeatedly extracted with ether. The aqueous aIkaIinc layer was then cookd ml1 and 
made acidic with HCI, when a yellow solid (3 g) was precipitated. Crystallization of this mat&al from 
methanol yielded necdks of the oxime (I.1 g), m.p. and mixed m.p. 227” (dccomp). 

3-N&o-2-phenyl-2-cyclohexenone 

A suspension of the oximc (2 g) in 4 N H&O,, (40 ml) and dioxanc (20 ml) was rcfluxcd for 2 hr. 
The solid dissolved gradually and an oily layer separated. The mixture was poured into ia-water and 
the prccipitatc filtered and washed with water. This W~J dissolved in boding methanol (100 ml), 
d_lourlLai with animal charcoal and filtered. The filtrate was conantratcd to 20 ml, treated with 
water to turbidity and cooled. The prccipitatc was filtered and washed with bcnzrne to leave a little 
(ca. 0.1 9, of the original ox~me. m.p. 220-225”. The benzene filtrarc was evaporated IO give the kerone 

VI (I g). m.p. 105 106”. which on a second crystalhzation from methanol. formed glistening yellow 
plates. m.p. 109-I IO’ (Found: C. 66.3, 66.4; H. 5.1. 5+; N, 6.3. 6.4. C,,H,,NO, requires: C. 66.4; 
H. 5.1; N. 6.572). The ketone (0.1 g) and hydroxylammc hydrochloride (0.1 g) in alcohol (I ml) and 
pyridinc (I ml) hated at 100” for I.5 hr. afforded, after crystall&ation from alcohol, yellow needles of 
the oxime (0.1 g), m.p. and mixed m.p. with V. 226227” (dccomp). The semicurbozone made by the 
sodium acetic procedure. on crystalliwtion from aqueous alcohol, formal golden yellow needlr~. 
m.p. 207-208” (decomp) (Found: C, 56.7; H, 4.7. C,,H,,N,O, requires: C. 56.9; H, 5.1%). The 
2,4Jinirrc~phcnylhy&uzonc was obtained as orange plates (from benzrnc.alcohol). m.p. 202-203’. 
1 mU 380 rnp (log c 4.45) (Found: C. 54.1. 11, 3.5. C,,H,,N,O, requires: C, 54.4; H. 3.8:/,). 

Sodiwn borohydride reducrion of ketone VI 

A solution of the ketone (0.2 g) in methanol (IO ml) was reduced with sodium borohydridc 
(0.2 g) to give the crude product (0.15 g) as a gum. Fractional crystalhzation of the petrokum c~her 
(b.p. 40 60“) soluble fraction of the product gave crystals (20 mg) which wcrc recrystallti from the 
same solvent IO give the nirroalcohol, m.p. 1 IO”. with softening above IO)“, depressed by ad mixture 
with lhc ketone VI (Found: C. 65. I ; H, 6.7. C,,H,,NO, rcquircs: C, 65.2; II. 6.8 %). 

Lithiwn aluminium hydride reduction of I/U ketone VI 

A solution of the ketone (2 g) in terrahydrofuran (IO ml) and ether (50 ml) was added during the 
court of I hr. to lithium alummium hydride (3 g) in ether (50 ml). The mixture was stirred for 8 hr. 
left overnight and decomposed with water. The ether layer was docantcd and the sludge extracted 
rcpeatcdly with chloroform (3 x 150 ml). The combined cx~racts wcrc evaporated and tic residue 
taken up in ether (100 ml) and extracted with 2 N H&SO, (50 ml). The aqueous layer was separated 
and the oily base (I.35 g) obtained from it by basification was converted into the hydrochloride. 
Fractional crystallization from alcohol*ther afforded as the less soluble fraction, a crop of crystals 
(70 mg). which on rozrystallization yielded the hydrochloride of one isomer of 3-umino-2-phenyl- 

cyclohcxanol, m.p. 327-330’ (dccomp) (Found: C. 63.8; H, 7.9; N. 6.0. C,,H,,CINO rquircs: 
C. 63.3; H. 7.9; N. 6.19:). The more soluble fraction was obtained from the mother liquors as 
stout crystals (0.8 g). m.p. 237-239”. RccrystallizAtion from alcohol+tha gave an isomerz hydro- 

chloritk. m.p. 241” (Found: C, 63.3; H. 8.0, N. 5.9%). 

Ethylene kctal of 3-N’rro-2-phcnyl-2-cyclo~xc~nc 

A mixture of the kctonc VI (I g) andptoluencsulphonic acid (50 mg) in bcnzcnc (50 ml) containing 
cthylenc glycol (4 ml) was rcfluxcd for 2-3 hr. The solvents wcrc then removed in vucuo and the 
residue taken up in ether. The ether layer was washed with sodium bicarbonate solution and then with 
water. The product obtarncd from the dried ether layer was crystallized from ether pet ether (b.p. 
4Ua) IO afford the kerul(0.8 g), m.p. 84’; (Found: C. 64.1; H, 5.6. C,,H,,NO, requires: C. 64.4; 
H. 5.8 TX;,. 

Ethylcnc kcral (VIII) of 3-amino-2-phenylcyclohexanone 

A solution of the ketal (0.5 g) in ether was added during the course of 1 hr IO hthium aluminium 
hydride (I g) in ether (50 ml). After being left overnight, the mixture was decomposed with water and 
the baclc product, obtained from the ether layer, was purified by one passage through dil HCI. The 



64 T. R. G~VINDACI~AN. K. NAGARAJAS and V. h*;. SI:SDARARAJAN 

semisolid base (0.35 g) was convcncd into the hydrochloride. Fractional crysIallti;lIion from alcohol- 
ether gave a less soluble crop of crysrals which was rccrysIallizd IO give a hydrochloride of VIII.7 m.p. 
232’ (druomp). From the morhcr liquors by dilution wirh more crhcr. an isomeric hydrochloride was 

obtained. m.p. 214 216 (dccompl (Found: C. 62.3; H. 7.1 C,,lI,,CISO, rcyulrcs: C. 62.3; H, 
7.4 %,. 

Ilydrolysis o/the uminoherol VIII 

A solution of Ihc crude amtnokcIa1 (I g) in 4K HCI (I 5 ml) was hcarcd on the sIcam bath for 2 hr. 
The soluIion was diluIr*l and cxlracted with ether. The ether cxIract was washed successively with 
water. aqueous sodium blwrbonatc and again waler. Removal of solvent from the ether layer and 
crystalliution of the rcsiduc from cIher gave colourlcss crystals of 2-phcnyL2cyclohcxcnone (IX), 
m p. 98 (Found: C, X3.3; H. 6.7. C,,H,,O requires: C, X3.7; l1.7.0”& identical wnh an authentic 
spczlmcn synthczired y lo b hydrolvsis of its oximc obtamcd by Ihc addiIion of nirrosyl chloride IO 
I-phenylcyclohexcne. IdenIlIy &s funhcr confirmed by comparison of the oximc, m.p. 151” and 
2.4-dinitrophenylhydrzzonc, m.p 165 166’ of the ketone wiIh aurhentic samplcs.10 

TrcaImcnI* of I-(o-Iolylkzclohexcnc (IO g) with dmiIrogen Irloxidc gave as Ihc alkali soluble 
fracnon, the oxime (2 g) \vhIch formed yellow needles (from alcohol). m.p. 210’ (dccomp) (Found: 
<‘, 62 I ; 11. 5.9. C’,,H,,S,O, requires: C, 63.4; H. 5.7:,l furrhcr charactcrilcd as iu uceru~e. pale 
yellow ncudlcs (from aqueous mcIhanol). m.p. 99 (Found: C. 62.7: lf. 5.7. C,,H,,S,O, ryuim: 
C. 62.5: H. 5.6”,,). 

llydrolysls of Ihc oxlmc (I g) with 4N HSO, (20 ml) in dioxanc (IO ml) for 2 hr gave 3-nilro-2- 
(o-/o!,/)-2-r~clohpxcnone as pale yellow prisms, m p. I I9 ,121’ (Found: C. 67.9; Il. 5.4. C,,H,,NO, 
requires: C, 67.5: H. 5.6’:). yieldtng a 2,~finirroplunylh~dru:o~. orange needles (from bcn;rcn+ 
alcohol), m.p. 217 with shghr soficnmg above 209”. i.,,, 380 rnjr (log c 4.48) (Found: C, 55.4; H, 
4.2. C,Jl,,N,O, rcqulrcs: C. 55.5; I{. 4.17;). 

3-~:irro-2-(m-rol~l)-2-c~c~ohexenone oxime 

I-(m-Tolyl)cyclohcxcnc (IO g) by trcalmnt with dimtrogcn Irioxidc’ gave Ihc oxime (2 g) which 
crys~all~rcd from alcohol in pale yellow needles, m.p. 195-197” (Found: C. 63.1; II. 5.4:/,), forming 
an ocerufe, m.p. 117” (Found: C. 62.6; H, 58%). 

Acid hydrolysis of Ihc oximc (I 6) as before gaVC .l-nirro-2-(m-fo(yl~2-r~~/ohrxPnoru (0.5 g) as an 
oil which solidtficd afrcr bcmg kfI overnight in the ice-chest. RrTrysIallizcd from aqueous methanol, 
it formed pale yellow nccdlcs, m.p. 82-83’ (Found: C, 67.4; il. 5.30;). The 2,4-dinifrophenylhvdro- 

zone was obtained as brownish red needles (from benzene- alcohol). m.p 204 206’ (dccomp),‘&.,, 
383 m/r (log c 440) (Found: C. 55.3; 11, 4.1 T,). 

3-Sirro-2-(p-rolyl~2-c~rlohexe~~one oxime 

RcacIion of I-Q-Iolyl)cyclohcxcnc (IO g) with dinirrogcn Irioxide gave the oximc (I.5 g) which 
was rrxrysIalhccd from alcohol in yellow nadlcs. m.p. 228” (drrompl (Found: C. 63.4; H, 5.7%). 
forming an uce!ure. colourlcss nczdlcs (from aqueous methanol). m.p. 79-81 ’ (Found: C, 62.9; H, 
5.7 pi). 

Sulphuric acid hydrolysis of the oximc (I g) ylcldcd 3-nifro-2-(pro/y/)-2-o~clohexenonr (0.55 g), 
yellow needles, m.p. 98. 100’ (Found: C. 67.3; H, 5.40,:). givtng a 2.4-dinirrophenylhydruzone, 

orange needles. m.p. 215-216‘. i.,., 383 m/r (log c 4.60) (Found: C. 55.9; H. 4.1 3;). 

I-(m-AnIsyl)c~clohcxcnc (IO gl by Ircalmcnt with dmiIrogcn Irioxlde’ yielded as the alkali soluble 
producr. the oxime (I.5 6). pale brown nccdla (from alcohol). m.p. I61 (Found: C. 59.4; H, 5.7. 
C,,H,,N,O, rcqulres: C. 59.5; H. 5.4s;). funhcr characterized as the ucerulc. colourkss needles 
(from melhanoI) m.p. 137’ (Found: C. 59.2; H, 5.6. C,,H,,N,O, rcquircs: C. 59.2; H, 5.3%). 

I0 David GInsburg and Raphael Pnppo. 1. Chrm. Sot. 516 (1951). 
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The above oxime (0.8 g), hydrolyscd by hot sulphuric acid afforded 3-nifro-2_(m-uniry/)2-~yf/o- 
he.renone (0.4 g) as an oil which solidifKd after bemg left in the iccchcst. Rccrystallizrd from bcn- 
rrnc per ether (b.p. 40 60”) it formed yellow needles m.p. 67 69’ (Found: C. 63.3; H. 4.9. 
C,,tI,lNO, rquuzs: C. 63.2; H. 5.3 %). The 2,4~nirrophenylhydrozonc crystallical from benzene- 
alcohol as orange-red plates, m.p. 163-164”. LX 380 m/r (log c 4.54) (Found: C, 53.7: H. 3.6. 
C,,H,,K*;,O, rquircs: C. 53.4; H, 4.00,;). 

Nirrcwcr/onc 2.4-dinirrophcnlyhydrauronc 

Ike hydruzone was made from nuroaccro&’ and was rttrystallircd from alcohol in glistening 
yellow pIarcs. m.p. 137-139” (Found: C. 38.2; H, 2.9. C,H,N,O, rquircs: C, 38.2: Il. 3.2”/,). 
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