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AwTbe preparation of a-nitroepoxides from nitro olefins and hydrogen peroxide in the presence of 
base is nqorted and the behaviour of this new chemical species towards selected nucleophiles, acids and 
reducihg agents is described. Mass spectral data is also presented. 

ALnaoucri the reaction of a variety of electronegatively substituted ole6ns such as 
a$-unsaturated ketones,20 aldehydes,” nitriles,& dinitriles,U die&e& and 
cyanoesters~ with basic hydrogen peroxide to give the corresponding epoxides have 
been reported, a search of the literature failed to reveal the application of this reagent 
to nitro olefins. In fact, a-nitroepoxides (nitro oxiranes) 1, the anticipated product of 
this reaction represents an heretofore unknown chemical species. We report here the 
preparation of this new chemical type and describe some of its chemistry. 

P 

R, 74 R3 

R2 NO* 

We chose g-methyl-bnitrostyrene 2 as our model nitro olefin for our initial 
studies. * 

The reaction of 2 with basic peroxide did, in fact, lead to its rapid and smooth 
transformation to the a-nitroepoxide 3 in 67% yield. Similarly, cis a-&o stilbene (4) 
and l-cyclohekyl-2-nitro-ethylene (5) were transformed into the nitroepokides 6 and 7 
respectively in 85 and 91% yields. 

/NO2 /‘\ NO, 

RCH=CIR1 - 
R--CH--C& 

2:R = I#J,R’= CH, 3:R = +,R’= CH, 
4:R=R’=# 6:R=R’=t$ 
5:R = cyclohexyl,R’ = CH, 7:R = cyclohexy1.R’ = CH, 
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On the other hand, bnitrostyrene did not appear to undergo this transformation 
under the above conditions. A mixture was obtained which appeared to contain 
starting g-nitrostyrene and benxaldehyde. More mildly basic conditions (NaHCOJ 
lefi the @itrostyrene virtually unchanged. 

The sharpness of the epoxide proton and Me signals in the various nitroepoxides, as 
well as the relatively sharp m.p. of the solid 6, suggests that the epoxidation takes 
place stereospecifically. 

An attempt to establish the stereochemical course of the epoxidation was, however, 
thwarted by an unexpected complication. 

Thus, we planned to prepare the epoxide of fruns a-nitrostilbene (8), available from 
the cis isomer 4 by thermal isomerization ‘, for comparison with 6, however quite 
surprisingly 8 was recovered unchanged under the conditions which led to an 85% 
yield of 6 from the cis isomer 4. Extending the reaction time was without effect’ 

A likely explanation for this rather dramatic difference in reactivity is that in the 
case of the tram isomer 8 the severe eclipsing interaction between the a-phenyl and jI- 
nitro substituents destabilizes that conformation of the NO, substituent in which it is 
planar to the olefmic moiety (see diagram A). As a result the driving force for nucleo- 
phihc (N) addition to nitro olefins, the stabilization of the resulting anion by the 
nitro group (see diagram B), is eliminated, rendering 8 relatively unreactive. In the 
cis isomer 4 the nitro substituent is cis to the much smaller hydrogen and the fore- 
going conformational restriction does not obtain. 

A B 

This enormous difference in reactivity between the cis and trans isomers was also 
observed towards methoxide ion and provided a convenient method for separating the 
two compounds hitherto accomplished either by a tedious fractional crystallization4 
or by thick-layer chromatography (Pxperimental). Thus, treating a mixture of the two 
with somewhat more than an equivalent of sodium methoxide in methanol results in 
the selective conversion, essentially instantaneously, of the cis isomer to the water 
soluble anion 9, ($CHOCH,--C+NO,). Partitioning between water and organic 
solvent permits the separation of the trans isomer. (See Experimental for further 
details). 

Chemistry of a-nitro epxides 
A. Behavior towards nucleophiles. The behavior of 3 towards the following repre- 

sentative nucleophiles was investigated: #ONa, #Na, (CH&VH, &SNH, and 
LAH. The product obtained (Scheme 1) in each case resulted from attack at C-l. 

l Tbe relative imtability of peroxide in base limii the variation in condition8 that could be altem@cd. 
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@\‘H-coC’H.~ 
&p 54 OH 

I 0 
LAH NOI !I 

OCH-CHCH, - 6 -C/H-\C/ 
(CHJS(H 

W-C-CH, 
1 2’CH > 

8 

4--C-c-cH3 
04 

” ‘y-- 
6 s 4 

The behaviour of 5 towards nucleophiles thus parallels that previously observed for 
electronegatively substituted epoxides which are attacked at the carbon furthest from 
the substAuent, a result which is rationalized in terms of an S,2 transition state in 
whiuh the reacting carbon center bears residual positive charge.5 

In its behavior towards the nucleophiles investigated, 3 simulates that of an a- 
haloketone,* making it a useful alternative to this strongly lachrymatory species. 

B. Behaoior towards acids. The nitroepoxide 3 reacted in dilute aqueous sulfuric 
acid to give the anticipated I-phenyl-1-hydroxy acetone 10 along with smaller amounts 
of its oxidation product diketone 11 (ratio 1O:ll ca 3 : 1). 

HO 0 

dil 
O-&H!! CH - 

J + 
Aq HSO, 

J 

10 i 1 

With boron trifiuoride etherate in benzene, 3 gave a complex mixture consisting of 
the components indicated in the equation (evidence for structural assignments are 
detailed in the Experimental). 

L O\ /Noz BF,.&O 8 

+-c -ckH 
+C__cH 

3 + 
3 I ~~HCoCH3 + ~CHCoCH3 + 

r;rO, F OH 
12 13 10 

a 4 

‘-c-7HCH3 + 
\ 

OH dcHcoCH3 
I4 IS 
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The fo~ation of the a-ni~oketone 12 is a rather interesting result and can be 
accommodated by the following sequence: 

A+ 

CH, ET 9 @//O R 

Cl 
4 +-C=C-CH, + N* - 9CH-C-CH, 

0 
N=O 16 LO, 

A’ = acid 

Acid catalysed attack of the epoxide oxygen leads to ~~fo~tio~ into the en01 16 
and nitronium ion which then recombine (intermolecularly or intramolecularly, pre- 
sumably this question could be decided by appropriate labelling) to give the nitro- 
ketone 12 Precedent for the nitration of enols appears in the work of Hass and 
Hudgin who prepared various a-nitroketones by vapor phase nitration of ketones with 
nitric acid’” and in the work of Bachman and Hokama who obtained a-nitroketones 
from the nitration of en01 acetates.‘” 

The formation of 13 has precedence in the conversion of epoxides to fluorohydrins*, 
while the formation of I;5 by electrophilic attack on the benzene solvent is related to 
the alkylation of aromatic systems by epoxides in the presence of boron trifiuoride 
etherate.g 

The a-hydroxyketones 10 and 14 were obtained as an unresolved mixture (ratio 
10 : 14 ca. I : 1.5) and while the formation of 10 is perhaps unexceptional 
especially in view of the behavior of 3 towards aqueous acid, the formation of 14 is 
rather surprising. 

Two possible precursors of 14 were eliminated. Thus acid catalysed isomerization 
of 10 was precluded as a route to 14 by demonstrating (by NMR) that no 14 is formed 
when 10 is treated with boron tritluoride etherate in benzene under the conditions of 
the reaction. (This finding is in accord with previously reported equilibration studies 
on 10 and 14 in which it was found that mineral acids convert 14 completely to 10.9 
The possible intermediacy of the oxirene 17, which could in turn be formed from 3 by 
elimination of nitrous acid, was also eliminated by conducting the reaction with 3 
labelled with deuterium at C-l (see numbering in Scheme l).* 

17 

The involvement of an intermediate such as 17 would require that no deuterium be 
present in the hydroxy ketone 14 formed. In fact, the hydroxy ketone 14 that was 
obtained was indicated by NMR to be completely deuterated. 
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The formation of hydroky Setone 14 would be compatible with hydride shift 
in carbonium ion 18 generated from 3 by acid catalysed loss of nitronium ion or 
concertedly with the loss of NO:. 

18 18s 

Consistent with the postulated hydride shift is the finding that the amount of 14 
produced relative to 10 was considerably reduced using the deuterium labelled 3 as 
substrate, (from l-5 : 1 to 1:4) presumably the result of an H/D isotope effect. 

Treatment of 1,2diphenyLnitrooxirane (6) with boron tritluoride etherate in benx- 
ene gave products 19,20 and 21 corresponding to 13, 10 (14) and 15 obtained from 
3. None of the corresponding a-nitroketone could be detected. 

d2c~4 0 BF3’Et20 +CHCO+ + 0, B 
'NO, 1 &J 

,CH- C + 

OH 
6 19 20 21 

The acylium ion 22 arising via acid catalysed rearrangement of 6 (either concer- 
tedly or stepwise; the arrows simply indicate direction of electron Row) was ruled out 
as a precursor of 21 by conducting the reaction in benzene-d, and showing, by NMR 
and mass spectrometry that the deuterium labelled aromatic ring in the 21 obtained 
was attached to the methine carbon. (Experimental). 

C. Behavior towards reducing agents. The behavior of 3 towards catalytic and 
chemical reducing agents was bristly investigated. With platinum oxide in ethyl 
acetate, 3 was rapidly reduced to a mixture of 1-phenyl-I-hydroxy acetone oxime 23 
and 1-phenyl-1-hydroxy-2-nitro propane 24. The latter product was obtained as a 
mixtjue of erythro and three isomers which could be separated by partition chroma- 
tography on Celite 545. With zinc and aqueous acetic acid the oxime 23 was 
Olltt3itled. 

a/o\b NO, 
OH NOH OH NO, 

+-CH-C’ 
‘C’H ,, 

J + 4 CH- !.H--C.H , 
3 23 24 
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An interesting contrast is thus observed in the behavior of 3 towards nucleophiles, 
where preferential cleavage of the carbonoxygen bond in the epoxide take place at (a) 
(see labelling in equation above) and reducing agents, where bond (b) is preferentially 
broken. 

This difference would be consistent with the operation of two different mechanistic 
pathways: a heterolytic one in the case of nucleophilic substitution and a homolytic 
one in the case of reduction. (The formation of 24 would indicate that, at least to some 
extent, bond (b) is being attacked directly rather than through initial attack at the nitro 
substituent). 

Muss spectra. The mass spectrum of 3 shows a parent peak at m/e 179 along with 
prominent fragments at 133 and 105 (base peak). The 105 fragment is indicated to 
arise from the further fragmentation of the 133 ion by the presence of a metastable 
peak at 83. The mass spectrum of deuterated 3 shows, along with the parent peak now 
at 180, fragments corresponding to the above at 134,105 and 106, the last peak being 
very much more intense than that at 105. The expected metastable at 84 was also 
present 

The foregoing data is explicable on the basis that the 133 fragment resulting from 
loss of NO, from the parent ion is comprised of two species, the carbonium ion 18 and 
the hydride shifted ion 18a. (Compare with the species postulated above as being 
precursors of hydroxy ketone 14.) Further fragmentation of 18a along (a) leads to the 

4 
‘c 

H,C’ 
18 l& 

105 fragment &O+, while rearrangement of 18 to 18b followed by fragmentation 
along (b) leads to the 105 fragment &HCH, The latter fragment corresponds to the 
106 ion in the mass qectrum of deuterated 3. 

Since the rearrangement 18+ 18a would be expected to be disfavored in deutera- 
ted 3 because of the deuterium isotope effect, a greater amount of fragmentation along 
the path 18+ Mb-$% would be anticipated for &t&rated 3. (If the magnitude of this 
effect were known for our system we could assess the relative amounts of &O+ and 
&HCH, in the 105 peak in 3.)* 

The mass spectrum of 6 shows a weak molecular ion at 241 (much weaker than the 
molecular ion in 3) along with the prominent fragments at 195, 167 and 105. Meta- 
stable peaks at 143 and 56 indicate that the 167 and 105 ions result from the further 
fragmentation of the 195 ion. 

A scheme corresponding to the one above would account for these observations. 
Thus loss of NO, from the M’ ion of 6 would lead to 25 (m/e 195) which then either 
fragments directly or undergoes hydride shift and then fragments (or both, one could 
not tell in this case owing to the symmetry of the system) to give ion 26 (m/e 105). 
Prior phenyl migration in 25 followed by fragmentation would lead to 2% (m/e 167). 

l The unlikely poasibilii that the &HCH, ion arises by the path 1& -18b +--is also 
climiaatcd by tbc much greata intensity of the 106 peak relative to 105 in dcuteratcd 3. 
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28 27 25 26 

A measure of the relative rates of the competing fragmentation processes is 
indicated by the 2 : 1 ration in which the two fragments (26 and 28 respectively) are 
plQdllc+d. 

EXPERIMENTAL 

Mpsandbprsareun~ ThtNMR~a~~~onaVariaoA-60spactromda.the 
maEaqpectraczlanAEIMS-9 spectrometer. MgSo, was used for drying. TLC were run on phosphor- 
containing silica gel plates (Anal Tech Inc. Wilmington, Delaware). Thick-layer chromatograms were 
run on 2 mm silica gel plates containing phosphor. (l?. M. Reagents Division, Brinkmenn Instrument 
Co., Westbury, N.Y.). 

I-Phenyl-2-me~hyi-2-nit~nxirane (3). To a stirred, cooled (i-water) suspension of 32 g (0.2 mole) t 
me&y&pnitro styrmc” in 400 ml MeOH containing 90 ml 15% ,O,aq (ca 0.3 mole) was added 
rapidly (ca. 3 min) with stining, 50 ml 2N NaOH (0.1 mole). The temp of the reaction mixture rose 
rapidly to ca. 25“. the system becoming largely homogeneous aad pale yellow in color. Afta stirring in 
the cooling bath for an &d&mall0 min (a turbidity developed duriug this tiax), the reaction mixture 
waspomedintoice-wsta,rrcidifiedendthcorgsnicprodactartractbdintoether.Theethacalcxtracts 
wcrc washed with water, bicarbonate, dried and evaporated to yield 27.4 g of a yellow liquid which was 
distilleki in vacua to give 23.9 g [67%1 of 3 as a yellow liquid, b.p. gg-91° (0.1 mm). The spectral 
propcrtitsofthisproduUwereidenticalwithth ose of the analytical sample obtained from a smaller scale 
experiment; m.47 )I (strong, NOJ; 1 E” 290 (plateau) ((I 4%) and 230 mp (plateau) (e 4500) and 
end absorption; *‘7-40 (finely split singlet, 5 aromatic protons), 4.58 (songlet, C-l H) and 1.83 
(singlet, C-2 CHJ. (Found C, 60.70; H,J. 12; N.7.96. Calcd. for C&NO, (179.17): C, 60.33; H, 5.06; 
N, 7.S2%). 

(The various spectra m essentially unchangbd when detemki again after two months at room 

tempr 
Acitlilkation of the bicarbonate extracts gave 1.5 g of a colorless Sorid, idmtitied as benzoic acid by 

m.p. (119-121°) mxl IR spectral compari8ou with an authentic spechnm. 
Thecorrcsponding l-&auero 4Mlog wan similarly okined using C&I&Do. The latter was prepared 

by LAD (alpha Inorganics, Beverly, Mass.) reductioo of N-buu.oylaziridine accudii to the procedure 
of Brwm et al.‘. 

l~-D&kny~-2-nUroarirrmc (6). Essentially the procedure described for the preparation of 3 was 
folloti. To a stirred cooled (iwata) suspension of 9 g (0.04 mole) clc a-nibostilbene” in 100 ml 
MeOR containing 18 ml 15% H@,aq (ca. O-6 mole) was added 10 ml 2N NaOH (0.02 mole). The 
temp of the rextion mixture rose rapidly to ca. 25” and a new colorleas solid quickly formed. Aftex 10 
minicbwatawasaddcdmdthcwl~~BolidcoUcctedwMhedwellwithwatallndairdriedtoyield 
8.2 g (85%) of 6, m.p. 10&109”. The aualytical sample okined by recrystallizatii from MeOH 
me&d at 108-lH)O; 1E’ 6-45 p (&on& NON; lzH 290 (pkteau) ((I 8C@), 232 nm (plateau) (a 
6000) + md abaa@on; Gs 7*3>7.00 (multiplet, 10 aroma& protons). 4.75 (singlu 1H). (Found: 
C, 69.88; H. 4.69; N, 5.94. Cakd. for C,&NO, (241.24): C, 69.70; H, 4.59; N. 5.80%). 

1-CJdohtql-2-nihw2-meZhykZhylene (5). FVcpad sumding to the procedure of Skchter et al.*’ 
B.p. 5B-60’ (0.1 mm) (yellow liquid); e’ 6.6 Jo (strong, C==C-NOJ; &q13 6.95 (d, J = 10 
Hz. vbyl H split by me&me H of cyclohcxyl ring), 2.16 (d, J = < 1 HZ, vinyl CH3 1.8-l-2 (m, 
cyclobkxyl proton+ (Found: C, 64.29; H, 9.01; N, 7.50. Calcd. for C&NO, (169.22): C, 63.88; 
H, 8.w; N, 8.28%). 
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l-Cyclohexyl-2-nitro-2-mcthylox~~ (7J A cooled (ice-water) soln d 425 g (0025 mole) d 5 in 60 
ml MeOH containing 11.3 ml 15% H,O,aq (O-038 mole) was treated with 6.25 ml 2N NaOH (0.013 
mole). (The addition of base was accompanied by an exotherm.) The reaction mixture was stirred in the 
cooling bath for 5 mitt (a colorless solid separated during this time) then allowed to come to room temp 
with stirring during 15 mitt (in which time the solid disolved). The reaction mixture was poured into ice- 
water, the mixture acidified with dil HCI and extracted with ether. The ethereal extracts were washed with 
water, bicarbonate, dried and evaporated to yield 4.2 g (91%) of 7 as a pale yellow liquid, b.p. 68-71“ 

(01 mm); e 640 )I (strong. NO& Iwe only end absorption; m 3.17 (m, C-1Hh l-93 (sharp s, 
C-2 CHs) 1.9-1.1 (broad m, cyclohexyl protons). (Found: C, 58.43; H, 8.23; N. 7.93. Calcd. for 
C&NO, (185.33): C, 58.36; H, 8.16; N, 7.56%). 

A small amount of the colorless crystalline solid which separated after 5 mitt in the cooling bath was 
removed and an abortive attempt was made to characterixe it. It left a residue on burning, gave a negative 
peroxide test with starch-iodide paper and melted indefinitely and incompletely over ca. a 25“ range (64- 
90”). Its IR spectrum showed only weak absorption in the CO region at 6.0 p and in the NO, region at 
6.35 )I After subjecting to high vacuum pumping at room temp overnight, the solid, now pale yellow, did 
not melt up to 280” and showed a simple noncharacterimble IR spectrum. 

Isomer&at&n of cis a-nitrostilbene (4). Two grams of cis a-nitrostilbene’ 5 was heated at 185O in the 
presence of a crystal of iodine for 14.5 hr. The brown liquid product which solidiied on standing at room 
temp for 4 hr showed two spots on TLC (dH-n-hexane 1: I), R, ca. 0.5 and 0.6 (cLr and harts a- 
nitrostilbene respectively). 

Seporotion 
Method A. By thick-layer chromatography of a 200 mg sample using 4H-n-hexane 1: 1 for develop. 

ment. (The zones were cut out and eluted with acetone containing some MeOH). The faster running spot 
(29 mg) (rrms-a-nitrostilbme)) melted at 121-127O (Lit.’ 128”); the slower moving spot (143 mg) (cis-a- 
nitrostilbene) melted at 68-71” (Lit4 75“). 

Method B. A soIn of the isomeric mixture (785 mg) was disolved in MeOH (8 ml) and treated with 
somewhat mom than an equivalent of 1M methanolic NaOMe (4 ml). After 3.5 mitt at room temp. the 
dark orange soht was poured into ice-water and the mixture extracted with ether. Drying and evaporating 
the ether left frwrs a-nitroatilbene (93 mg) [completely free of ctr (by TLC)) as a somewhat oily solid 
which was recrystallixed from MeOH. 

Reaction of 3 with L.AH 
1.phenyl-2.propmol. An cthcmal 4x1 containing l-8 g (001 mole) of 3 was added dropwise during 

15 min to a stitred suspension d 065 g (0017 mole) d 35 ml ether. After stirring for an additional hr at 
room temp, the excess hydride was destroyed by the slow addition d wates and the mixtum wss poured 

into ice-water. Concentrated NaOHaq was added to form soluble ahtminium hydroxides and the 
organic product extracted with ether. Drying and evaporating the ether gave 1.3 g (100%) of a colorless 
liquid which distilled at 62-63“ (0.1 mm). The product was identical (refractive index, fR spectrum, b.p.) 
to an authentic sample of l-phenyl-2-propano117’0 prepared by LAH reduction of commercially available 
phenylacetone. 

Reaction of 3 with sodium thiophenolate 
I-phenyl-I-thfophenylacefone. A methanolic soln containing 0.01 mole sodium thiophenolate was 

prepared by adding 1.1 g (0.01 mole) thiophenol to 10 ml 1M NaOMe in MeOH (0.01 mole). The som 
was cooled (ie-water) and 1.8 g (0.0 1 mole) of 3 in 10 ml MeOH wxs added rapidly. After 3 hr at room 
temp the tea&ion mixture was poured into ice-water and the organic product extracted into ether. The 
ethereal extracts were washed with dil NaOH aq dried and evaporated to yield a pale yellow solid which 
was triturated with light petroleum (b-p. 30-6P) and collected; yield 2 g (83%), m.p. 61-65“. Recrystal- 
lization from n-hexane furnished the analytical sample, m.p 64-66O. &, 5.85 tt. (Found; C, 74.64; H. 
5.68; S. 13.07. Calcd. for C,,H,,OS (242.26): C, 74.36; H, 5.83; S, 13.20%). 

Reaction fl3 with thiobenzamide 
2$-Diphmylbmethyl thlamk A aoh d 14 g (001 mole) thiobenxam& (Eaatem Chemical Corp., 

Pequanncck, NJ.) and 1.8 g (001 mole) d 3 in 25 ml MeOH was heated under refiux for 16 hr. then 



poursdintow~Imdtheoilyproduct~withdha.Dryinerrnd~apordinethteth~ertncts 
~2.3goTaydlowliquidIabowsprim~yonespotoaTu:(bauane)l~w~distilledbrwcuo. 
Af?er a 125 mg farerun b.p. 65-155O (0.1 mm), l-5 g of a yellow liquid we colkctal, b.p. 169-171’ 
(0.1mm)whicll8oliionrd+igeratingovanight.Tbe aomcwh&oilysolidwa8tritnrataiwitblight 
petroleum (b.p. 3(Mo”), colk&xl und pried a~ filter papa to yidd a pak yellow solid m.p. 42-50°. 
-IllCpUdUCtW88th?dfrorn8Udl ~tSOfilllpitk3bythiCk-l~&Olll&Og@lyllSiUg~M 

thedmloping~~~~ess~kthuso~wrs~zedfromn~rmtogivethc 
analytkal sample, m.p. 5255O. (Found: C, 76.51; H, 5.06; N, 5-72; S. 12.94. Cakd. for C,&NS 
(251.77): C, 76.47; H, 5.22; N. 5.57; S, 12.74%). 

RaHonof3wlthdtmethylnmhe * 
I-Phenyl-l&nerI@&no occtonc. A soln af 1 g (OX06 mok) 3 in 10 ml MeOH at room temp was 

treat&with lml4o%~Me~(uo.4gofrmineoro.oo9mole).AAa3hrIrtroom~p,tht 
~mixtureanspomsdintoicbaratcrandthem~extractsdwithetha.Dryingmdevaporating 
thedhalsA0.7gotalimecoloredliquidwhichwrstMtsd~ywahethaecrlHCltoyieMa 
hydrochloride salt, initially UI an oil but whii solid&d on rubbing during 10 min. The sdid was 
collcetcd and w&cd with ether; yield 0.45 g; m-p. lg4-194O. Reayswlization from acctonitrile 
furni&d the malytkal nampl~ m.p. 19&201° (Lit. “’ 193-195”). (Found; C, 61.67; H, 7.36; N. 6.63; 
Cl, 16.33. Cakd. for C,,H,JWCI (213.70): C, 62.02; H, 7.57; N, 6.58; Cl, 16.65%). 

Reacibn of 3 uith sdum phemxlde 
l-Phenyl-1-phenoxya&one. To a cookd (ice-water) &I of 033 g (ooO35 mole) af phenol in 3.5 ml 

1M NaOMe in MeOH (0.0035 mole) was addal 0.63 g (Oeo035 mole) of 3. Tbe nxulting soln was kept 
at mom temp for 17 hr, thaw poured into ice-wa& and the organic product cxtractul into etha. The 
cth& soln was w&cd with cold dilute NaOH4 water, dried and evaporated ta yield 0.45 g of a 
lightorrngeliquidwhichshowsdam~spotonTU:(beazene)atR,ca0.6.Thecompound 
ComBponding to this spot wan isolated by thick-layer chromatography (bcnzcne). In agrcemmt with its 
formulation as I-phcnyl-I-phamxyacetone. its IR spectrum showed CO absorption at 5.85 )I and its 
NMR (CDCld spechum rhowzd oignab at 76-68 d (1Qroton in aromatk proto@ 5.53 d (l-protons. 
methim proton) and 2.19 d (3-proto1~, -CH,) 

R-ion of 3 with 3N H$O, 
I-mmyl-1 -hv [IO) ad I-phenj+ proponc2.,3-d&~ (11). A sqmsion of 10 g (0.056 

molc#of3in 150ml3NHSO,wMbClrtbd~7~‘for2.5hrwithvisorouestirringAbrowngasw~ 
evohtsd.Iccwasaddsdtothemiaure~hwrs~~atr~withdha.Thc~cxtractsarae 
wasbed with NaHCO,4, water dried and evaporated to yield 5.3 g (63%) of a dark orange liquid 
indkWedbyTLC(+H-EtOAc2O:l)tobcatwo component mixture (R,ca 0.3 and O-7). The faste 
run&g component wan aeparatul by thick-layer chromatography (200 mg sample) using benzene aa the 
developing solvent (the slow ~remainedatthcorigininthiasolva@andidatilkdrsthe 
dioae11byIR,uvmdNMRspactralImdTLccomprrisoaswithan~~~spscimen.’” 

The slowa moving vt was separated in anotkr cluumatographic run using +H-&AC 20:1 
for~~t~idcntiecdM10byIR~NMRrpech~compgisons withMlauthalticqenb?n’0 
and eunv~ion in high yidd to 1-phcnyl-l-hydroxyr oxime, nip. 108-l 12’= (Lit.” 1 lZ”) i&&al 
(IR,NMR)witlltllis compound obtainsd by the Zn/HOAc &uction of 3 (see below). 

The ratio of 10 to I1 in the m&e wan cb 3: 1. 

Reaatbw of 3 wlrh BP,ZtP 
A soln of 12 g (O-07 mole) of 3 in 2CKI ml anhyd baumc wan treated with 24 ml BF,.Et,O at room 

tempThe~mildu~~~~~bybrid~in~w~.AftalOmin,the 
read@mixture~paurcdinto~andtbcacid ‘* dwitbaoliiNaHCO,Tbemixtnrc 
ansbh.~withdhamdtbeetbaerlartr~dricdmdevapartrAtoyieldll~2golaf~ly~k 
~~liquidwhoaeIR~shorrsdstroae~~5.75md6.40paada~~~5.75~ 
The roduct was disolvcd in ether and the cthcnxl soln was extreckd with cold dilute (< 2N) NaOH. 

4 AC’ clltionofthebasiccxtr~aithcolddilHCl,ahcrctionritheZbaraddryingtndev~rtingthe 
l~lcft3~3goZaf~lydptbrownliqPidamichw~~6,wcvotogiveaffaa0~35gforenm 
boili$g at 64-97O (O-l mm), 1.6 g of 12 M a yellow liquid b.p. 104-107“ (0.1 mm); 1z 5.75 (S) 
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agnxmcnt with ita formulation a8 19. (Found: C, 78.16; H, 5.19; F, 9.21. Calal. for C,,H,,FO 
(214.23): C, 78.49; H, 5.18; F, 8.88%). 

The nut most abundant cumponent (25 me) was edditkoal amounts of21. R,ca O-6 (the zunca due to 
i9aad2ip~yOvcrlapped.AumCcontaininga~dthetwo(30me)w~thadaccutoutin 
the ovalap rcgiml). 

pre&nt in smalkst quantity (10 mg) wan bcnzoin (20) (mp. 130-132“) whi& showrd an R, of ca. 02 
and was idcntitkd by m.p. IR spechal and TLC comparisons with an autha~tic spc~hnen.~~ 

Rqxtitkn of the above cxpcrimcnt ia #Id, gave 21 compkicly lab&d in the mehine pbcnyl group 
as~atedbyno~h~einthcnsonanceoftheo~~ptotoasofthcbenzoylmoietyinitsNMR 
spcc@um which eppcarrd as a multipkt a~~tcrcd about 8.00 d and the prcau~ce of the m/c 105 Frogmae 
(base peak, &O+e) in its mass specbum. 

Reactrlon of 3 with zinc in aqueous acetic add 
1-&nyI-1-hydroxyacctax Gxime (23). A &I of 1.8 g (0.01 mole) of 3 in 25 ml anhyd &a 

containing4gZndustwaaetirrtdatroomtempwhilesdding,d~2-3min,Smlof75%acpleous 
Ad)H.Thcresultiagcxothamicrcactioncauscdtheethatoboil.Ancdditional~lOmlofdhaw~ 
add4dandstirring~inuadforatotalof25min.Thcrcactioomixturrw~ffltasdtheffl~~e 
washed with ether and the combined Ptratcs WQC washed with dilute (<IN) HCI, WM. NaHCO, aq 
drkd and evaporated to ykld 0.8 g of a colorless oil [escntiaily ant epo& R,ca 0.6. on TLC (#H- 
EtGAc l:l)] which crystallized rcktively slowly on seeding with authmtic 23 (see above). The 
somewhat oily crystals were pxssed on filter paper to give 0.66 g (40%) of 23, mdting at lO&lll*Y; 

ad 305 p; ##m 7.34 (5-ptoton m, aromatic protons) 5.27 (l- proton broadened 4 +CiiOH-_) 
and 1.63 (3-proton s. CHJ. Analytically pure mataial could be obtained by thick-layer cwaphii 
puritication using 4H-EtGAc 1: 1 for developmmt 

Hydrogemati~ of 3 over phztfmm oxide in ethyl acetate. A soh~ of 1.8 g (O-01 mole) of 3 in 25 ml 
EtoAc was hydrogenated in a Parr shaka over 0.18 g PtG, for 15 min. Two pounds (CL 0.024 mok) of 
H, was consumed during this time. the catalyst was separated by tIltration and the tiltrate diluted with 
Uhcr and washul with dilute HCI, water, drkd and evaporated to yield 1.35 g of a pale yellow liquid. 
Partition chromatography on Cclite 545 using hc#ane-EQGAeMcGH-water 90 : 10: 17 :4 for 
development permitted the separation of the sexcoiso~ ofnitro alcdllbol u ohtaimd as light orange 
liquids: faster moving isomer-141 mg; slowa moving iaom-290 mg. llx. column McOH wash 
yielded 335 mg of 2.3 kkntifkd by m.p.. IR, NMR aind TLC comparisons with 23 iaolatcd above. 

Spectdp~~~ cl/the stemisoineric nihv aidols 
Fe movtng iwmer. AZ ca. 2.8 (hi) (OH) and 6.48 )I (S) (NOJ. &?‘a 7.37 (5-protan s, aromatic 

protom), 5.38 (l-proton d, I = 3 m +CaOH-) 6-33 (l-proton octet, -G,CflCH& and J = 6 a 
-GINCHC&). d, I - 6 Hz, --INCHC&). 

Slowa w Isomer. e CB 2.8 (M) (OH) aad 648 p (Sj (NO& m 7.37 @--proton s, aromatic 
proton m, ~OHCIINO&H,, unlike the otha isoma. ti oilc exhibited ovalrppine chemical shifts 
for thge protons) and 1.26 B-proton d, I - 6 & -GrNCHC!&). 

ThcstSamC~isomas,aSindicrtedbyIRandNMR~alcOmparisons,werCobtainedfromthe 
rcaUian of bcnzaldhydc and n&o&am according to the general proccdme of Hollman.” 

A solution of 4.2 g (0.04 mole) of baualdehydc and 5 g (O-067 mole) of oitroethanc in 30 ml McGH 
waacoolcdinicc-watcrandtnxtaIwithasdnof6~4g(0~l7molc)ofNaGHin10mlwatcr.The 
rcsultingcolorlesasolnwaskcptintheire-bathfor 15min,th~pouraJintoamixtucdglacialAcGH 
aadichThcmixtunwasartrcrctt<lwithdhcrandthecthawl~~arithNaHCO,aq,wrta, 
drkdendcv~toykldaliquklrcaiducwhkhcontainedcuukkrabk amouutaofbalzaldeh* 
Radioallyallofthelltta~removedbyhighv~umplmp~~roomtempfor35hr.~ran~ 
1.8gbfliquidresidueconsistedvaylargelyoftbeisomas of24$aDdwucEparatcdbypaleml 
chromatography a8 described above. 
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