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mixture was stirred for 3 h at  -70 "C. After warming to room tem- 
perature, 10% NH&1 was added and the aqueous layer extracted 3 
times with ether. The combined organic layers were washed with 5% 
HCl, 5% NaHCO:1, and water, then dried over MgS04. Filtration and 
evaporation yielded 0.31 g of yellow oil: NMR 6 1.75 (s,3 H), 3.56 (s, 
3 H), 3.6-3.7 (m, 1 H), 7.30, 7.52 (2m, 5 H); IR A,,, 5.77 fim. 

The crude selenoester was dissolved in ethyl acetate (6 mL) and 
with ice-cooling, 30% H202 (0.6 mL, 5.3 mmol) was added cautiously. 
After stirring for 2 h at 0 "C, the reaction mixture was diluted with 
water (10 mL) arid extracted twice with ether. The organic extracts 
were washed with 10% NaHS03, 5% NaHC03, and water. Drying 
(MgS04), filtration, and concentration afforded 0.11 g of an oil. Col- 
umn chromatography (10 g silica gel, CHC13) was used to elute the 
desired product 5a 155 mg. 30%) having Rf = 0.6 in CHC13: NMR 6 5.37 
(d, 1 H. J = 2 Hz), 4.58 (d,  1 H, J = 2 Hz), 3.76 (s, 3 H), 3.8-4.05 (m, 
1 H); IR A,,, 5,83,6.16 Frn. This material was identical in every re- 
spect with an au:hentic sample of 5a prepared by the anionic con- 
densation of methyl cyclohexyloxyacetate with formaldehyde, then 
dehydration. 

Selenation of Methyl 2-(2-Cyclohexen-l-yl)oxypropionate. 
Preparation of 4b and Oxidation to 5b. A solution of LDA (1.8 
mmol) was prepared as usual from diisopropylamine (0.252 mL) and 
n-BuLi (1.125 ml, of a 1.6 M solution) in THF (6.5 mL), then cooled 
to -70 "C under N 2 .  A mixture of 3b (0.276 g, 1.5 mmol) and HMPA 
(0.537 g, 3 mmol) in THF il.5 mL) was added slowly and the colorless 
solution was stirred for 1 h at -70 "C. Then PhSeSePh (0.562 g, 1.8 
mmol) in THF (1.5 mL) was introduced and after 1 h a t  -70 "C fol- 
lowed by 3 h at  -40 "C, the reaction was terminated by adding 10% 
NH&1(10 mL). Three ether extracts were combined and washed with 
5% HCI, 5% NaEC03, and water. Drying (MgS04), filtration, and 
concentration afforded 0.60 g of yellow oil: NMR 6 1.80 (s, 3 H), 3.55 
(s? 3 H), 4.4-4.5 (broad m, 1 H), 5.75 (broads, 2 H), 7.33,7.55 (2 m, 5 
H); IR A,,, 5.77 pm. 

The crude product was dissolved in ethyl acetate (9 mL) and cooled 
to 0 "C. Thirty percent H:l02 (0.8 ml, 7 mmol) was added slowly, the 
reaction mixture i3tirred 2 h at  0 "C, then worked up by diluting with 
water (10 mL) anmd extracting twice, with ether. The combined ether 
layers were washed with cold NaHC03 and water, then dried over 
MgS04. Filtration and evaporation furnished 0.199 g of oil. TLC 
showed a UV active spot having R/ = 0.5 in CHC13. The crude product 
was chromatograohed on a column of silica gel (10 g) using CHC13 to 
afford 0.099 g of clear, colorless 5b (36%): NMR 6 5.82 (broads, 2 H), 
5.38 (d, 1 H, J = 2 Hz), 4.63 (d, 2 H, J = 2 Hz), 4.50 (broad m, 1 H), 
9.77 (s, 3 H); IR Amax 5.79, 6.17 pm. This substance was identical in 
every respect with an authentic sample of 5b prepared by the con- 
densation of mett.yl cyclohexenyloxyacetate with formaldehyde, then 
dehydration. 

Preparation of Acetoxyselenide 8. Oxidation of 8 to 9. A solu- 
tion of methyl 2-phenylselenopropionate (0.30 g, 1.24 mmol) in THF 
( 3  mI,) was cooled to - 2 2  "C under N2 and treated with powdered 
m-chloroperoxybenzoic acid (85%; 0.251 g, 1.24 mmol). After 30 min, 
acetic anhydride (0.152 g, 1.49 mmol) was added by microsyringe 
followed by pyridine (0.21.6 g, 2.73 mmol). The contents of the flask 
were stirred for 1 h at -20 "C then 2 h at 0 "C. Ether was added and 
the organic layer tieparated, washed with 5% NaHC03 and water, and 
finally dried (MgS04). Filtration and concentration afforded 0.40 g 
of an oil. This crude product was chromatographed on a column of 
silica gel (15 g) eiuting with CHC13. Two major fractions were col- 
lected. First, 0.05Ci p (11%) of oil having Rf = 0.65 in CHC13 was eluted 
whose structure was shown to be methyl 2-(m-chlorobenzoyloxy)- 
2-phenylselenopropionate. Continued elution afforded 0.120 g (32%) 
of 8 as a colorless oil: NMR 6 1.83 (9, 3 H), 2.03 (s, 3 H), 3.59 (s, 3 H), 
7.32, 7.60 (2m, 5 111; IR A,,, 5.78 pm (broad). 

The above sample of 8 was dissolved in ethyl acetate (2.5 mL) and 
oxidized at 0 "C for 2 h with 30% H202 (0.3 mL). Workup as described 
above afforded 0.025 g of pure acetoxyacrylic ester 9 (44%): NMR 6 
6.05 (d, 1 H, J = 2 Hz), 5.16 (d, 1 H, J = 2 Hz), 3.82 (s, 3 H), 2.23 (s, 
:3 H); IR A,, 5.65, 5.78,6.09 pm. These values are essentially identical 
with those reported6 for an authentic sample of 9. 

Preparation 01' Chloroselenide 11. Oxidation of 11 to 12. A THF 
(30 mL) solution cf LDA was prepared as usual from diisopropylamine 
(1.54 mL) and n-IhiLi (6.9 mL of a 1.6 M solution) and cooled to -78 
O C  under Nz. To i.; was added a solution of methyl a-chloropropionate 
(1.225 g, 10 mmoll in THF (10 mL) with stirring over 1 h. Meanwhile 
PhSeBr was prepared from PhSeSePh (1.72 g, 5.5 mmol) and Brz (.88 
g, 5.5 mmol) in TllF (10 niL) at  0 "C. The selenating agent was then 
taken up in 3 syringe and added rapidly dropwise to the -70 "C en- 
date solution. After an additional hour at  -70 "C the reaction mixture 
warmed slowlb tc room temperature and was poured into cold 10% 
NH4Cl. Three ether extra.ctions were performed and the combined 

organic layers were washed with 5% HC1, H20, 5% NaHC03, and 
saturated NaCl solution. Drying (MgS04), filtration, and concen- 
tration afforded 2.9 g of yellow oil. Using silica gel column chroma- 
tography, the major product 11 (Rf 0.6 in CHC13) was isolated (0.69 
g, 69%) as a very pale yellow oil: NMR 6 2.05 (s, 3 H), 3.65 (s, 3 H), 7.35, 
7.65 (2m, 5 H); IR A,,, 5.76 fim. 

A portion of this sample (0.15 g, .54 mmol) was dissolved in ethyl 
acetate (3 mL) and treated with 30% HzO2 (0.31 mL) at  0 "C for 2 h. 
Workup in the standard fashion with precautions to prevent loss of 
the low-boiling product gave a concentrate of 12 containing some 
diethyl ether solvent: NMR 6 6.47 (d, 1 H, J = 2 Hz), 5.97 (d, 1 H, J 
= 2 Hz), 3.74 (s, 3 H), 1.97 (s, 3 H). These spectral data were identical 
with an authentic sample of 12 prepared according to Nield.lo 
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The  nitration of N-methylphthalimide (la) and N-ethyl- 
phthalimide (lb) has been reported to  give "almost exclu- 
sively" the 4-nitro derivative, 2.l However, no details of re- 
action conditions, actual isomer distributions, or the yields 
of nitrated products were presented. We recently investigated 
this reaction in an  effort to  develop a high-yield synthesis of 
4-nitro-N-alkylphthalimide~,~ and we wish a t  this time to  
report our results. 

We initially nitrated la, slightly modifying the conditions 
described for the nitration of phthalimide," to give an 85-90?? 
yield of pure 2a. If the reaction time was reduced from 16 to 
2 h, similar results were obtained (see Table I), but  a small 
amount of 3-nitro isomer, 3a, was obtained. Although the re- 
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Table I. T h e  Nitration of N-Methylphthalimide (1, R = CH3) 

HN03 (equiv)n HzS04 (mL) Temp ("C), time (h) 1 % 2 C  %3C 2/3 

90 (3.5 I 96 (6) 15-25,5 0 92 3 9713 
90 (3.5 I 96 (6) 15-25,2 1 81 5 9416 

90 (1.2) 96 (1.8) 70,2 36 43 3 9317 
90 (1.2) 96 (1.8) 90, 2 24 40 1 9812 
90 (1.51 96 (1.8) 70, 2 18 57 4 9317 
90 (2.01 96 (1.8) 70,2 0 77J 7 92/Se 
90 (3.01 96 (1.8) 70,2 0 80 5 9416f 

90 (2.0) 100 (1.8) 70, 1 0 82 6 9317 
90 (3.01 100 (1.8) 70, 1 0 80 6 9317 
98 (2.01 100 (1.8) 70 , l  0 79 7 92/8 

a The first number is the percentage of the nitric acid solution used. The second number is the molar equivalent of nitric acid used 
per 1 mol of 1. b The first number is the percentage of the sulfuric acid solution used. The second number is the mL of sulfuric acid 
solution used per mL of nitric acid solution. c The percent yield of this compound in the isolated mixture of products. Stirring 1 
g of this material with 4 mL of methanol resulted in a 72% recovery of material containing 71% of 2 and 29% of 1. e Extraction of the 
filtrate with a combination of methylene chloride and diethyl ether gave 0.58 g of material consisting of 3% phthalic anhydride, 41% 
4-nitrophthalic anhydride, 4% 3-nitrophthalic anhydride, 15% of la, 9% of 2a, and 28% of 3a by VPC analysis. f Ratio from I3C NMR 
was 95/5. 8 Stirring 1 g of this material with 4 mL of methanol resulted in an 89% recovery of material containing 100% of 2a. Ratio 
from 13C NMR was 97/3. 1 The reaction wa3 repeated on lox this scale (50 g of la) and the crude product was treated with methanol 
to give an 88% yield of pure 2a. The reaction was repeated on 1OX this scale (50 g of la) and the crude product was treated with methanol 
to give an 81% yield of pure 2a. 

% unreacted Ratio 

90 (3.5 1 96 (6) 15-25,16 0 90' 0 10010 

0 91 0 10010 

90 (1.5) 100 (1.8) 70,2 0.5 72 7 9119s 

Table 11. N-Alkylphthalimide Nitrations 

Temp ("C), % unreacted Ratio 
R HN03 (equiv) a HzS04 (mL) time (h) 1 % 2 c  % 3 c  2/3 

CH3CHz 90 (2.0) 96 (1.8) 70,2 3 84l 5 9416 

CHdCHd3 90 (2.0) 96 (1.8) 70,2 1 761 4 9515 
CHdCHd3 90 (3.5) 96 (6.0) 15-25,5 0 7 g k  5 9416 

CHdCHz)5" 90 (3.5) 96 (6.0) 15-25,5 14 13 0.6 96/4 

CH3CH2 90 (3.5) 96 (6.0) 15-25,5 0 86g 0 10010 

CHdCHd5' 90 (2.0) 96 (1.8) 70,2 40 21 2 9119 

C H ~ ( C H Z ) ~ ~ , '  90 (2.0) 96 (1.8) 70, 2 65 6 1 90110 
C H ~ C H Z ) ~ ~ ~ ~  90 (3.5) 96 (6.0) 15-25,f 5 33 4 0 10010 

a The first number is the percentage of the nitric acid solution used. The second number is the molar equivalents of nitric acid used 
per 1 mol of 1. The first number is the percentage of the sulfuric acid solution used. The second number is the mL of sulfuric acid 
solution used per mL of nitric acid solution. The percent yield of this compound in the isolated mixture of products. d Large amount 
of bubbling took place during the reaction. e Isolated product contained unidentified side products. f Extremely exothermic reaction; 
reaction temperature rose to 140 "C in 10 s even with ice bath cooling. g Mp 113-114 "C (liteh 114-115 "C). J. H. Billman and R. 
V. Cash, J .  Am Chem. SOC., 75,2499 (1953). Mp of material after MeOH treatment (63% recovery) 114-115 "C (lit.h 114-115 "C). 
I Mp of material after MeOH treatment (70% recovery) 94-95 "C (lit.h 95-96 "C). Mp of material after MeOH treatment (65% recovery) 
94-95 "C (liLh 95-96 "C). 

2 3 

d ,  R = (CH,),CH, 
e, R = (CH,),CH, 

a, R = CH, 
b, R = CH,CH,, 
c, R = fCH,),C:H, 

action did produce a high yield of pure 2a, we felt i t  suffered 
from several disadvantages. Foremost was the potential 
danger of a delayed exotherm during the nitration at  these low 
temperatures. We wished to  develop a procedure in which 
such an exotherm could be controlled and in which the large 
excess of nitric and sulfuric acid could be avoided. 

Reactions were carried out in which a mixture of N- 
methylphthalimide and sulfuric acid was heated to 70 "C and, 
after removal of the heat, nitric acid was added a t  such a rate 
to  maintain the temperature a t  70-75 "C. T h e  mixture was 
then stirred a t  the indicated temperature for the desired time 
and added to ice to precipitate the product. As shown in Table 
I, under these reaction conditions, the molar equivalents of 
nitric acid could be reduced from 3.5 to  2.0 and the volume of 

sulfuric acid could also be greatly reduced. The use of 90% 
nitric acid and 96% sulfuric acid was adequate for carrying out 
the  nitrations; the  only exception t o  this was when only 1.5 
molar equivalents of nitric acid was used. In this case the use 
of 100% sulfuric acid gave much less unreacted starting ma- 
terial. 

Using this procedure the nitric acid was consumed as soon 
as it was added and the danger of delayed exotherm was re- 
moved. However, by carrying out these reactions at elevated 
temperatures, we did produce small amounts of the isomer 3a. 
Fortunately we found that  if the isolated mixture was simply 
stirred with methanol, the 3-nitro isomer, 3a, and the starting 
imide, la, could be removed and pure 2a could be obtained. 

As shown in Table 11, we also investigated the nitration of 
N-ethyl-, N-butyl-, N-hexyl-, and N-octylphthalimide using 
both sets of nitrating conditions. T h e  N-ethyl system gave 
results very similar to  the N-methyl system; however, as the 
size of the R group was further increased, the yield of nitrated 
products greatly decreased although the ratio of 4-nitrol3- 
nitro product remained relatively constant. By stirring the 
mixture of products obtained from the nitration of l b  and IC 
with methanol, pure 2b and 2c could be obtained although the 
percent recovery of pure 2 was lower in each case than for the 
N-methyl system. Nitration of the N-hexyl and N-octyl sys- 
tem resulted in severe bubbling which was thought to arise 
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from oxidation of the alkyl chain by the nitric acid.4 In the 
N-octyl systeni this side reaction is especially critical and 
when the reackon is carried out a t  room temperature, an ex- 
tremely rapid and dangerous exothermic reaction takes 
place. 

In summary, high yields of pure 4-nitro-N-methylphthal- 
imide can be obtained from the nitration of N-methyl- 
phthalimide. Although the nitration of la a t  15-25 O C  gives 
excellent yields of pure 2a, we feel that it is much safer to carry 
out these reactions under conditions which provide for a 
controlled exotherm. The small amount of 3-nitro isomer 
which is isolated in the product under these conditions can 
easily be separated by methanol treatment to  give pure 2a. 
The  nitration of N-ethyl- and N-butylphthalimide gives re- 
action mixtures containing primarily the corresponding 4- 
nitro compounds which can also be isolated by a methanol 
treatment although the yields of the recovered products 2 are 
lower than for the N-methyl system. The nitro group of these 
compounds is extremely labile t o  nucleophilic displacement 
which makes these nitro imides useful starting materials for 
the synthesis of a varictv of new phthalimide derivatives5 

Experimental Section 
All 'H spectra were rec'xded with a Varian Associates T-60 NMR 

spectrometer using tetramethylsilane as an internal standard and 
deuteriochlorofo-m or Me2S0-d~ as a solvent. All NMR spectra 
were recorded with a Varian Associates CFT-20 NMR spectrometer 
using complete 'H decoupling at  79.5 MHz with simultaneous 
observation at  20.0 MHz. Chemical shifts were measured from in- 
ternal tetramethylsilane or calibrated to this standard using known 
chemical shifts of solveni, peaks. Mass spectra were determined on 
a CEC 21-104 analytical mass spectrometer at 70 eV. Vapor phase 
chromatography (VPC). was carried out on a Hewlett Packard 5750 
instrument using a 6 ft 10% UC-W98 on 80/100 Chromosorb W col- 
umn with temperature programming between 150 and 300 "C at 8 
"C/min. Melting points were determined on a Thomas-Hoover in- 
strument and arc, uncorrected. 

All N-substituted phthalimides were prepared by reacting the 
appropriate alkl.lamine with either phthalic anhydride, 3-nitro- 
phthalic anhydride. or 4-nitrophthalic anhydride in refluxing acetic 
acid. The structures of these imides were confirmed by I3C NMR (see 
Supplemental Material Available paragraph), mass spectral analysis, 
and by a comparison of the melting points with literature values. The 
nitric and sulfuric acid scllntions were purchased commercially and 
were used as r e a  ived. 

Analysis of the N-methyl system was done by both l3C NMR and 
VPC. All other sFstems wixe analyzed only by VPC. VPC yields were 
obtained using a i  internal standard and correcting for detector re- 
sponse differenczs. Integrations were done on a Spectra Physics 
SP4000. The 13C NMR analyses were done in MezSO-ds with the 
ratios of the prodiict,s being determined from the average relative peak 
heights of the carbons for the 4 isomer at  129.4,124.5$ and 117.6 and 
for the 3 isomer at 136.1, 128.0, and 126.6 ppm. 

Typical Nitration Procedure. The Nitration of N-methyl- 
phthalimide (la I. A. At Lower Temperature. A mixture of 30.8 mL 
of 96% sulfuric acid and 5.13 mL of 90% nitric acid was cooled to 15 
"C. To this well-stirred schtion was added 5.00 g of la  at  such a rate 
to maintain the reaction temperature between 15 and 20 "C. When 
addition was complete, ii clear bright yellow-orange solution was 
obtained. The m.xture wtis allowed to slowly warm to room temper- 
ature and then to stand overnight a t  room temperature. The reaction 
mixture was then poured into ca. 600 mL of ice and the resulting 
precipitate was filtered, washed with cold water, and dried to give 5.80 
g (90%) of 2a which was pure by VPC analysis. 

This reaction vias repw ted using 50 g of la to give a crude product 
containing 98.5?0 of 2a and 1.5% of 3a. This material was stirred with 
250 mL of methaiol and filtered to give 56.53 g (88%) of pure 2a, mp 
175-176 "C (lit.] 177-178 "(2). 

B. At Elevated Temperature. A mixture of 5.0 g of l a  and 5.28 
mL of 96% sulfuric acid wes heated at 70 "C with an oil bath. The bath 
was removed and 2.93 mL of 90% nitric acid was added at such a rate 
as to maintain the intern11 temperature a t  70 "C (ca. 20 to 30 min). 
The reaction mixture was then heated at  70 "C for an additional 1.5 
h, cooled to roon- tempersture, and added to 200 mL of ice. The re- 
sulting precipital e was trllpcted by filtration and dried to give 5.39 

g of material. Analysis of this material by VPC showed it to consist 
of 92% of 2a and 8% of 3a for an isolated yield of 77% 2a and 7% 3a. 

The reaction was repeated using 50 g of la. The nitric acid was 
added over a period of ca. 100 min. Workup gave a crude product 
which contained 1% of la, 88% of 2a, and 11% of 3a. This crude 
product was stirred with 250 mL of methanol to give 51.5 g (80.5%) 
of 2a which was pure by VPC analysis, mp 175-177 "C (1it.I 177-178 
"C). 
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Asymmetric syntheses utilizing the menthyloxy group as 
a chirality director have been reported frequently; however, 
optical yields are generally too low to  be really useful.2 Al- 
though Lewis-acid catalyzed Diels-Alder reactions of menthyl 
acrylate are unusually efficient (optical yields approach 8M3), 
the  menthyloxy group is still far from ideal. 

As a result of a study directed toward the  enantioselective 
synthesis of intermediates useful for the preparation of 
naturally occurring prostaglandins we introduced the 
use of (1S,2R,5S)-2-(l-methyl-l-phenylethyl)-5-methyl- 
cyclohexanol, (+)-1, which proved to  be an exceptionally ef- 
ficient chirality d i r e ~ t o r . ~  

The  reaction of the acrylate ester of (-)-1 with cyclopen- 
tadiene afforded the endo-norbornenecarboxylic ester 2 in 
82% yield with 9% enanti~electivity.~ Similarly, the acrylate 
ester of (+)-1, on reaction with 5-benzyloxymethylcyclopen- 
tadiene, resulted in the formation of 3 in 89% yield and 97% 
enantioselectivity.4 

The preparation of ( - ) -1  in 71% yield from @)-(+)-pule-  

~~~22-3263/78/1943-1610$01.00/0 0 1978 American Chemical Society 


