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(1 mmol) in DME (2 ml) with stirring usually at -15 O C  (ice-salt 
bath) or as indicated in Table I. The reaction mixture was stirred 
at that temperature for a certain period of time (Table I) as 
required for completion (monitored by TLC) and quenched with 
careful dropwise addition of aqueous hydrochloric acid (0.5 N). 
The organic phase was separated, and the aqueous layer was 
extracted with ether (3 X 10 mL). The combined organic phase 
and ether extract was washed with water (2 X 10 mL), dried 
(MgSO,), and evaporated to leave the product, which was iden- 
tified by comparison with an authentic sample (TLC, IR, and 'H 
NMR). In general, the yield was nearly quantitative, and the 
product did not need further purification. 
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Registry No. Cyclopentanone, 120-92-3; 3-methylcyclopent- 
2-en-l-one, 2758-18-1; 3-methylcyclohexanone, 591-24-2; 3- 
methylcyclohex-2-en-l-one, 1193-18-6; cyclohexanone, 108-94-1; 
cyclohex-2-en-l-one, 930-68-7; cycloheptanone, 502-42-1; 7- 
methoxy-l-benzosuberone, 6500-65-8; 2-chlorocyclohexanone, 
822-87-7; ethyl 2-oxacyclopentanecarboxylate, 611-10-9; ethyl 
acetoacetate, 141-97-9; 3,4,8,8a-tetrahydro-8a-methyl-1,6- 
(2H,7H)-naphthalenedione, 20007-72-1; 5,6-dibenzoyl-4-meth- 
oxybicyclo[2.2.2]oct-5-en-2-one, 93621-14-8; cyclopentenone, 96- 
41-3; zinc borohydride, 17611-70-.O; 3-methylcyclohexanol, 591-23-1; 
cyclohexanol, 108-93-0; cyclohex-2-en-l-ol, 822-67-3; cycloheptanol, 
502-41-0; 2-chlorocyclohexanol, 1561-86-0; ethyl 2-oxacyclopen- 
tanecarboxylate, 54972-10-0; ethyl 3-hydroxybutanoate, 5405-41-4; 
4,4a,5,6,7,8-hexahydro-5-hydroxy-4a-methyl-2(3~-napht~enone, 
4242-00-6; 5,6-dibenzoyl-4-methoxybicyclo[2.2.2]oct-5-en-2-01, 

122-57-6; PhCHO, 100-52-7; PhCOCH3, 98-86-2; Me&= 
CHCHzC(Me)=CHCHO, 5392-40-5; MezC=CHCHzCHzC(Me)- 

100-51-6; PhCHz0HCH3, 98-85-1; MezC=CHCHzCHzC(Me)= 

129467-74-9; PhCH=CHCHO, 104-55-2; PhCH=CHCOCH,, 

=CHCOCH, 817-8&9; PhCH=CHCH,OH, 104-54-1; PhCHZOH, 

CHCHZOH, 624-15-7. 

(8) A stock solution of zinc borohydride in DME, prepared according 
to the reported procedure (ref 3c), can be stored in a refrigerator in a 
closed container for several weeks. 
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The recent resurgence of the chemistry of nitroalkanes 
has largely dealt with their reactivity toward nucleophiles;2 
in particular, the new synthetic approaches have utilized 
the single-electron-transfer (SET) m e ~ h a n i s m . ~  Attention 
has also been devoted to  SRNl reactions of nucleophiles 
with a-substituted nitroalkanes; however, with excess base, 
nitroalkanes eliminated H N 0 2  to afford the corresponding 
a,P-unsaturated derivatives. Recently, facile elimination 
of H N 0 2  from an angular tertiary nitro group upon contact 
with silica gel or neutral alumina a t  ambient temperature 
has been r e p ~ r t e d . ~  
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In our quest for functionalized methane derivatives 
suitable for the  construction of all carbon unimolecular 
 micelle^,^ convenient starting materials were the tertiary 
nitro triesters, obtained from the base-catalyzed addition 
of nitromethane to  alkyl acrylates. Although syntheses of 
these triesters have generally been performed in modest 
yields, using sodium or potassium hydroxide6 or sodium 
methoxide in tert-butyl alcohol,' and in improved yields 
using liquid ammonia8 or ion exchange resins? they have 
generally been plagued with eratic exothermicity. We 
herein report the preparation of these triesters in 95% 
yield when the reaction is conducted in the presence of 
40% aqueous Triton-B using dimethoxyethane as solvent. 
The  nitro triesters were isolated in >98% purity and were 
uncontaminated with either the mono- or diester precur- 
sors. Saponification of la afforded OzNC(CH2CH2C02H)3, 
which represents an alternative method to using the  tris 
nitrile.' These esters are also important starting materials 
in the preparation of oxo-2,2-pyrrolidinepropionates, as 
well as a series of novel poiymers.1° 
02NCH3 + 3CH2=CHC02R -+ 02NC(CH&H2C02R)3 

1 
Attempts to distill these triesters 1, as reported? a t  

mmHg gave rise to  partial decomposition with the  slow 
evolution of a reddish gas; only la  could be purified by 
distillation mmHg) without substantial decomposi- 
tion. Analytically pure samples of 1 were obtained by flash 
chromatography on silica gel, without decomposition. 

Esters 1 were subjected to thermolysis (305-310 OC) for 
12-15 min under an  inert atmosphere to  probe this deg- 
radation, rapid extrusion of HN02,  in the form of nitrous 
oxide(s) and water, was observed under these conditions. 
Although some resinification was observed, the  P,y-un- 
saturated esters 2 were obtained in 62-65% yield. The  
02NC(CH2CH&02R)3 - 

1 
(R02CCH2CHJ&=CHCH2CO,R 

2 
a (R = Me), b (R = Et) ,  c (R = n-Bu) 

elimination process could be monitored by the disap- 
pearance of the prominent absorption (1537 cm-') for the 
nitro group in the  IR spectrum. The  'H NMR data for 
2 shows a doublet at 6 ca. 3.1 for the a-CH2 triplet a t  6 ca. 
5.4 for the =CH indicative of the &y-double bond; no 
evidence of double-bond migration was observed. 
4-Nitro-4-(3-hydroxypropyl)-1,7-dihydroxyheptane1 

when treated with acetic anhydride in pyridine afforded 
(92%) the  nitro triacetate 3, which was confirmed ('H 
NMR) by the singlet at 6 1.99 for the acetate methyl. 
Under similar thermolysis conditions, 3 extruded H N 0 2  
to generate (67%) the desired trisubtituted olefin 4, which 
possessed three unique acetyl methyl groups. 

The  facile preparation of 1, which circumvents the  
well-known detrimental exothermicity in this Michael 
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Diethyl 44 24 Ethoxycarbonyl)ethyl]hept-3-enedioate (2b). 
General Procedure. The neat triester lb (7 g, 190 mmol) was 
heated to 305 "C under nitrogen for 15 min, during which time 
gases were extruded. After cooling to 25 "C, the crude residue 
was distilled (Kugelrohr) in vacuo to give (60%) the alkene, as 
a light yellow oil: 3.62 g; bp 170 "C (0.1 mm); 'H NMR 6 1.25 
(t, J = 7.1 Hz, CH3,9 H), 2.38 (b, CHz,8 H), 3.08 (d, J =  7.2 Hz, 
CHZ, 2 H), 4.08 (4, J = 7.1 Hz, 3 X CH2, 6 H), 5.42 (t, J = 7.2 

3 X CH,), 25.4, 30.8 (2 X CHZ), 63.67 (OCHZ), 118.13 (=CH-), 
Hz, =CH-, 1 H); 13C NMR 6 13.80 (CH3) 32.10, 32.30, 32.83 ( 

139.20 (=C), 171.80 (C=O), 172.8, 172.9 ( 2 X C=O); IR (neat) 
1175 (C-O), 1738 (C=O) cm-'. Anal. Calcd for C16Hza06: C, 
61.12; H, 8.34. Found: C, 61.28; H, 8.26. 
Dimethyl 4-[2-(methoxycarbonyl)ethyl]hept-3-enedioate 

(2a) was prepared in similar manner from la: oil; 62%; bp 155 
"C (0.1 mm); 'H NMR 6 2.39 (s, CH3, 9 H), 3.09 (d, J = 7.2 Hz, 

13C NMR 6 32.1, 32.3, 32.8 (3 X COCHz), 25.4, 30.8 (2 X CHz), 
51.20 (OCH,), 118.10 (=CH-), 139.24 (C=), 171.80, 172.83 (2 
C=O); IR (neat) 1738 (C=O) cm-'. Anal. Calcd for Cl3HZ0o6: 
C, 57.34; H, 7.40. Found: C, 57.49; H, 7.09. 
Dibutyl 4-[2-(butoxycarbonyl)ethyl]hept-3-enedioate (2c) 

was prepared from IC: oil; 64%; bp 200 "C (0.2 mm); 'H NMR 
6 0.93 (t, J = 6.2 Hz, CH3, 9 H), 1.21-1.53 (m, CHzCH2, 12 H), 

2 H), 3.67 (bs, CHZCHZ, 8 H), 5.41 (t, J = 7.2 Hz, =CH-, 1 H); 

3.08 (d, J = 7.2 Hz, CHZ, 8 H), 4.07 (t, J = 6.4 Hz, OCHZ, 2 H), 

18.8 (3 X CH,CHz), 25.4 (CHCHZCO), 30.4 (3 X CHZ), 31.0, 32.4, 
32.6, 33.1 ( 2 X CHZCHZ), 63.9, 64.0, 64.1 ( 3 X CHZO), 118.0 

5.42 (t, J = 7.2 Hz, =CH-, 1 H); 13C NMR 6 13.3 (3 X CHJ, 

(=CH), 139.2 (C=), 171.48, 172.56 (2 C=O); IR (neat) 1738 
(C=O) cm-'. Anal. Calcd for C32HSO6: C, 66.29; H, 9.61. Found 
C, 66.27; H, 9.62. 
4-Nitro-4-[ 1-( 3-acetoxypropy1)l- 1,7-diacetoxyheptane (3). 

A stirred solution of 0zNC(CHzCHzCHz0H)3~1 [bp > 150 "C (0.3 
mm); 7.4 g, 31 mmol], AczO (25 mL), and pyridine (5 drops) was 
heated to 70 "C for 12 h. After cooling, the mixture was poured 
into water, stirred for 3 h, then neutralized with NaHC03, and 
extracted with ether (3 X 50 mL). The combined extract was 
washed with brine, dried over anhydrous Na2SO4, and concen- 
trated in vacuo to give a residue, which was column chromato- 
graphed (SiOz) eluting with benzene to afford (92%) the triacetate 
3, as a light yellow oil: 10.5 g; 'H NMR 6 1.86 (m, CHz, 12 H), 
1.99 (m, 3 X CH3, 9 H), 4.00 (t, CHzO, J = 6.1 Hz, 6 H); 13C NMR 

(quaternary C), 170.61 (C=O); IR (neat) 1743 (ester), 1542,1363 
(NOz) cm-'. Anal. Calcd for Cl6HZ7N0$ C, 53.17; H, 7.53; N, 
3.88. Found: C, 53.59; H, 7.51; N, 3.82. 
44 1-(2-Acetoxypropy1)]-1,7-diacetoxyhept-3-ene (4) was 

prepared from 3: 73%; bp 185 "C (0.1 mm); 'H NMR 6 1.73-1.81 

6 20.6 (CH3), 22.93 (CCHZCHZ), 31.77 (CCHZ), 63.34 (CHZO), 93.09 

(m, CHZCHZ, 8 H), 2.03 (5, CH3, 3 H), 2.04 (9, CH,, 3 H), 2.05 (9, 
CH3, 3 H), 2.40 (d, J = 7.2 Hz, =CHCHz, 2 H), 4.05 (t, 3 X OCHZ, 

(CH3), 26.0, 26.70 (CHZCHJ, 26.93, 27.03 (CHzC=CH), 32.5 (= 
CHCHZ), 63.76 (OCHZ), 121.25 (=CH-), 139.86 (-C=), 171.01 

J=6.7Hz,6H),5.18(t,J= 7.2H~,==cH,lH);'~CNMR620.58 

(C=O); IR (neat) 1743 (ester) cm-'. Anal. Calcd for C~~HZ~OB: 
C, 61.12; H, 8.33. Found: C, 61.15; H, 8.27. 
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O ~ N C ( C H ~ C H ~ C H ~ O A C ) ~  ---+ 

3 
(AcOCH~CH~CH~)~C=CHCH~CH~OAC 

4 

addition, provides convenient access to trisubstituted 
olefins possessing thermal functionalization. 

Experimental Section 
General Comments. Melting points were taken in capillary 

tubes and are uncorrected. The 'H and 13C NMR spectra were 
obtained in CDCl,, unless otherwise stated, with Me&, as the 
internal standard (6 = 0 ppm). Infrared spectra (IR) were recorded 
in a Perkin-Elmer 621 grating infrared spectrometer. Elemental 
analyses were performed by M-H-W Laboratories, Phoenix, AZ. 
Diethyl 4-Nitro-4-[ 1-[2-(ethoxycarbonyl)ethyl]]heptane- 

dioate (lb). General Procedure. To a stirred solution of 
MeNOz (15.25 g, 250 mmol), Triton B (benzyltrimethylammonium 
hydroxide, 40% in water; 1 mL), and dimethoxyethane (40 mL) 
was added dropwise ethyl acrylate (75 g, 750 mmol) over 30 min 
at a rate that the temperature of 72-78 "C was maintained. 
Additional Triton B was added twice when the temperature 
started to decrease; then stirring was continued for an additional 
45 min. After concentration in vacuo, the residue was dissolved 
in CHCl, (250 mL), washed with dilute aqueous HCI (0.5 N, 100 
mL), and then brine (3 X 80 mL), dried over anhydrous MgS04, 
and concentrated in vacuo to afford the crude triester, which was 
column chromatographed on SiOz eluting with EtOAc/C6H14 (1:5) 
to give (85%) triester lb as a light yellow oil: 90 g; 'H NMR 6 
1.24 (t, CHZCH3, J = 7.1 Hz, 9 H), 2.26 (b, 8 H), 4.10 (4, CHzCH3, 
J = 7.1 Hz, 6 H); 13C NMR 6 13.81 (CH,), 28.43 (OCHZ), 30.02 
(CHZCHZCO), 60.73 (CHZCO), 91.07 (CNOZ), 171.80 (C=O); IR 
(neat) 1738 (COzEt), 1542 (NO,) cm-'. Anal. Calcd for ClaH,N08: 
C, 53.17; H, 7.65; N, 3.88 Found: C, 53.63; H, 7.53; N, 4.09. 
Dimethyl 4-nitro-4-[ 1-[2-(methoxycarbonyl)ethyl]]hep- 

tanedioate (la): oil; 96%, 'H NMR 6 2.20 (b, CHzCHz, 12 H), 
3.59 (8,  OCH,, 9 H); 13C NMR 6 28.19 (CHzCHzCO), 29.98 (C- 
HzCHzCO), 51.70 (OCH,), 91.79 (quaternary C), 171.80 (C=O); 
IR (neat) 1738 (CO2CH3), 1542 (NOz) cm-'. Anal. Calcd for 
Cl3HZ1NO8: C, 48.89; H, 6.62; N, 4.38. Found: C, 49.07; H, 6.87; 
N, 4.52. 
Dibutyl 4-nitro-4-[ 1-[2-(butoxycarbonyl)ethyl]]heptane- 

dioate (IC): oil; 92%; 'H NMR 6 0.93 (t, CH3, J = 6.2 Hz, 9 H), 
1.23-1.51 (m, CHzCHz, 12 H), 2.27 (CHzCHzCO, 12 H), 4.07 (t, 

HzO), 93.1 (quaternary C), 172.1 (C=O); IR (neat) 1738 (C=O), 
1542 (NOz) cm-'. Anal. Calcd for C22H39N08: C, 59.30; H, 8.82; 
N, 3.14. Found: C, 59.54; H, 8.67; N, 3.27. 
4-Nitro-4-[ 1-(2-~arboxyethyl)]heptanedioic Acid. A sus- 

pension of the nitro trimethyl ester la (16.0 g, 50 mmol), aqueous 
sodium hydroxide (80 mL), and CH30H (30 mL) was stirred at 
25 "C for 24 h. The solution was concentrated in vacuo and then 
acidified with concentrated HzS04 (12 9). The precipitate was 
filtered and washed with ice water (30 mL) to afford (98%) the 
triacid, as white crystals: 14 g; mp 184 "C (lit." mp 186 "C). 

OCHZ, J = 6.4 Hz, 6 H); 13C NMR 6 13.3 (CH3), 18.8 (CHSCHZ), 
30.4 (CH&HZCHz), 32.4 (CHZCHZCO), 41.1 (CHZCO), 64.0 (C- 

(11) Sorm, F.; Beranek, J. Collect. Czech. Chem. Commun. 1954, 19, 
298. 


