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Nitroestrones (lb-d) are an important class of com- 
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pounds that can constitute useful starting material for a 
number of derivatives such as fluoro,2 i o d ~ , ~  or [bis(2- 
chloroethyl)amino]es~ones.4 The only method that allows 
access to the above compounds still relies upon the direct 
nitration of estrone la  by means of nitric acid in acetic 
acid. With 65% nitric acid a mixture of 2- and 4-nitro- 
estrones (lb) and (IC) is always obtained, along with trace 
amounts of 2,4-dinitroestrone Id. Repetition of the ni- 
tration procedure according to Werbin and Holowag af- 
forded, in our hands, a mixture of 40% of IC and 37% of 
lb  as described. The less soluble IC is recovered from the 
mixture by crystallization, whereas isolation of the 2-isomer 
lb requires additional purification from the mother liquor 
of crystallization of IC. In connection with our work on 
regioselective functionalization of the A-ring of estrogens! 
we pursued the idea of finding a regioselective preparation 
of either lb  or IC. The procedure outlined by Olah and 
co-workers7 for the nitration of simple aromatic compounds 
seemed attractive for our purpose. In the cited paper7 a 
nitronium ion was generated from N-nitropyrazole (2)* in 
the presence of boron trifluoride etherate as catalyst, and 
from the described results some preference for the ortho 
nitration was apparent. When the same reaction was 
carried out on la only one product of nitration was formed 
(40% yield after chromatography), whose 'H NMR clearly 
indicated that the nitration had occurred regiospecifically 
a t  position 2. Yields of lb  were 40-45% and could not be 
improved by variation in the amounts of 2 and of the 
catalyst. Also different conditions of reactions did not 
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change the situation, and together with lb, unreacted 
estrone (30%) and more polar products were always iso- 
lated. Use of silver nitrate and BF,-Et,O as nitrating 
agentsg gave approximately the same results, since 35% 
of lb  as sole product of nitration was obtained. As pre- 
viously, estrone (35%) and more polar products were iso- 
lated. 

With the limitation of the moderate yields, the syntheses 
of lb  outlined above constitute a t  present the only 
available method for regioselective preparation of a ni- 
troestrone. We have also further investigated the nitration 
of la by means of nitric acid, which has been reported to 
give low yields of 2,4-dinitroestrone Id. We have found 
that by use of 100% nitric acid in acetic acid Id is formed 
as the sole product of reaction (90% yield of crystallized 
product). To  our knowledge this is the first clean prepa- 
ration of dinitro-ld, which should be a useful starting 
material for 2,4disubstituted estrogens. These compounds 
are indeed of great interest, due to the importance of 
positions 2 and 4 in the metabolism of estrogens.1° 

Experimental Section 
All melting points are uncorrected. Infrared spectra were 

recorded for solutions in chloroform or for Nujol mulls, and 
absorptions are reported in reciprocal centimeters; NMR spectra 
were taken on a Varian HA-100 in chloroform-d solutions and 
are reported in b units relative to Me&. The mass spectra were 
determined on a Varian MAT 112 S spectrometer by direct inlet 
methods. The progress of all reactions and column chromato- 
graphies (silica 70-230 mesh) was monitored by TLC on silica 
gel (HFm) plates. Hexane-ethyl acetate mixtures were used as 
developing solvents, and spots were detected by spraying with 
5% ethanolic phosphomolybdic acid followed by heating (100 "C). 

2-Nitroestrone (lb): (A) Via N-Nitropyrazole. To a so- 
lution of la (0.270 g, 0.001 mol) in anhydrous dichloromethane 
(5 mL) was added distilled boron trifluoride etherate (0.2 mL) 
under nitrogen. N-Nitropyrazole (2: 0.448 g, 0.004 mol) was added 
in portions of 1 mmol/h at room temperature. The solution was 
poured into water (10 mL) and extracted with ether (3 X 10 mL). 
The organic solution was washed with water to neutrality, and 
the crude mixture of products were recovered after drying 
(Na2S04) and evaporation of solvents. Purification of the above 
products (0.520 g) by column chromatography allowed recovery 
of l b  (0.126 g, 40%) by elution with 8:2 hexane-ethyl acetate, 
unreacted estrone (0.082 g, 30%), and more polar function (0.090 
g), which were not further investigated. Crystallization from 
ethanol afforded pure lb: mp 176-178 "C (litS4 mp 176-177 "C); 

C-1). Anal. Calcd for C18H21N04: C, 68.57; H, 6.66, N, 4.40 
Found: C, 68.42; H, 6.53; N, 4.29. 

(B) Via Silver Nitrate. To a solution under nitrogen of la 
(0.270 g, 0.001 mol) in dry acetonitrile (10 mL) containing silver 
nitrate (0.169 g, 0.001 mol), was added BF,.Et20 (0.2 mL) and 
the resulting solution kept at room temperature (2 h). After the 
solution was poured into water (20 mL), extractions with diethyl 
ether (3 X 10 mL) and usual workup were performed. The crude 
mixture (0.280 g) was purified by column chromatography as 
above. 2-Nitroestrone (lb) was obtained in 35% yield (0.110 g) 
along with unreacted estrone (0.095 g, 35%) and more polar 
products (0.065 8). 

'H NMR 6 0.95 (8, 3 H, 18-CHJ, 6.90 (9, 1 H, C-4), 8.10 (8, 1 H, 
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2,l-Dinitroestrone ( ld) .  To a hot solution of la (0.270 g, 0.001 
mol) in acetic acid (10 mL) was added 100% nitric acid (0.135 
mL, 0.003 mol). After cooling at room temperature (3 h), the 
solution was poured into ice and the yellow precipitate filtered 
off and rinsed with water. Practically pure Id was obtained in 
90% yields (0.324 9). One crystallization from ethanol afforded 
an analytically pure sample: mp 175-177 "C; 'H NMR 6 0.95 (9, 
3 H, 18-CH3), 8.30 (s, 1 H, C-1). Anal. Calcd for C18HzoNzOs: 
C, 60.00; H, 5.55 N, 7.77 Found: C, 59.73; H, 5.65; N, 7.68. 

Acknowledgment. We thank Prof. A. Fiecchi for many 
helpful discussions and CNR (Rome) for financial support. 

Registry No. la, 53-16-7; l b ,  5976-73-8; Id, 42979-83-9. 

Synthesis of (*)-Umbelactone' 
Drury Caine,* A. Stephen Frobese, and 

Victoria C. Ukachukwu 
School of Chemistry, Georgia Institute of Technology, 

Atlanta, Georgia 

Received April 30, 1982 

available. In fact, the best procedure that we have found 
for the preparation of 2b allowed its isolation in less than 
10% yield. This involved the Favorskii rearrangement of 
a mixture of tribromobutanones to a mixture of 2b and 
the isomeric (2)- and (A')-3-bromo-2-methylpropenoic acids 
and isolation of the desired product by crystallization.6-8 

Recently, we found that p-bromo-a,/3-butenolides may 
be prepared by reaction of lithium (E)-3-bromo-3-lithio- 
propenoates, e.g., 3a, with carbonyl compounds in tetra- 
hydrofuran (THF) or diethyl ether at -78 "C followed by 
acidifi~ation.~ It appeared that if the bromobutenolide 
4 could be synthesized by this method that it should be 
possible to replace the halogen atom by a methyl group 
by using an appropiate cuprate reagent.l0 This approach 
to butenolide lb was also successful, but we were able to 
accomplish the last step only in low yield. 

The organolithium reagent 3a, which was required for 
the synthesis of 4, was prepared by treatment of the cor- 
responding (E)-bromo acid 3b with 2 equiv of n-butyl- 
lithium in THF a t  -78 "C. (@)-Bromo acid 3b was easily 
prepared by heating a neat sample the corresponding Z 
isomer,lla which is readily available from Favorskii rear- 

Numerous physiologic~y active compounds contain an 
a$-butenolide system.2 Umbelactone (la) is an example 

rangement of tribromoacetone,llb at 120 "C for 3 h.) Re- 
action of 3a with (benzy1oxy)acetaldehyde in T H F  -78 "C 
followed by acidification gave the P-bromobutenolide 4 in 

ROCH, b C 0 2 R ,  R, CO2Rl 

l a ,  R = H 2a, R, = R, = Li 31, R, = R, = Li 
b, R, = R, = H b, R = CH,Ph b, R, = H; R, = Br 

bo 
PhCH,OCH, 
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of a naturally occurring 7- (hydroxymethy1)-a,@-butenolide 
which was isolated recently from Memycelon Umbe la tum 
B ~ r m . ~ l *  The crude extract of this plant has been shown 
to exhibit activity against Ranikhe disease virus and also 
to  have spasmolytic and antiamphetamine a ~ t i v i t y . ~  

We report the first synthesis of (*)-la via preparation 
of its benzyl derivative l b  followed by removal of the 
hydroxyl protecting group by catalytic hydrogenation. 
Two routes were employed for the synthesis of lb. The 
first and shorter of these involved preparation of lithium 
(E)-3-lithio-2-butenoate (2a) by treatment of the corre- 
sponding bromo acid 2b with 2 equiv of n-butyllithium in 
ether a t  -78 "C6 and reaction of this organolithium reagent 
with (benzy1oxy)acetaldehyde followed by acidification. 
The approach allowed the preparation of lb  in 61% yield 
and in a single operation but it suffers from the disad- 
vantage that the starting bromo acid 2b is not readily 

65% yield: Treatment ofthis compound with the lithium 
dimethylcuprate-dimethyl sulfide complex12 a t  -78 "C for 
4 h followed by warming of the mixture to -30 "C, workup 
under acidic conditions, and separation of the product from 
the unreacted ,B-bromobutenolide by preparative thin-layer 
chromatography allowed the isolation of the desired (3- 
methylbutenolide lb in 28% yield (the yield was 55% 
based upon unrecovered starting material). Several at- 
tempts, using the lithium dimethylcuprate reagent, were 
made to improve the yield in the conversion of 4 into lb. 
When the reaction was run at -30 "C rather than -78 "C, 
a significant amount of what appeared to be the 0,y-double 
bond isomer of 4 was recovered. This suggested that a t  
the higher temperature partial deprotonation of the bu- 
tenolide by the cuprate reagent had occurred. When a 
longer reaction time or a larger excess of the cuprate 
reagent was employed, a smaller quantity of starting ma- 
terial was recovered, but the isolated yield of lb  was not 
improved. Lithium methyl(thiopheny1)cuprate has been 
used successfully for the conversion of cyclic P-halo enones 
into the corresponding /3-methyl enones.I3 However, at- 
tempts to use this reagent for the conversion of 4 into lb 
were unsuccessful. 

Hydrogenolysis of the benzyl group in lb in ethyl alcohol 
containing 10% palladium-carbon at atmospheric pressure 
gave crude (&)-umbelactone (la) in -90% yield. Sub- 
jection of the material to preparative TLC gave pure 
(*)-la, mp 60-62 "C. The synthetic material showed IR 
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