
4912 J. Org. Chem. 1992,57,4912-4924 

performed in 3-mL Teflon-capped glass vials. 
Molecular mechanics calculations were performed using the 

smn software package (version 5.32, Tripos Associates, b c .  a 
subsidiary of Evans & Sutherland) operating on a Digital 
Equipment Corp. (.DEC) microVAX workstation and an Evans 
& Sutherland PS-330 graphics terminal. 

Synthesb of Standarde. Ecgonine-2-4 methyl ester (Sa) was 
prepared as previously described.= The 2-deuterioecgonine 
methyl ester (a) wa13 isolated following the procedure of Casale" 
to give 24.5 mg of the crystalline hydrochloride salt (41% yield). 
The 2-deuterio analog of cocaine (la) was synthesized from 2- 
deuterioecgonine me!thyl ester (5d) following the benzoylation 
procedure of Sinnema6 

The 2-deuterio analogs of pseudoecgonine methyl ester (7d) 
and psebdoamine (&I) were synthe8ized following the procedures 
of Carroll6 and S i m 6  mpectively. Unlabeled ecgonine methyl 
ester (5), pseudoecgonine methyl ester (7), cocaine (l), and 
pseudococaine (2) were obtained from this laboratory and were 
part of an authenticated reference collection of the S.B.I. Drug 
Laboratory. 
Deuterium Incorporation and Epimerization. Into three 

separate 3-mL vials was placed 25 mg of unlabeled ecgonine 
methyl ester (5) (0.126 mol) ,  1.00 mL of MeOD (40.2 mmol), and 
3.0 mg of NaOMe (0.0555 mmol), and the vials were s d e d  under 
nitrogen with septa caps. One vial was kept at  7 OC (vial A), one 
at 25 OC (vial B), and one at  65 OC (vial C). Into the fourth and 
f i i  vials were placed 25 mg of pseudoecgonine methyl ester (7) 
(0.126 mmol), 1.00 mL of MeOD (40.2 mmol), and 3.0 mg of 
NaOMe (0.0555 mmol), and the vials were sealed under Nz and 
kept at  25 OC (vial D) and 65 "C (vial E). Aliquota of 50 pL were 
removed from vials A-E in intervals as outlined in Tables I-IV. 
Each aliquot was quenched with 10 pL of DzO (500 pmol) and 
extracted once with CHCIS (1 mL); the extracts were washed with 
5% NaHC03 (0.5 mL), dried over NGO,, fidtered, and subjected 
to both GC and GC/MS analysis. Reactions involving the methyl 
3&phenyltropane-2-cararboxylates were performed in an identical 
manner at  65 OC (Tablea V and VI). 
Molecular Modeling. Ekgonine methyl ester (5anti) with the 

N-methyl group anti to the three-carbon bridge (Le., equatorial 

(22) C d e ,  J. F.; L e d ,  2 4 .  H.; h e y ,  H. T.; Cooper, D. A. J. Label. 
Cmpds Radiopharm. 1991,1'9,327-335. 

to the piperidine ring) was constructed using the TRIPOS frag- 
ment library. The structure was subjected to MAXIMIN2 fol- 
lowed by MNDO with full geometry optimization. The resulting 
geometry was used as the starting point for constructing ecgonine 
methyl ester (5) with the N-methyl group syn to the three-carbon 
bridge, as well as anti and syn pseudoecgonine methyl ester. Each 
structure was then optimized using MNDO, AM1, and 
MAXIMIN2. The MNDO-optimized structures and the AM1- 
optimized structures were each optimized using MM2. The 
MNDO-optimized structures were subjected to conformational 
search (defining as rotatable the bonds RB1, from C-2 to the 
carbomethoxy group; RB2, from the carbonyl to the methoxy 
group; and RB3, from C-3 to the hydroxy group) within a 1-kcal 
window. Each of the resulting conformers was then subjected 
to MAXIMINP, MNDO, and MM2. The rotatable bonds RB1, 
RB2, and RB3 were not optimized in these calculations. The 
energies obtained were used in a program called BOLTS, de- 
veloped in our laboratories (J.P.B.), which allows the analysis of 
conformational populations based on energy differences according 
to the Boltzman equation (Table IX). The MNDO-optimized 
structures were also used to obtain the corresponding C-2 anions; 
each of these was optimized by MNDO as well. anti-Ecgonine 
methyl ester (5anti) was also constructed using the X-ray co- 
ordinates for cocaine (l), removing the benzoyl group and adding 
the hydrogen atoms; the MNDO-optimized form of this structure 
was then modified to syn-ecgonine methyl ester (Isyn), anti- 
pseudoecgonine methyl ester (7anti), and syn-pseudoecgonine 
methyl ester (7syn). Each of these structures was also optimized 
using MNDO. The heata of formation (or the energies, in the 
case of MAXIMIN2) are shown in Table VII. The equilibrium 
concentrations of ecgonine methyl ester (5) and pseudoecgonine 
methyl eater (7) at 65 OC, predicted by the energies obtained from 
the optimizations, were calcualted using BOLTS and are shown 
in Table VIII. 
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Aromatic nitroalkenes 9-12 underwent Lewis acid catalyzed cycloadditions with various cyclic alkenes to afford 
high yields of nitronates 25-30 with exclusive anti selectivity. Hammett studies helped to further delineate the 
role of the Lewis acid. Reaction of nitroalkenes 8 and 10 with various cyclic dienes in the presence of a Lewis 
acid demonstrated the ability of nitroalkenes to behave as dienes in cycloadditions. The major products were 
the syn diastereoniem which arise from an endo-folded transition structure. Finally, intramolecular cycloaddition 
of 36-39 allowed ,a correlation between the stereochemical course of the reaction and positions of sp2 centers 
in the tether to bte addressed. 

Introduction Scheme I 

Within the realm of ring-forming reactions, cyclo- -0 .p  .,N -oYl-O 
additions have secured an immutable and well-deserved f + R I V  stature in the minds and hands of chemists. The intro- 

satility of cycloaddition reactions by allowing rapid access 
duction of heterodienes' hiis extended the synthetic ver- (CWn i C W n  (CWn 

to various heterocvcles. Within these laboratories. we have 
(1) Weinrab, S. M.; Boger, D. B. Heten, Diels-Alder Methodology in extensively examhd the use of nitroalkenes 88 dienes in 

Organic Synthesis; Academic Prens: Orlando, 1987. [4 + 21 cycloadditions. 
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Scheme I1 
Intramolecular: 

R 
- o . ~ . O ~ h  

U W 
Intermolecular: 

SnCI, -0.fi.o @ antsyn 

9:1 

Nitroalkenes have been used as Michael acceptors with 
a wide range of nucleophiles including enamines? silyl enol 
ethers? and silyl ketene acetale," as well as 2a components 
in [2 + 21  cycloaddition^.^ Seebach has shown that en- 
amines react with nitroalkenes to afford cyclobutanes, the 
product of a formal [2 + 21 cycloaddition. The fact that 
both E and 2 enamines afford the same product suggests 
both the intermediacy of a common zwitterionic species 
and the reversibility of the initial C-C bond-forming event. 

In contrast, work in our laboratories has established that 
the Lewis acid catalyzed cyclization of nitroalkenes with 
dienophiles in a [4 + 21 fashion occurs with preservation 
of dienophile geometry (Scheme 1): Isolation of a five- 
membered ring nitronate indicates that, although not 
synchronous, the reaction must maintain a high degree of 
pericyclic character in order to preserve dienophile geom- 
etry. 

Previous work in these laboratories has shown the utility 
of the intramolecular [4 + 21 cycloaddition with regard to 
stereoselectivity, stereospecificity, and substitution pat- 
tem.7 The major nitronate product formed in these cy- 
cloadditions predictably possesses anti ring fusions that 
arise via an exo-folding of the side chain in the transition 
structure in which nonbonded interactions are minimized 
(Scheme 11). This reaction was further extended to the 
intermolecular variant using aliphatic nitroalkenes and 
cyclic dienophiles? Consistent with the above case, the 
major product was always the anti-fused nitronate, how- 
ever, the magnitude of the anti-eyn Selectivity was lower 
for the intermolecular variant (90:lO) as opposed to the 
intramolecular case (>982). 

A substitution pattem not yet examined, and one which 
would allow further exploration of the many facets of this 
reaction, would be nitroetyrenes. On the basis of frontier 
molecular orbital arguments, the ex0 vs endo selectivity 
of the intermolecular [4 + 21 cycloaddition should be in- 
creased by replacing an aliphatic substituent on the ni- 
troalkene with an aromatic one. Another reaction param- 
eter that warranted investigation concerned the influence 
of the Lewis acid on the reaction rate. The use of para- 
substituted nitrostyrenes in a Hammett study would allow 

(2) Seebach, D.; Beck, A. K.; Goliiki, J.; Hay, J. N.; Laube, T. Helu. 
Chrm. Acta 1986,68, 162. 

(3) (a) Miyaehita, M.; Yanami, T.; Kumazawa, T.; Yoshikoshi, A. J. 
Am. Chem. Soe. 1984, loS, 2149. (b) Seebach, D.; Brook, M. A. Helu. 
Chim. Acta 1986,68,319. 

(4) Miyaehita, M.; Kumazawa, T.; Yoshikoshi, A. Chem. Lett. 1980, 
1043. 

(6) Corey, E. J.; Estreicher, H. Tetrahedron Lett. 1981,603. 
(6) (a) Dappen, M. S., Ph.D. Thesis, University of Illinois, Urbana, 

1985. (b) Denmark, S. E.; Dappen, M. S.; Cramer, C. J. J. Am. Chem. 
Soc. 1986,108,1306. 

(7) Denmark, 5. E.; Moon, Y.-C.; Cramer, C. J.; Dappen, M. 5.; Sen- 
anayake, C. B. W. Tetrahedron 1990,46,7373. 

(8) Denmark, 5. E.; Cramer, C. J.; Stemberg, J. A. Helu. Chim. Acta 
1986,69,1971. 
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Scheme 111 

Scheme IV 

0 

Scheme V 

investigation of electronic effects in these Lewis acid 
catalyzed cycloadditions. 

An additional influence the role of the Lewis acid plays 
in this cycloaddition involves the periselectivity with di- 
enes. Nitroalkenes are known to react thermally with 
dienes to afford the [4 + 21 cycloaddud in which the ni- 
troalkene behaves as the dienophile? Periselectivity has 
never been examined with a diene in the presence of a 
Lewis acid (Scheme 111). 

Finally, the effect of sp2 centers in the connecting tether 
on the stereochemical course of the intramolecular [4 + 
21 cycloaddition was planned. Tietm'O has shown that the 
intramolecular cycloaddition of benzylidenepyrazolones 
proceeds with syn-selectivity when the diene is conjugated 
with the double bond in the connecting tether (in this case, 
from a benzene ring). Anti selectivity is observed if the 
double bond is in a nonconjugated position (Scheme IV). 
We were intxigued as to whether our system would behave 
analogously given the previously noted propensity for 
formation of anti cycloadducts (Scheme V). 

Results 
A. Preparation of Nitroalkenes. Nitroalkenes can 

be readily prepared by a modified Henry reaction" be- 
tween the appropriate aldehyde and nitroalkane. The 
resulting nitro alcohols can be acetylated and dehydro- 
acetylated in a one- or two-pot procedure to give nitro- 
alkenes. 

1. Synthesis of Nitroalkenes for Intermolecular 
Reactions. Nitroalkenes 7-12 were prepared by con- 

(9) (a) Parham, W. E.; Hunter, W. T.; Haneon, R. J. Am. Chem. SOC. 
1961,73,5068. (b) Weinstock, J.; Schwartz, N.; Kormendy, M. F. J.  Org. 
Chem. 1961,26,5247. 

(10) Tietze, L. F.; Brumby, T.; Pretor, M.; Remberg, G. J. Org. Chem. 
1988,53,810. 

(11) Wollenberg, R. H.; Miller, S. J. Tetruhedron Lett. 1978, 3219. 
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16, ZSOCHi 

14,74% (XsCH2, ZPH) 
17,54% (X-CH,. Z-OCHS) 

1534% (RxEt. X-CH2, 2-H) 
18,20% (23% 17) (R-Et, X-CH,, Z-OCHj) 
20. X=O 84% (R=Me, X=O,Z-H) 19, X=O,.Z=H 

Table I. Preparation of Nitroalkenes 

R'CH2W op - 
R CBUOK 

NQ l)A@,DMAP 

R' 
R2+ 2)DMAPorEbN 

R' 

nitro yield, nitro- yield, 
R' R2 alcohol % alkene % 

cyclohexyl CH3 1 94 7 84 
C6H6 H 2 89 8 84 

CH3 3 89 9 88 

4-NOzCeH4 CH3 6 78 12 77 

densing the appropriate aldehydes and either nitromethane 
or nitroethane with a catalytic amount of potassium 
tert-butoxide. As expectad, an electron-withdrawing group 
in the para position facilitated nitro alcohol formation 
(room temperature, 1 h), whereas a donating group re- 
tarded it (incomplete after 2 days). The nitro alcohols 
could then be dehydrated by acetylation with acetic an- 
hydride/4-(dimethylamino)pyridine @MAP) followed by 
elimination with either triethylamine or DMAP. 

2. Synthesis of Nitroalkenes for Intramolecular 
Reactions. Initial attempts to prepare 14 and 17 focused 
on alkylation of the oxazoline derived from benzaldehyde 
with prenyl bromide according to the method of Meyers.12 
This route was largely unsucceeeful; however, after lengthy 
experimentation, compounds 13 and 16 were successfully 
alkylated following the method of Commim.l3 This me- 
thod has the advantage that the aldehyde can remain as 
such during the reaction, eliminating subsequent manip- 
ulations of the oxazolines. Thus, alkylation of o-tolu- 
aldehyde with the allylic bromide afforded 14 in 74% yield. 
Similarly, reaction of 16 produced 64% of aldehyde 17. 

For aldehydes 14 and 17, condensation with nitroethane 
was only marginally successful. The Henry reaction is 
known to give variable results, in part due to its ease of 
reversibility. A solution to this problem is to "trap" the 
nitro alcohol such that the retrograde process is not a 
viable option. Toward this end, Seebach  ha^ reported two 
methods." The first involves the use of silyl nitronates 
and a catalytic amount of fluoride. The product is trapped 
as the siloxy nitroalkane. The preparation of the reagent 
was straightforward as reportad by Seebach, but reaction 
with 14 led to only a low recovery of starting material. The 
second method involves the use of a dianion "trap". The 
immediate product of alkylation still possesses anionic 
character on the a-carbon and is therefore less prone to 
reversion. In fact, treatment of 1-nitropropane in 

82 10 88 
4-CF&H4 CH3 5 95 11 82 

C6H6 
4CH,OC& CH3 4 

(12) Meyere, A. I.; h u e ,  G.; h t a ,  K. J. Am. Chem. SOC. 1974,96, 
288. 

(13) Comh, D. L.; Brown, J. D. J. Org. Chem. 1984,49, 1078. 
(14) (a) Colvin, E. W.; Beck, A K.; Seebach, D. Helo. Chim. Acta 1981, 

64, 2264. (b)  Seebach, D.; Lshr, F. Helv. Chim. Acta 1979, 62, 2239. 
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Table 11. 

R ' T  + 

R 

Reaction of Nitroalkenes with Cycloalkener 

SnCI, 

nitro- time, yield, 
R alkene n nitronate h anti" % 

cyclohexyl 7 5 24 90: lO 92 

4CHaOC6H4 10 5 26 0.6 1WO 96 
C6H6 9 5 25 0.8 1mo 93 

4CF&H4 11 5 27 1mo 86" 
4NOzCeH4 12 5 28 7 1mo 38* 
4-CHaOC& 10 6 29 3 1OO:O 87 
4-CH3OCeH4 10 7 30 0.5 1WO 99 

"Required warming to -30 OC for complete reaction. 
bRecovered 38% of 12. 

THF/HMPA (6:l) at -90 OC with 2 equiv of s-BuLi re- 
sulted in a lemon-yellow solution that, when treated with 
14 and quenched with acetic anhydride, afforded 34% of 
nitroalkene 15 directly. Aldehyde 17 was not as amenable 
to these conditions, providing nitroalkene 18 in only 20% 
yield. The final conjugated substrate 20 was prepared f" 
the known aldehydelo by the standard Henry reaction, 
followed by acetylation and elimination to afford nitro- 
alkene 20 in 84% overall yield. 

The syntheais of nonconjugated substrate 23 began with 
hydroxy aldehyde 21 (Scheme W). Treatment with the 
anion of isopropyltriphenylphosphonium iodide afforded 
hydroxy alkene 2la (61%), which was subsequently oxi- 
dizsd with prydinium chlorochromate to afford aldehyde 
22 in 68% yield. Standard protocol for conversion to 
nitroalkene 23 proceeded in 61% overall yield. 

B. Intermolecular Cycloadditions. 1. Cyclic 
Dienophiles. For comparison to the aromatic variants, 
aliphatic nitroalkene 7 was allowed to react with cyclo- 
pentene in the presence of SnCll to afford a 9 1  mixture 
of nitronates 24a and b, arising from ex0 and endo ap- 
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proach, respectively (Table 11). Gratifyingly, aromatic 
nitroalkene 9 reacted with cyclopentene in 30 min to 
afford exclusively nitronute 26in excellent yield. In fact, 
nitroalkenes 1&12 all behaved similarly to afford only anti 
cycloadducta. These results will be discussed later. There 
are, however, several points that deserve further comment. 
Nitroalkene 10 displayed an interesting color change 
during the course of the reaction which made this substrate 
particularly convenient to utilize in subsequent reactions. 
The pale yellow solution of nitroalkene consistently turned 
red upon addition of 1 drop of SnC14, becoming almost 
colorlees again after -5 a. This phenomenon was observed 
until 0.5-0.7 equiv of SnCb had been added, at which time 
the solution remained a white emulsion. 
As mentioned previously, a para electron-withdrawing 

group facilitates nitro alcohol formation. However, in the 
cycloaddition, a marked decelerating effect is observed for 
such substituents. For example, the reaction of 12 was 
allowed to warm to room temperature for 7 h and sti l l  38% 
of the starting material was recovered. The implications 
of this will be discussed later. 

We have previously8 noted that the aliphatic intermo- 
lecular cycloadditions of nitroalkenes with cycloalkenes 
exhibited the poorest selectivity (1:l) with cycloheptene. 
Surprisingly, reaction of aromatic nitroalkene 10 was 
completely selective for the anti nitronate with both cy- 
cloheptene and cyclohexene, albeit the rate of the reaction 
was slower in the latter case. The relative reaction rates 
of the three cycloalkenes (5, 7 > 6) correlate both with 
ring-strain energies and carboation stabilities as discussed 
earliere8 Interestingly, the nitroalkene derived from fur- 
fural did cyclize with cyclopentene to produce 34% of 
nitronate product; however, the major product observed 
arose from intermolecular reaction between nitr~alkenes.~~ 

2. Competition Studies. Nitroalkenes 9-12 were in- 
itially chosen for the competition experiments. However, 
it was evident upon their initial cyclization with cyclo- 
pentene that nitroalkene 12 was too sluggish to be in- 
cluded. Thus, remaining substrates 10 and 11 were in- 
dividually compared to parent nitroalkene 9. 

Equimolar amounts of the two nitroalkenes to be com- 
pared were combined in five separate flasks and cooled to 
-78 "C. An excesa (110 equiv) of cyclopentene was added 
to ensure pseudo-fmt-order kinetics. A solution of SnC1, 
was freshly prepared immediately before use with CHzClz 
that had been passed through a plug of basic alumina. 
Two equivalents of the SnC14 solution was added to each 
flask, and the reactions were quenched after 1, 2,10,30, 
and 80 min, respectively, with saturated aqueous NaHC03 
solution. The reaction progress was monitored by HPLC 
analysis of the mixtures after workup. A plot of log (100 
- % conversion) versus time showed that nitroalkene 10 
reacts 6 times faster than 9, which in turn r e a d  77 times 
faster than 11. 

3. Cyclic Dienes as Dienophiles. The enhanced re- 
activity and selectivity of aromatic n i t rdenes  with olefins 
stimulated investigation of their reactivity with dienes. 

(15) This is not suprising since we have utilized vinyl ethers as dien- 
ophiles; see: (a) Denmark, S. E.; Senensyake, C. B. W.; Ho, G.-D. Tet- 
rahedron 1990,46,4857. (b) Denmark, S. E.; Moon, Y.-C.; Senanayake, 
C. B. W. J. Am. Chem. Soc. 1990,112,311. (c) Denmark, S. E.; Schnute, 
M. E. J .  Org. Chem. 1991,56,6738. 
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Figure 1. Graphs of (a) nitroalkene 10 versus 9 and (b) nitro- 
alkene 9 versus 11. 

Table 111. Reactions of Nitroalkenes with Dienes 

N 4  SnCI, 
R1% + 

R2 

antC31-34 35 

nitro- yield, 
R' R2 alkene n nitronate svn:anti % 

~~~ 

CH3 4-CH3OCsH4 10 6 31 m20 53 
CH3 4-CH3OCsH4 10 5 32 m20 22 

8 6 33 66.33 83 
8 5 34 7525 66 

C6HS 
c&6 

Dienes are known1s to engage in thermal cycloadditions 
as 4r-components with a nitrostyrene dienophile. In 
striking contrast, the Lewis acid catalyzed cycloaddition 
of nitroalkene 10 with cyclohexadiene afforded two isom- 
eric nitronates, syn-31 and anti-31, in a 8020 ratio, the 
major isomer arising from an endo transition state (Table 
111). Likewise, cycloaddition of nitroalkene 8 with either 
cyclopentadiene or cyclohexadiene affords a predominance 
of nitronate syn-33 and syn-34. In no instance was cy- 
cloadduct 35, the product in which the nitroalkene par- 
ticipates as the dienophile, observed. 

C. Structural Analysis. The structural assignment 
of nitronates 25-30 was based on spectroscopic methods 
and by analogy to previous results in these laboratories. 
Representative structural data are collected in Table IV. 
The chemical shifts in both the 'H and 13C NMR spectra 
are indicative of the type of ring system, e.g., 6/5,6/6, or 
6/7. The protons HC(1) are consistently between 1.85 and 

(16) (a) Bendetti, F.; Pitacco, G.; Valentin, E. Tetrahedron 1979,35, 
2293. (b) Allen, C. F. H.; Bell, A. J.  Am. Chem. SOC. 1939,61, 521. (c) 
Parham, W. E.; Hunter, W. T.; Hanson, R. J. Am. Chem. SOC. 1951,73, 
5068. (d) Wildman, W. C.; Wildman, R. B. J. Org. Chem. 1952,17,581. 
(e) Al!en, C. F. H.; Bell, A.; Gates, J. W., Jr. J .  Org. Chem. 1943,8,373. 
(0 Wildman, W. C.; Hemminger, C. H. J. Org. Chem. 1962, 17, 1641. 
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Table IV. Structural Data for Cycloadducts from Cyclic Alkenes 

6 'H NMR (ppm), J (Hz) IR (cm-') 
compd R n C-N H&(1) HC(3) HC(5) 4, 6 I3C NMR (ppm) 

5 1601 1.86 3.55 4.90 5.0 83.99 
1599 1.85 3.49 4.89 5.6 84.39 26 4-CH30C& 5 

27 4-CF&Hd 5 1603 1.89 3.66 4.92 4.5 84.70 
28 4-NO&Hd 5 1592 1.89 3.71 4.92 4.8 84.73 
29 ~-CH~OCBH, 6 1.95 3.33 4.58 0 74.85 
30 4-CH@C& 7 1608 1.91 3.80 4.59 0 79.40 

25 CBH6 

Scheme VI11 

7.0 X 

OCH3 OCH3 

anC32 s p 3 2  

1.89 ppm in the 6/5 systems, moving downfield as the ring 
size increases (1.91-1.95 ppm). Particularly sensitive to 
ring size are HC(3) and HC(5). In the former, the 6/5 
system resonates between 3.49 and 3.71 ppm, moving up- 
field in the 6/6 (3.33 ppm) and downfield (3.80 ppm) in 
the 6/7 system. Most dramatic is the effect on HC(5) 
which typically falle between 4.89 and 4.92 for 6/5 systems 
and moves noticeably upfield (4.58-4.59) in both 6/6 and 
6/7 systems. Unfortunately, the coupling constants (0-4.8 
Hz) did not allow unambiguous assignment of the ring 
fusion as anti or syn. Inspection of Dreiding models reveals 
both a syn and anti cycloadduct conformation that could 
afford couplings within this range. We prefer that, by 
analogy with the aliphatic systems, the observance of a 
single stereobomer must arise from a similar ex0 transition 
structure rather than a complete change in mechanism. 
The extreme selectivity in these cycloadditions precluded 
comparisons to other isomers. In the I3C NMR spectra, 
C(5) is again the most diagnostic resonance, typically 
falling between 83.99 and 84.73 ppm for 6/5 ring fused 
nitronates, with a noticeable upfield shift for the 6/6 and 
6/7 system (74.85, 79.40 ppm). 

In the cycloadditions with dienes, the major stereoisomer 
was tentatively assigned as the syn adduct! This was most 
conclusive in the comparison of syn-31 and anti-31 as the 
diagnostic couplings of 2.7 and 9.0 Hz are so different. In 
addition, NOE studies (shown for the benzylic methine) 
supported these assignments. To unambiguously confirm 
these results, the olefin in nitronate syn-32 and anti-32 
was reduced using diimide prepared in situ from potassium 
azodicarboxylate and acetic acid." Indeed, minor nitro- 
n a b  anti-32 was identical to independently prepared 26 
(Scheme VIII). 

D. Intramolecular Cycloadditions. 1. Lewis Acid 
Catalyzed vs Thermal Conditions. Nitroalkenes 15 and 
18 were both subjected to intramolecular cycloaddition 
using SnCl, (2 equiv) in toluene at -78 OC. The reactions 
were quenched with 0.6 N NaOH in MeOH after 1 h when 
judged complete by TLC analysis. Purification by column 
chromatography afforded a single isomer in both cases in 

(17) Tamelen, E. E. van; Dewey, R. S.; Tmmone, R. J. J. Am. Chem. 
Sac. 1961,83,3725. 

Q CH3COzH 

OCH3 

Q 
OC H3 

anli-32 28 

Table V. Structural Data for Cycloadducts of 
Cyclic Dienes 

R' 

8 'H NMR (ppm) 
nitronata R' n HsC(1) HC(3) HC(5) J3,4 

~ y n - 3 2  4-CH30CeH4 5 1.93 4.03 5.51 6.9 
a d 3 2  4-CH3OCeHd 5 1.87 3.52 5.56 8.2 
syn-31 4-CH3OCaHd 6 1.84 3.31 4.82 2.7 
anti-31 4-CH30CBH4 6 1.89 4.12 4.83 9.0 

Table VI. Results from Intramolecular Cycloadditions 

I 1 
nitro- yield, 
alkene R1 2 X condns product % 

15 CHSCHZ- H CH2 SnCl, 36 68 
18 CH3CH2- CHI& CH2 SnCl, 37 46 
20 CH3 H 0 mesitylene, 38 35 

heat 

68 and 46% yield, respectively. Examination of the cou- 
pling constant between HC(4a) and HC(1a) led to the 
conclusion that the ring fusion was syn. To ascertain any 
influence of the Lewis acid on the product stereochemistry, 
nitroalkene 20 was cyclized thermally at 210 OC in mesi- 
tylene for 30 min with CaCO, added as an acid scavenger. 
Purification by column chromatography afforded 35% of 
only a single compound, again assigned as syn on the basis 
of a small coupling constant. 

Contrariwise, cyclization of nitroalkene 23 with 2 equiv 
of SnC1, in CH2C12 at -78 "C afforded a 67% yield of 
nitronate 39 after chromatography. Inspection of the 'H 
NMR spectrum revealed a 79:21 mixture of anti- and 
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Table VII. Structural Data for Intramolecular Cycloadducts 

I z i 39 

36,37 38 

6 'H NMR (ppm), J (Hz) 
compd R' X Z HC(7b or 3a) Jlb,la H(9b) JBb.3a 

36 CHSCH2- CH2 H 3.91 5.8 
37 CHSCHZ- CH* CHSO 
38 CH, 0 H 
anti-39 
syn-39 

3.85 5.8 
3.85 5.3 

2.99 11.6 
3.28 6.2 

Scheme IX 

Me 

23 tran439 
trans:cis 

79:21 

syn-fused nitronates (Scheme IX). Interestingly, no 
products of 1,a-hydrogen migration to form &membered 
nitronates were observed. Such a rearrangement would 
have proceeded through the intermediacy of a tertiary 
benzylic carbonium ion. 

2. Structure Assignment. Nitronates 36,37, and 38 
all afforded syn ring fusion adducts as judged by the 3J7b,la 
coupling of 5.3-6.8 Hz. Tietze reports a similar range for 
his substrates (5-6 Hz). In the case of nitronate 38, the 
Jsasa coupling was obtained by irradiation of HbC(9) which 
was W-coupled to HC(3a). 

Nitronate 39 was isolated as an inseparable mixture of 
trans and cis ring fused isomers (7921). The coupling 
constants of 11.6 and 6.2 are consistent with the trans- and 
cis-fused structures, respectively (Tietze reports trans 
couplings of 10.611.2 Hz).ld 

Discussion 
A. Mechanism. The discussion of mechanism must 

begin with the role of the Lewis acid and its probable 
location in the transition structure. Cramer18 first inves- 
tigated this queation using variabletemperature NMR. He 
found the complexation of SnC4 with l-nitrocyclohexene 
is 1:1, but that this complex is still dynamic even at -120 
OC. Seebach and Dunitzlg studied silyl esters of nitronic 
acids and concluded by VT-NMR that the silicon moves 
rapidly between the two oxygen atoms. An X-ray analysis 
also showed that the silicon was within van der Waals 
radius with the oxygen to which it wae not attached. X-ray 
studies of nitromethane and TiCl, show formation of 1:l 
adducts with only one oxygen atom of the nitro group 
bound to titanium.2o Finally, a recent report by StraUss2l 

(18) Cramer, C. J., Ph.D. Thesis, Univeraity of Illinoh, Urbana, 1988. 
(19) Colvin, E. W.; Beck, A. K.; Bmtani, B.; Seebach, D.; Kai, Y.; 

(20) Bow, M.; Jeannin, Y.; hhiccioli-Deltcheff, C.; Thouvenot, R. 
Dunitz, J. D. Helu. Chim. Acta 1980,63, 697. 

J.  Coord. Chem. 1978, 7,219. 

Scheme X 
CI 

I i 
anti nitronate i z  

ex0 

1 t 
L 

ii 
endo syn nitronate 

provides the first crystallographic evidence that nitro- 
benzene can act as both a mono- and bidentate ligand with 
Zn(II). Although a definitive answer regarding Lewis acid 
complexation with nitro compounds is still to be firmly 
established, we prefer to picture the SnC14 at least loosely 
associated with the second oxygen in an unsymmetrical 
fashion (Scheme X). 

The very high exo selectivity of these reactions must 
arise from the ability of the nitroalkene-tin complex to 
discriminate between the two possible approaches of the 
dienophile shown in Scheme X. Two nonbonded inter- 
actions exist in ii that are not present in i, namely, (1) R 
with the dienophile and (2) SnC14 with the dienophile. 

B. Kinetics. This reaction can be characterized as an 
inverse electron demand cycloaddition, thus focusing at- 
tention on the LUMO of the diene and the HOMO of the 
dienophile. As such, there should be a pronounced ac- 
celeration of rate, as in the inverse electron demand 
Diels-Alder reaction. with the use of Lewis acids.= This 

(21) Hurlburt, P. K.; Kellett, P. J.; Anderson, 0. P.; Straw, S. H. J .  
Chem. SOC., Chem. Commun. 1990, 576. 
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effect arises from the lowering of the LUMO which occurs 
upon complexation of the nitroalkene with the Lewis acid, 
thereby decreasing the HOMO-LUMO energy gap. 

In planning the Hammett study, we recognized that 
electron-donating substituents should facilitate Lewis acid 
complexation but retard the actual cycloaddition event. 
In fact, we found that p-methoxy-substituted nitroalkene 
10 reacted six times faster than parent nitroalkene 9 which 
in turn reacted 77 times faster than p-trifluoromethyl 
derivative 11. The 4-nitrophenyl nitroalkene was so slow 
as to be eliminated from the competition experiments. 

The orbital coefficients for the complex with tin tetra- 
chloride wil l  be different depending upon the nature of the 
4-substituent. Examination of the complexes themselves 
might lead one to predict that an electron-withdrawing 
group should react faster based on frontier molecular or- 
bital theory. However, the results imply that even though 
complexation occurs to differing extents depending upon 
the 4-substituent, the overall lowering of the LUMO that 
does occur upon complexations outweighs the electronic 
deceleration of a 4-methoxy group in the cycloaddition 
event. Analogous results have been obtained by Desmoni22 
and co-workers in the Diels-Alder reaction using elec- 
tron-deficient dienes. 

C. Stereochemistry. The exclusive formation of anti 
cycloadducts with nitrostyrenes and cycloalkenes can be 
adequately explained by transition structures i and ii in 
Scheme X. An increase in the severity of nonbonded in- 
teractions with aromatic nitroalkenes derives in part from 
the fewer degrees of freedom present in the nitroalkene 
as compared to the completely aliphatic version. More- 
over, the cycloadditions with the aromatic substrates could 
be conducted at  lower temperatures, thus accentuating 
differences in AAG *. 

Similar arguments hold for the intramolecular cycliza- 
tion of nitroalkene 23. Again, possible exo- and endo- 
folding transition states iii and iv clearly show a bad in- 
teraction between the phenyl group and the methyl of the 
nitroalkene in iv. 

- trans Me?lb 3. 

iii 

-o,Me 0 Me +yy 
d y H  - cis 

iv 

The factors effecting exo and endo selectivity in the 
transition structures for 15, 18, and 20 clearly must be 
stronger as only one isomer, that arising from endo folding, 
is produced. The exact position of an sp2 carbon in the 
connecting tether is crucial in determining the stereo- 
chemical outcome of the cycloaddition. If the sp2 carbon 
is not conjugated with the heterodiene, as in 23, the normal 
product of exo folding in the transition state is observed. 
However, movement of that sp2 carbon into conjugation 
with the heterodiene conformationally immobilizes the 
system enough that the exo-folded structures vi and vii 
experience nonbonded interactions and torsional strain, 

(22) Desimoni, G.; Gamba, A.; Monticelli, M.; Nicola, M.; Tacconi, G. 
J. Am. Chem. SOC. 1976,98, 2947. 

such that reaction via v now becomes the lower energy 
pathway. An endo-folded structure that maintains con- 
jugation of the phenyl ring with the nitroolefin is geome- 
trically impossible. 

Endo folding: 

v 
V 

phenyl conjugated phenyl nonconjugated 

vi vii 

The preference for syn-fused cycloadducts when nitro- 
styrenes react with cyclic dienes can be understood by 
considering secondary orbital interactions. A representa- 
tion of the frontier molecular orbital diagram shows a 
possible secondary orbital overlap in endo-positioned 
structure viii, not available in structure ix. The added 
energy stabilization this overlap provides in the transition 
structure allows a switch in the syn-anti selectivity to 
manifest itself. 

HOMO 

H H 

endo viii 

Ar 

exo ix  

I). Periselectivity. Nitrostyrene is known to react 
thermally with cyclohexadiene,16b cyclopentadiene,lkVd 
butadiene,16e and 2,3-dimeth~lbutadiene,~~J~~ to afford 
adducts where the nitrostyrene participates as the dieno- 
phile. Our observations show that nitrostyrenes can react 
with the opposite periselectivity. In the thermal cyclo- 
additions, the HOMO(diene)-LUMO(~Mene) is the smallest 
energy gap to be considered. Consideration of the frontier 
orbital diagram shows that complexation of the nitroalkene 
by a Lewis acid serves only to enhance this overlap, leading 
to the same product, and thus cannot adequately explain 
the opposite periselectivity observed. The generally good 
yields obtained with cyclic dienes, and more importantly, 
the failure to observe any of 35, must be a direct conse- 
quence of the Lewis acid employed. 

In an uncomplexed nitroalkene, the charge on oxygen 
is evenly dispersed within the 0-N-0 bonding array.23 As 
a result, the nitroalkene cannot electronically participate 
as a diene in the cycloaddition event. However, the situ- 
ation changes upon the addition of a Lewis acid. Coor- 

(23) For example, the two N-0 bond lengths in p-nitrophenol are 
2.232 and 1.236 A; see: Sorriso, S. Structural Chemistry. In The Chem- 
istry of Functional Groups, Supplement F The Chemistry of Amino, 
Nitroso and Nitro Compounds and their Derivatives; Patai, S., Ed.; 
Wiley: New York, 1982; Part 1, pp 32-40. 
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dination of the  le^ acid with one of the oxygen atoms 70 or 10 eV. Data are reported in the form m/x (intensity relative 
of &e group, as evidenced in the RN02.TiC1, crystal to base = 100). Elemental combustion analyses were performed 
-,a0 to doublebond me by the University of &oh Microanalytical Service Laboratory. 

General Procedure for the Synthesis of Nitro Alcohols. 
we are uncertain *bout the ground-etate structure Of the An oven-dried, round-bottomed flask was charged with the al- SnC14 complexes involved herein (see Discussion above) dehyde, t-BuOH, and THF. After the mixture was 

is best described 88 an for the indicated time. The mixture was then diluted with EkO 
N-a&oxylvinyhitrosonium cation and C@I now function and water. organic layer was w d e d  with mtwated aqueow 
as a heterodiene.u NaHC03 and brine. The aqueous layers were back-extracted with 

EhO, dried with MgSO,, filtered, and concentrated in vacuo to 

we s w w t  that the reactive form resembles cooled to 0 OC, the t-BuOK was added and the mixture stirred 
m-tion. This 

Conclusions afford oils. 
The cycloaddition of nitroalkenes with dienophiles 

generally proceeds with a high degree of diastereoselec- 
tivity and alwaye preserves dienophile geometry. Inter- 
molecular cyclizations of nitrostyrenes afford exclusively 
an t i - fud  cycloadducta with alkenes. A reversal of se- 
ledivity occura with dienes, due to secondary orbital in- 
teractions, to provide syn-fused cycloadducts. Noteworthy 
is the effect that a Lewis acid has on the periselectivity 
of the reaction with dienes. 

htrmolecuiar cycloadditions are noticeably influenced 
by the hybridization of the atoms in the connecting tether. 
An a$ carbon that ie not conjugated with the heterodiene 
allowa the reaction to proceed through the anti manifold, 
whereas a conjugated sp2 carbon can exert enough steric 
and torsional leverage in the transition state to reverse the 
selectivity. 

Experimental Section 
General. Melting points (mp) were determined on a capillary 

melting point apparatus and are corrected. Boiling points (bp) 
for bulb to bulb distillations refer to air-bath temperatures and 
am uncorrected. Analytical TLC was performed on silica gel plates 
with QF-254 indicator. Visualization was accomplished with W 
light, paaiealdehyde/sulfuric acid, iodine, phosphomolybdic acid, 
KMn04, and/or vanillin. Solvente for extraction and chroma- 
tography were technical grade and distilled from the indicated 
drying agents: hexane, pentane, dichloromethane (CaCl,); ether 
(CaS04/FeS0,); ethyl acetate (K2COJ. Solvents for recrystal- 
lization were spectral grade. Column (flash) chromatography was 
performed wing 32-63-pm Woelm silica gel. Analytical gas 
chromatography was performed using the following columns: (A) 
3% Silicone OV-17 on 60-80 Chromoeorb Q (6 ft by in.), (B) 
5% OV-17 capillary (50 m), (C) 5% Carbowax 20M on 60-80 
Chromoeorb G (6 Et by '/e in.). Analytical high-pressure liquid 
chromatography (HPLC) was performed using a Supelco LC-Si 
5" column; the detector wavelength = 254 nm, the flow rate = 
1 mL/min unless otherwise indicated, and the solvent systems 
were as denoted. Solvent system 1 was a gradient solvent system 
reported as (time, flow rate (mL/min), % EtOAc/hexane): (0, 
0.8,10/90), (9,0.8,11/89), (11,1.0,30/70), (15,1.5,60/40). Solvent 
system 2 was a gradient solvent system reported as (time, flow 
rate, 96 tert-butyl methyl ether/EtOAc/hexane): (0, 0.5,0.5/ 
0/99.5), (11,0.6,0/1/99), (13,1.0,0/10/90), (15,1.5,0/50/50), 
(17,1.5,0/70/30). sec-, and n-Butyllithium were titrated according 
to the method of Gilman." All reactions were performed in oven 
(la0 OC) and/or flamedried glassware under an inert atmosphere 
of dry N2, except those which contained water, which were per- 
formed in air. Infrared spectra (IR) were obtained in carbon 
tetrachloride solution. Peaks are reported in cm-' with the fol- 
lowing relative intensities: 8 (strong, 67-100%), m (medium, 
W%), w (weak, 0-33%). 'H NMR and '9c NMR spectra were 
recorded in deuteruchloroform with chloroform as an internal 
standard (d = 7.26 for 'H) unlesa otherwise stated. Chemical shifts 
are given in ppm (d); multiplicities are indicated by s (singlet), 
d Idoublet), t (triplet), q (quartet), m (multiplet), br (broadened), 
and exch (D@ exchangeable). Coupling constants, J, are r e p o d  
in Hz. Mass spectra were obtained with ionization voltages of 

(24) Denmark, 5. E.; Cramer, C. J.; Dappen, M. S. J.  Org. Chem. 1987, 

(25) Gilman, H.; Schulze, F. J. Am. Chem. SOC. 1926,47,2002. 
52, 877. 

l-Cyclohexyl-2-nitro-l-propanol(1). Cyclohexanecarbox- 
aldehyde (0.46 g, 0.50 mL, 4.1 mmol), nitroethane (0.78 g, 0.75 
mL, 7.4 "01, 1.8 equiv), t-BuOH/THF (3.0 mL each), and 
t-BuOK (42 mg, 0.23 mmol, 0.060 equiv) were stirred for 4 h to 
afford 724.5 mg (94%) of 1 as a 55:45 mixture of isomers after 
purification by column chromatography (silica gel; hexane, 200 
mL; herane/EtOAc (1011, 150 mL, hexane/EtOAc (511,150 mL, 
hexane/EtOAc (1&3), 150 mL): 'H NMR (300 MHz) mejor isomer 
4.64 (qd, J = 6.7, 3.1, 1 H, HC(2)), 3.94 (dd, J = 8.3, 3.1, 1 H, 
HC(l)), 2.16 (br s, 1 H, HC(1)), 1.76-1.65 (m, 4 H, H C(5), 
H&6), H$(8), I&f(9)), 1.53 (d, J = 6.7,3 H, H3C(3)), 1 . h . 9 4  
(m, 7 H, H %C(5 , H,C(6), HzC(71, H,C(8), H,C(9)); minor 
isomer 4.71 (quintet, J = 6.8,l H, HC(2)), 3.64 (dd, J = 7.0,4.7, 
1 H, HC(l)), 2.07 (br 8, 1 H, HC(l)), 1.76-1.65 (m, 4 H, H,C(5), 

(m, 7 H, H H C 51, H,C(6), HzCU), H,C(8), H,C(9)); 13C 
NMR (75.5 M H z )  major isomer 85.6 (C(2)), 76.7 (C(l)), 39.4 (C(4)), 
28.7 (C(5), C(9)), 25.6 ((361, C(8)), 25.4 (C(7)), 16.1 (C(3)); minor 
isomer 84.1 (C(2)), 76.3 (C(l)), 40.1 (C(4)), 29.7 (C(5), C(9)), 26.0 
(C(6), C(8)), 25.9 (C(7)),11.4 (C(3)); IR CCCW 3619 (free OH) m, 
3551 (br, OH) m, 1555 (NO,) 8, 1360 (NO21 s; TLC R, 0.34 
(hexane/ EtOAc (103)). 
2-Nitro-l-phenyl-l-propanol(3). Benzaldehyde (2.09 g, 2.00 

mL, 19.7 mmol), nitroethane (2.96 g, 2.83 mL, 39.4 mmol, 2.00 
equiv), t-BuOH/THF (5 mL each), and t-BuOK.t-BuOH (1:l 
complex, 184 mg, 0.990 mmol, 0.05 equiv) were stirred for 16 h 
to afford 3.57 g (100%) of a colorless oil. Purification by flash 
column chromatography (silica gel; hexane, 200 mL; hexane/ 
EtOAc (101) 200 mL, hexane/EtOAc (5:1), 200 mL; hexane/ 
EtOAc (10:3), 100 mL; hexane/EtOAc (5:2), 100 mL) afforded 
3.18 g (89%) of 3: 'H NMR (300 MHz) 7.38 (m, 5 H, HC(5), 
HC(6), HC(7), HC(8), HC(9)), 5.02 (dd, J = 9.0,3.9,1 H, HW)),  
4.77 (dt, J = 9.0, 6.9,l H, HC(2)), 2.63 (d, J = 3.9,l H, HC(l)), 
1.31 (d, J = 6.9,3 H, H3C(3)); '9c NMR (75.5 MHz) major isomer 
138.3 (C(4)), 128.8 (C(6), C(8)), 128.6 (c(5), C(9)), 125.9 (C(7)), 
88.3 (C(2)), 76.1 (C(l)), 16.3 ((33)); minor isomer 138.5 (C(4)), 
129.0 (C(6), C(8)), 128.3 (C(5), C(9)), 126.9 (C(7)), 87.3 (C(2)), 73.9 
(C(l)), 12.0 (C(3)); Et CCCw 3619 (free OH) m, 3551 (OH) m, 1555 
(NO,) 8, 1360 (NOz) s; TLC R, 0.23 (hexane/EtOAc (103)). 
2-Nitro-l-(4-methoxyphenyl)-l-propa~ol(4). A mixture of 

pmethoxybenzaldehyde (2.72 g, 2.43 mL, 20.0 mmol), nitroethane 
(3.00 g, 2.87 mL, 40.0 mmol, 2.00 equiv), t-BuOK (catalytic 
amount), and t-BuOHITHF (2 mL each) was allowed to warm 
to room temperature, which afforded 3.48 g (82%) of 4 as a 
mixture of diastereomers: 'H NMR (200 MHz) 7.28 (d, J = 8.6, 
2 H, HC(5), HC(9)), 6.92 (m, 2 H, HC(6), HC(8)), 5.29 (m, 0.5 H, 
HC(2)), 4.91 (m, 0.5 H, HC(2)), 4.74 (m, 1 H, HC(3)), 3.88 (5, 3 
H, HC(10)), 3.04 (8,  1 H, OH), 1.48 (d, 1.5 H, HC(l)), 1.26 (d, J 
= 3.4,1.5 H, HC(1)); IR (CCl,) 5450 (OH) w, 2840 (WHd m, 1555 
(NO2) s, 1360 (NO2) m; TLC Rf 0.23 (hexane/EtOAc (41)). 

2-Nitro- 1-[ 4-( trifluoromethy1)phenylJ- l-propanol(5). A 
mixture of a,a,a-trifluoro-p-tolualdehyde (1.75 g, 1.37 mL, 10.0 
mmol), nitroethane (1.50 g, 1.44 mL, 20.0 mmol, 2.00 equiv), 
t-BuOK (catalytic amount), and t-BuOHITHF (2 mL each) was 
allowed to warm to room temperature to afford 5 (2.37 g, 95%) 
as a mixture of diastereomers: 'H NMR (200 MHz) 7.67 (d, 2 
H, HC(6), HC(8)), 7.53 (d, 2 H, HC(5), HC(9)), 5.49 (e, 0.5 H, 
HC(2)), 5.12 (m, 0.5 H, HC(2)), 4.70 (m, 1 H, HC(3)), 2.86 (d, 0.5 
H, OH), 2.73 (d, 0.5 H, OH), 1.46 (d, J = 7.0, 1.5 H, HC(1)), 1.31 
(d, J = 6.7, 1.5 H, HC(1)); IR (CCl,) 3619 (OH) m, 1555 (NO2) 
8,1362 (NO,) m; TLC R, 0.33 (hexane/EtOAc (41)). 
2-Nitro-l-(4-nitrophenyl)-l-propanol (6). A mixture of 

p-nitrobenzaldehyde (2.27 g, 15.0 mmol), nitroethane (2.25 g, 2.15 
mL, 30.0 mmol, 2.00 equiv), t-BuOK (catalytic amount), and 

%C(6), H$C(8);Hf(9)), 1.53 (d, J = 6.7,3 €3, H3C(3)), 1.48-0.94 
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green-yellow crystals (0.69 g, 93%). Purification by column 
Chromatography afforded 0.65 g (88%) of 9- as yellow crystale 
which were recrystallized: mp 60-62 OC (hexane/EtOAc); 'H 
NMR (300 MHz) 8.10 (e, 1 H, HC(3)), 7.44 (s,5 H, aromatic H), 
2.46 (s,3 H, H3C(l)); IR (CClJ 1665 (W) m, 1526 (NO3 8,1325 

min (solvent system l), 9.28 (solvent system 2); TLC R, 0.41 
(hexane/EtOAC (41)). Anal. Calcd for C&&02 (163.17): C, 
66.25; H, 5.56; N, 8.58. Found: C, 66.38; H, 5.43; N, 8.49. 
l-Methyl-l-nitro-(4methoxyphenyl)ethene (10). A mixture 

of nitro alcohol 4 (0.54 g, 2.5 "011, EbO (2 mL), acetic anhydride 
(0.29 g, 0.26 mL, 2.8 mmol, 1.1 equiv), and DMAP (10 mg) was 
stirred for 5 h to afford a blue-green oil (0.47 g, 73%) containing 
both nitro acetate and nitroalkene. Purification on a chromatot" 
plate afforded 0.22 g (34%) of diastereomer 1 and 0.10 g (16%) 
of diastereomer 2: 'H NMR (200 MHz) diastereomer 1 7.30 (d, 
2 H, HC(5), HC(9)), 6.92 (d, 2 H, HC(6), HC(8)), 6.01 (d, 1 H, 
HC(3)), 4.92 (m, 1 H, HC(2)), 3.81 (8, 3 H, H,C(E)), 2.00 (s, 3 
H, H,C(lO)), 1.34 (d, 3 H, H3C(l)); diastereomer 2 7.23 (d, 2 H, 
HC(5),HC(9)),6.87 (d, 2 H,HC(6),HC(8)),6.22 (d, 1 H,HC(3)), 
4.80 (m, 1 H, HC(2)), 3.78 (s,3 H, H3C(12)), 2.11 (s,3 H, H,C(lO)), 
1.56 (d, 3 H, H3C(l)). 

A mixture of the crude nitro acetates (0.37 g, 1.5 mmol), DMAP 
(0.21 g, 1.7 mmol, 1.2 equiv), and CHzC12 (2 mL) was stirred for 
30 min to afford 0.25 g (88%) of 10 as yellow crystale: mp 43-45 
"C (hexane/EtOAc); 'H NMR (300 MHz) 8.08 (8,  1 H, HC(3)), 
7.43 ( d , J =  8.8, 2 H,HC(6),HC(8)),6.98 ( d , J =  8.7,2 H,HC(5), 
HC(9)), 3.87 (8,  3 H, H3C(10)), 2.48 (8, 3 H, H3C(l)); 13C NMR 
(75.5 MHz) 161.07 (C(7)), 145.63 (C(2)), 133.62 (C(3)), 132.09 (C(6 
and 8)), 124.66 (C(4)), 114.44 (C(5 and 9)), 55.41 (C(lO)), 14.11 
(C(1)); UV A, = 346 nm (3728.3) in CHzC12; HPLC t~ = 7.36 
min (solvent system 1); TLC R10.33 (hexane/EtOAc (41)). Anal. 
Calcd for Cl&llNO3 (193.20): C, 62.17; H, 5.74; N, 7.25. Found 
C, 62.24; H, 5.77; N, 7.19. 
l-Methyl-l-nitro-2-[4(trifluoro~thyl)phenyl~hene (1 1). 

A mixture of nitro alcohol 5 (0.45 g, 1.8 mmol), QO (2 mL), acetic 
anhydride (0.20 g, 0.19 mL, 2.0 mmo1,l.l equiv), and DMAP (10 
mg) was stirred for 2 h to afford a mixture of diastereomers (0.50 
g, 95%): 'H NMR (200 MHz) 7.67 (m, 2 H, HC(6), HC(8)), 7.49 
(m, 2 H, HC(5), HC(9)), 6.36 (d, J = 5.5,0.4 H, HC(3)), 6.09 (d, 
J = 9.9, 0.6 H, HC(3)), 4.92 (m, 1 H, HC(2)), 2.17 (8,  1.2 H, 
HC(12)), 2.05 (8, 1.8 H, HC(12)), 1.58 (d, J = 6.5,1.2 H, HC(l)), 
2.74 (d, J = 7.0,1.8 H, HC(1)); IR (CClJ 1763 (M) 8,1561 (NO& 
s, 1325 (NOz) 8, 1219 (COC stretch) 8. 

A mixture of the crude nitro acetates (0.50 g, 1.7 mmol), DMAP 
(0.25 g, 2.1 mmol, 1.2 equiv), and CHzCl2 (2.5 mL) was stirred 
for 2.5 h to afford greenish crystals (0.34 g, 86%). Purification 
on the chromatotron afforded 11 as yellow crystals (0.33 g, 82%) 
which were recrystallized mp 36-38.5 'C (hexane/EtOAc); 'H 
NMR (200 MHz)8.08 (s,lH,HC(3)), 7.72 (d,J = 8.3,2 H,HC(6), 

13C NMR (75.5 MHz) 149.40 (C(2)), 136.04 (C(3)), 131.74 (are 
matica), 131.29,130.02,125.88 (aromatics), 123.70 (C(lO), J = 272.4 
Hz), 13.99 (C(1)); HPLC t R  = 10.3 (solvent system 2); TLC RI 
0.32 (hexane/EtOAc (41)). Anal. Calcd for Cl,,H$802 (231.18): 
C, 51.96, H, 3.49; F, 24.65; N, 6.06. Found: C, 51.90; H, 3.42; F, 
24.74; N, 6.07. 
l-Methyl-l-nitro-2-(4-nitrophenyl)ethene (12). A mixture 

of nitro alcohol 6 (2.62 g, 11.6 mmol), EbO (8 mL), acetic an- 
hydride (1.30 g, 1.20 mL, 12.8 mm01,l.l equiv), and DMAP (20 
mg) was stirred for 3 h to afford light-blue crystals (M%) as a 
mixture of diastereomers after purification by column chroma- 
tngraphy. Data: 'H NMR (200 MHz) 8.27 (m, 2 H, HC(6), HC(8)), 
7.55 (m, 2 H, HC(5), HC(9)), 6.36 (d, J=  5.5,0.5 H, HC(3)), 6.13 
(d, J = 9.5, 0.5 H, HC(3)), 4.93 (m, 1 H, HC(2)), 2.18 (8, 1.5 H, 
HC(12)), 2.06 (8, 1.5 H, HC(12)), 1.59 (d, J =  6.6, 1.5 H, HC(l)), 
1.38 (d, J = 7.1, 1.5 H, HC(1)); IR (CC14) 1765 (C-0) m, 1561 
(aliphatic NOz) s, 1456 (aromatic NOz) w. 

DMAP (0.24 g, 2.0 mmol, 1.2 equiv) was added to the crude 
nitro acetate (0.44 g, 1.6 mmol) in CHzClz (2 mL) and allowed 

(NOJ S; W & = 230 nm (14359.8) in CH2CIz; HPLC t R  5.31 

HC(8)), 7.53 (d, J = 7.9,2 H, HC(5), HC(9)), 2.44 (s,3 H, HSC(1)); 

t-BuOHITHF (4 mL each) was allowed to warm to room tem- 
perature to afford 2.65 g (78%) of 6 as a mixture of diastereomers: 
lH NMR (200 MHz) 8.29 ( d , J  = 2.3, 2 H, HC(6), HC(8)), 8.24 
(d, J = 2.3, 2 H, HC(5), HC(9)), 5.57 (t, J = 3.5,0.7 H, HC(2)), 
5.20 (m, 0.3 H, HC(2)), 4.74 (m, 1 H, HC(3)), 3.06 (d, J = 4.4,0.7 
H, OH), 3.00 (d, J = 4.3,0.3 H, OH), 1.50 (d, J = 6.5,2.2 H, HC(l)), 
1.39 (d, J = 7.1,0.8 H, HC(1)); IR (CClJ 3604 (OH) m, 1609 (NOJ 

General Procedure for the Preparation of Nitroalkenes. 
The crude nitro alcohols were taken up in EhO and treated with 
acetic anhydride and DMAP (catalytic). After being stirred for 
the specified time, the mixture was concentrated and the crude 
nitroacetates were taken up in CHZClz and treated with stoi- 
chiometric amounts of DMAP. The mixture was diluted with 
CH2Clz and washed with water, 0.1 N HC1, and brine. The 
aqueous layers were back-extracted with CH2Clz (Bx), and the 
combined organic layers were dried (MgS04), filtered, and con- 
centrated in vacuo. Liquid nitroalkenes were purified by dis- 
tillation, and solids were recryatallid from the solventa indicated. 
l-Cyclohexyl-2-nitropropfine (7). A mixture of nitro alcohol 

1 (598 mg, 3.19 mmol), DMAP (5.00 mg, 0.05 equiv), &O (4 mL), 
and acetic anhydride (0.370 g, 340 lL, 3.60 mmol,1.13 equiv) was 
stirred for 3 h and then concentrated. The crude nitro acetate 
(715 mg, 3.11 mmol), CH2C12 (4 mL), and DMAP (520 mg, 4.26 
mmol, 1.37 equiv) were stirred for 3 h to afford a yellow oil. 
Purification by column chromatography (silica gel; hexane, 200 
mL; hexane/EtOAc (201), 200 mL) gave 441 mg (84%) of 7 as 
a pale yellow oil. An analytical sample was obtained by bulb to 
bulb distillation: bp 45 "C (0.03 Torr); 'H NMR (300 MHz) 6.95 
(d, J = 10.3, 1 H, HC(l)), 2.28-2.20 (m, 1 H, HC(4)), 2.16 (8,  3 
H, H3C(3)), 1.80-1.66 (m, 5 H, C(6), H&(7), H.&(8), 
H,C(9)), 1.34-1.15 (m, 5 H, Hyg!H%(6), H,C(7), H,C(8), 
H,C(9)); 13C NMR (75.5 MHz) 146.1 (C(2)), 140.6 (C(l)), 37.4 
(C(4)), 31.6 (C(51, C(9)), 25.4 (C(7)), 25.1 (C(61, C(8)), 12.4 (C(3)); 

(hexane/EtOAc (103)). Anal. Calcd for CgI15N02 (169.23): C, 
63.88; H, 8.94; N, 8.28. Found: C, 63.72; H, 8.86; N, 8.40. 
(E)-l-Nitro-2-phenylethene (8). A mixture of benzaldehyde 

(2.09 g, 2.00 mL, 19.7 m o l ) ,  nitromethane (3.60 g, 3.20 mL, 59.0 

mg, 0.990 mmol,O.O5 equiv) was stirred for 16 h at 10 "C to afford 
a colorless oil. Purification by column chromatography (silica 
gel; hexane, 200 mL; hexane/EtOAc (1011, 200 mL; hesane/ 
EtOAc (5:1), 200 mL; hexane/EtOAc (103) 100 mL; hexane/ 
EtOAc (5:2), 100 mL) afforded 2.82 g (89%) of nitro alcohol 2. 
A mixture of crude nitro alcohol 2 (2.82 g, 16.9 mmol), DMAP 
(16.9 mg, 0.130 "01, 0.01 equiv), acetic anhydride (1.89 g, 1.75 
mL, 18.6 mmo1,l.lO equiv), and EhO (17 mL) was stirred for 4 
h and then concentrated. The crude nitro acetate (16.9 mmol) 
in CHzClz (33 mL, 0.5 M) was treated with triethylamine (1.72 
g, 2.40 mL, 17.0 mmol) in CH2C12 (5 mL). After 6 h the mixture 
was diluted with CH2Clz (40 mL) and washed with water (30 mL), 
saturated aqueous NaHC0, (30 mL), and brine (30 mL). The 
aqueous layers were back-extracted with CHzClz (2X). The 
combined organic layers were dried and concentrated to afford 
a yellow oil. Purification by column chromatography (silica gel; 
hexane, 200 mL; hexane/EtOAc (201), 200 mL; hexane/EtOAc 
(201),200 mL) gave 2.12 mg (84%) of 8 as pale-yellow crystals: 
mp 62.5-63.5 "C (hexane); 'H NMR (300 MHz) 8.01 (d, J = 13.6, 
1 H, HC(l)), 7.59 (d, J = 13.9, 1 H, HC(l)), 7.55 (d, J = 8.7, 2 
H, HC(4),HC(8)),7.48 (dd,J= 8.7, 8.2,2 H, HC(5),HC(7)), 7.43 
(t, J = 8.2,l H, HC(6)); 'Q NMR (75.5 MHz) 138.5 (C(2)), 136.5 
(C(l)), 131.7 (C(6)), 129.6 (C(3)), 128.84 (C(5), C(7)), 128.77 (C(4), 
C(8)); TLC R, 0.67 (hexane/EtOAc (103)). 
l-Methyl-l-nitro-2-phenylethene (9). A mixture of nitro 

alcohol 3 (1.06 g, 10.0 mmol), EhO (2 mL), acetic anhydride (1.12 
g, 1.04 mL, 11.0 m o l ,  1.10 equiv), and DMAP (10 mg) was stirred 
for 1 h at which time another 10 mg of DMAP was added. After 
30 min, workup afforded a mixture of diastereomers as a blue- 
green oil (1.30 g, 58%). Data. 'H NMR (300 MHz) 7.38 (s,5 H, 
aromatic HI, 6.34 (d, J = 3.0, 0.43 H, HC(3)), 6.05 (d, J = 9.0, 
0.57 H, HC(3)), 4.93 (m, 0.57 H, HC(2)), 4.81 (m, 0.43 H, HC(2)), 
2.22 (8, 1.2 H, HC(12)), 2.02 (8, 1.8 H, HC(12)), 1.56 (d, J = 6.0, 
1.26 H, HC(l)), 1.34 (d, J = 6.0, 1.74 H, HC(1)). 

The crude nitro acetates (1.0 g, 4.5 mmol), DMAP (0.66 g, 5.4 
mmol, 1.2 equiv), and CH2ClZ were stirred for 3 h to afford 

5,1393 (NO2) S. 

IR (CClJ 1674 (W) W, 1524 (NOJ S, 1330 (NOJ 8; TLC R, 0.65 

mm01,3.00 qui$, t-BuOH/THF (10 mL each), and t-BuOK (111 

(26) (a) Bhattacharjya, A.; Mukhopadhyay, R.; Pakraahi, S. C. Syn- 
thesis 1985, 886. (b) Kochany, J.; Piotrowska, H. Bull. Acad. Pol. Sc. 
1976,24,929. (c) Boberg, F.; Garburg, K.-H.; Gorlich, K.J.; Pipereit, E.; 
Ruhr, M. Liebigs Ann. Chem. 1985,239. (d) Mourad, M. S.; Varma, R. 
S.; Kabdka, G. W. J. Org. Chem. 1985,50, 133. 
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to stir for 45 min to afford 0.27 g (77%) of 1226fd as yellow-brown 
crystale: mp 103.5-105 OC (hexane/EtOAc); 'H NMR (200 MHz)  
8.33 (m, 1 H, HC(6), HC(8)), 8.10 (8, 1 H, HC(3)), 7.59 (d, 2 H, 
HC(5), HC(9)), 2.46 (s,3 H, H3C(l)); IR (CC14) 1532 (NO2) s; TLC 
Rf 0.31 (hexane/EtOAc (41)). 
General Procedure for the Trimethylethylenediamine 

(TriMEDA)-Assisted Alkylation. A three-necked flask was 
fitted with an addition funnel and he -d r i ed .  Tetrahydrofuran 
and TriMEDA were added to the flask and chilled to -20 "C, at 
which time n-BuLi was added dropwise. After 15 min, the al- 
dehyde was added, followed 15 min later by 3 equiv of n-BuLi. 
The reaction mixture turned dark orange and was allowed to stir 
at  -20 "C for 1.5 h. The mixture was chilled to -65 "C followed 
by dropwise addition of the alkyl halide. The solution turned 
colorless upon being warmed slowly to room temperature. The 
reaction was quenched by pouring it into cold, stirred 1 N HCl 
and extraction with EhO. The combined organic layers were 
washed with brine, dried (MgSO,), filtered, and concentrated in 
vacuo to afford oils. 
2-(4-Methyl-3-pentenyl)benzaldehyde (14). To a solution 

of THF (32 mL) and TriMEDA (1.31 g, 1.64 mL, 12.8 mm01,l.l 
equiv) was added n-BuLi (1.59 M, 7.60 mL, 12.0 "01) followed 
by 2-methylbenzaldehyde (1.44 g, 1.39 mL, 12.0 mmol). Three 
equiv of n-BuLi were added followed by the alkyl halide (10.7 
g, 72.0 mmol, 6.00 equiv). The resulting oil was purified by MPLC 
(hexane/EtOAc (1OO:l)) to afford 1.67 g (74%) of 14 as a colorless 
oil: bp 125 "C (0.3 Torr); 'H NMR (300 MHz) 10.25 (8, 1 H, 
HC(l)), 7.82 (dd, J = 6.5, 0.9, 1 H, HC(3)), 7.49 (ddd, J = 6.3, 
1.1, 1 H, HC(5)). 7.34 (t, J = 7.4, 1 H, HC(4)), 7.26 (d, J = 7.6, 
1 H, HC(6)), 5.17 (t, J = 7.3,l H, HC(10)), 3.04 (t, J = 7.7,2 H, 

1.44 (8, 3 H, H,C(lS)); 13C NMR (75.5 MHz) 191.8 (C(l)), 144.9 
(C(7)), 133.7 (C(5)), 133.6 (C(2)), 131.0 (C(3) or C(6)), 130.9 (C(3) 
or C(6)), 126.4 (C(4)), 122.7 (C(lO)), 32.3 (CH,), 30.5 (CH2), 25.6 
(C(13)), 17.4 (C(12)); TLC R, 0.62 (hexane/EtOAc (41)). 
4-Methoxy-2-( 4-met hyl-3-pentenyl)benzdehyde (1 7). To 

a solution of THF (3.5 mL) and TriMEDA (0.19 mL, 1.5 mmol, 
1.1 equiv) was added s-BuLi (1.1 mL, 1.3 M, 1.5 mmo1,l.l equiv) 
followed by dmethoxy-2-methylbenzaldehyde (0.20 g, 1.3 "01). 
Three equiv of s-BuLi was added followed by the bromide (1.2 
g, 8.0 mmol,6.0 equiv). The resulting yellow oil was purified by 
f h h  column chromatography (50 cm; hexane/EtOAc (lol), 
hexane/EtOAc (41)) followed by distillation to afford 0.16 g (54%) 
of 17 as a yellow oil: bp 140 "C (0.3 Torr); 'H NMR (300 MHz) 
10.10 (8, 1 H, HC(l)), 7.78 (d, J = 8.5, 1 H, HC(3)), 6.84 (dd, J 
= 8.6, 2.5, 1 H, HC(4)), 6.74 (d, J = 2.4, 1 H, HC(6)), 5.18 (t, 1 

H2C(8)), 2.29 (9, J = 7.5, 2 H, H,C(9)), 1.66 (8, 3 H, H&(13)), 

H, HC(10)), 3.85 (s,3 H, H&(14)), 3.02 (t, J = 7.7,2 H, H2C(8)), 
2.29 (q, J = 7.5, 2 H, H,C(9)), 1.67 (8,  3 H, H3C(12)), 1.49 (8, 3 
H, H3C(13)); 13C NMR (75.5 MHz) 190.30 (C(l)), 163.57 (C(5)), 
147.50 (C(7)), 133.93 (C(3)), 132.79 (c(ll)), 127.32 (c(2)), 122.86 

30.17 (CH,), 25.53 (C(13)), 17.42 (C(12)); IR (CCl,) 1694 (CHO) 
8,1601 s; TLC R 0.47 (hexane/EtOAc (41)). Anal. Calcd for 
C14Hl& (218.30j: C, 77.03; H, 8.31. Found: C, 77.06; H, 8.22. 
General Procedure for the Preparation of 16 and 18. A 

three-necked flask with addition funnel was flame-dried and 
charged with THF/HMPA (5:l) and nitropropane and cooled to 
-90 "C. The s-BuLi was added dropwise and stirred for 15 min 
while the temperature was maintained between -90 and -80 OC. 
The aldehyde was added to the yellow solution and allowed to 
warm slowly to -60 OC. The reaction was quenched with acetic 
anhydride (3 equiv) after 30 min, extracted with pentane, and 
washed with water, and the combined organic layers were dried 
(MgSO,), filtered, and concentrated in vacuo to afford yellow oils. 
(E)-2-(4-Methyl-3-pentenyl)-l-(Znitro-l-butenyl)benzene 

(15). Nitropropane (1.06 g, 1.06 mL, 11.9 "01) in THF/HMPA 
(70 mL) was treated with s-BuLi (18.7 mL, 1.27 M, 23.7 mmol, 
2 equiv) and aldehyde 14 (2.23 g, 11.9 mmol) to afford 3.65 g of 
a yellow oil. Pdicat ion by MPLC (hexane/EtOAc (1OO:l)) gave 
1.03 g (34%) of 15 as a bright yellow oil: bp 160 "C (0.35 Torr); 
'H NMR (300 MHz) 8.16 (8,  1 H, HC(4)), 7.27 (m, 4 H, H&(6), 
HzC(9)), 5.13 (m, 1 H, HC(13)), 2.72 (q, J = 7.4, 2 H, H&(2)), 

1.66 (s,3 H, H&(15)), 1.51 (s,3 H, H3C(16)), 1.20 (t, J = 7.4, 3 

132.87 (C(5)), 132.40 (C(4)), 131.34 (C(14)), 129.70 (C(6) or C(9)), 

(C(lO)), 116.01 (C(6)), 111.54 (C(4)), 55.25 (C(14)), 32.58 (CH,), 

2.64 (t, J = 7.8, 2 H, H&(11)), 2.21 (9, J 7.6, 2 H, H2C(12)), 

H, HSC(1)); 13C NMR (75.5 MHz) 153.82 (C(3)), 141.88 (C(lO)), 
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129.59 (C(6) or C(9)), 128.33 (C(13)), 126.16 (C(8)), 122.81 (c(7)), 

12.58 (C(1)); IR (CCl,) 1653 (C-C) m, 1524 (NO2 asym) 8,1377 
(NO2 sym) 8,1335 (NO, sym) s; TLC R, 0.41 (hexaue/EtOAc (4:l)). 
Anal. Calcd for ClsHzlN02 (259.35): C, 74.10; H, 8.16; N, 5.40. 
Found: C, 74.14; H, 8.15; N, 5.37. 
(E)-2-(4-Methyl-3-pentenyl)- 1-(2-nitro- l-butenyl)-a- 

methowbenzene (18). Nitropropane (0.49 g, 0.49 mL, 5.5 m o l )  
in THF/HMPA (30 mL) was treated with t-BuLi (7.0 mL, 1.7 
M, 12 mmo1,2.2 equiv) and aldehyde 17 (1.2 g, 11 mmol, 2.0 equiv) 
to afford 7 g of a yellow oil. Purification by flash column chro- 
matography (hexane/EtOAc (101)) afforded 0.31 g (20%) of 18 
as a yellow oil (23% of starting material was recovered). Data 
for 18 bp 190 "C (1.2 Torr); lH NMR (300 MHz) 8.17 (8,  1 H, 
HC(4)), 7.21 (m, 1 H, HC(6)), 6.81 (m, 2 H, HC(7), HC(9)), 5.13 

33.89 (CH,), 29.39 (CHd, 25.60 (C(16)), 20.50 (CH& 17.42 (C(15)), 

(dt, J = 1.2,6.1, 1 H, HC(13)), 3.84 (s,3 H, H&(17)), 2.77 (9, J 
7.4,2 H, H2C(2)), 2.65 (t, J = 7.8, 2 H, H2C(ll)), 2.22 (9, J 

7.6,2 H, H2C(12)), 1.68 (s,3 H, H3C(16)), 1.52 (s,3 H, H3C(15)), 
1.21 (t, J = 7.1,3 H, HC(1)); NMR (75.5 MHz) 160.71 (C(3)), 
152.39 (C(8)), 144.37 (C(lO)), 132.05 (C(4)), 129.94 (C(6)), 123.46 
(C(5)), 122.65 (C(13)), 115.32 (C(9)), 111.45 (C(7)), 55.13 (C(17)), 
34.11 (C(ll)), 29.37 (C(12)), 20.53 (C(2)), 15.14 (C(15), C(l6)), 12.50 
(C(1)); IR (CCl,) 1604 ( ( 2 4 )  8,1570 (NO, a s p )  m, 1522 (NO, 

(hexane/EtOAc (4:l)). Anal. Calcd for Cl7HUNO9 (289.38): C, 
70.56; H, 8.01; N, 4.84. Found C, 70.53; H, 7.98; N, 4.77. 

(E)-1-[2'-[ ~3"-Methyl-2''-butenyl)oxy]phenyl]-2-nitro- 
propene (20). According to the general procedure for the 
preparation of nitro alcohols, a mixture of aldehyde 19 (0.27 g, 
1.4 mmol), nitroethane (0.53 g, 0.51 mL, 7.1 mmol, 5.0 equiv), 
t-BuOHITHF (5 mL each), and t-BuOK (catalytic amount) was 
stirred for 1 h to afford 0.36 g (95%) of a yellow oil: 'H NMR 
(300 MHz) 7.31 (m, 2 H, HC(5), HC(7)), 6.94 (m, 2 H, HC(6), 
HC(8)), 5.47 (m, 1 H, HC(11)), 4.99 (m, 1 H, HC(2)), 4.60 (m, 2 
H, H2C(10)), 3.41 (d, J = 6.0,l H, HC(3), 1 diastereomer), 3.16 
(d, J = 5.7, 1 H, HC(3), 1 diastereomer), 1.81 (d, J = 6.0, 3 H, 
H3C(13)), 1.76 (d, J = 4.9, 3 H, H3C(12)), 1.51 (d, J = 6.9, 3 H, 
H3C(l), 1 diastereomer), 1.33 (d, J = 6.6,3 H, H3C(l), 1 diaste- 
reomer); TLC R, 0.30 (hexane/EtOAc (101)). 

According to the general procedure for the preparation of 
nitroalkenes, a mixture of the crude nitro alcohol (0.35 g, 1.3 
rnmol), &O (11 mL), acetic anhychide (0.15 g, 0.14 mL, 1.5 mmol, 
1.1 equiv), and DMAP (30 mg) was stirred for 2 h and concen- 
trated. The crude nitroacetate in CH2C12 (5.7 mL) at 0 OC was 
treated with triethylamine (0.13 g, 0.19 mL, 1.3 mmol, 1 equiv 
based on theoretical yield) and stirred for 2 h to afford 0.37 g of 
yellow crystals. Purification by flash column chromatography 
(silica gel; hexane/EtOAc (41)) afforded 0.29 g (88%) of 20 as 
viscous yellow oil: 'H MMR (300 MHz) 8.28 (e, 1 H, HC(l)), 7.37 
(m, 1 H, HC(6')), 7.28 (t, J = 6.0, 1 H, HC(4')), 6.97 (m, 2 H, 
HC(5'), HC(3')), 5.47 (dd, J = 6.0, 9.0, 1 H, HC(2")), 4.58 (d, J 

1.74 (s,3 H, H3C(4")); 13C NMR (75.5 MHz) 157.51 @(a)), 147.44 
(C(2')), 138.20 (C(l')), 131.37 (C(4', 6', or l)), 130.16 (C(4', 6', or 
I)), 130.10 (C(4', 6', or l)), 121.87 (C(3'91, 120.34 (C(2" or 59), 
119.28 (C(2" or 5')), 112.17 (C(3')), 65.47 (C(l")), 25.78 (C(3)), 
18.29 (C(4" or 5")), 14.24 (C(4" or 5'')); IR (CCl,) 1653 ( C 4 )  
w, 1599 ( C 4 N )  m, 1522 (NO,) 8,1325 (NO,) 8. Anal. Calcd 
for Cl4Hl7NO3 (247.30): C, 68.00; H, 6.93; N, 5.66. Found C, 
67.98; H, 6.89; N, 5.64. 
3-[2/-(2-Methyl-l-propenyl)phenyl]propanal (22). A 250- 

mL, three-necked flask was charged with the phosphonium iodide 
(15.1 g, 34.9 mmol, 2.50 equiv) and THF (114 mL) and cooled 
to 0 OC. Then n-BuLi (20.9 mL, 33.5 mmol, 2.40 equiv, 1.6 M) 
was added dropwise and stirring continued for 30 min. Aldehyde 
21 (2.29 g, 14.0 "01) in 28 mL of THF was added dropwise via 
an addition funnel to the blood-red solution. After 4 h the mixture 
was extracted with tert-butyl methyl ether (3 X 250 mL) and 
washed with water (100 mL) and brine (100 mL). The combined 
organic layers were dried (MgSO,), filtered and concentrated in 
vacuo. Purification by column chromatography (silica gel; hex- 
ane/EtOAc (4:l); hexane/EtOAc (2:l)) afforded 1.62 g of 21a 
(61%) as a colorless oil: bp 150 "C (2 Torr); 'H NMR (300 MHz) 
7.14 (m, 4 H, HC(5-8)), 6.29 (8, 1 H, HC(10)), 3.61 (t, J = 6.4, 
2 H, H2C(1)), 2.65 (t, J = 7.7,2 H, H2C(3)), 1.90 (s,3 H, H3C(12)), 
1.80 (m, 2 H, HzC(2)), 1.69 (s,3 H, H3C(13)); 'w NMR (75.5 MHz) 

am) S, 1381 (NO2 sym) S, 1331 (NO2 sym) S; TLC R 0.51 

= 6.0,2 H, H,C(l")), 2.38 (s,3 H, H3C(3)), 1.79 ( ~ $ 3  H, H3C(5")), 
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0.17 (hexane/EtOAc (1:l)). Anal. Calcd for C14H17N02 (231.29): 
C, 72.70; H, 7.41; N, 6.06. Found: C, 72.66; H, 7.42; N, 6.12. 
[R,S]-(3a1,71,7al)-1$,3,3~7,7a-He.ahy~6-methyl-7-(4- 

methoxyphenyl)cyclopent[e][ lt]oxazine N-Oxide (26). A 
mixture of nitroalkene 10 (0.10 g, 0.52 mmol), cyclopentene (71 
mg, 92 pL, 1.0 mmol,2.0 equiv), CH2C12 (2 mL), and SnCh (0.27 
g, 0.12 mL, 1.0 mmol,2.0 equiv) was stirred for 20 min to afford 
an oil that was purified by flash column chromatography to afford 
0.11 g (79%) of 26 as white crystals: mp 122-124 "C (hexane/ 
WAC);  'H NMR (300 MHz) 7.12 (d, J = 8.6,2 H, HC(9), HC(W), 
6.90 (d, J = 8.6,2 H, HC(10), HC(lW), 4.89-4.92 (m, 1 H, HC(3a)), 
3.82 (8,  3 H, H3C(12)), 3.51 (d, J = 4.8, 1 H, HC(7)), 2.39 (m, 1 
H, HC(7a)), 1.81-2.00 (m, 4 H, H2C(1), HzC(3)), 1.86 (8, 3 H, 
H3c(13)), 158-1.67 (m, 2 H, H2C(2)); '% NMR (75.5 MHz)  158.97 
(C(ll)), 131.94 (C(6)), 129.32 (C(9), C(Y)), 124.96 (C(7)), 114.43 
(C(lO), C(l(Y)), 84.83 (C(3a)), 55.31 (C(12)), 47.32,47.08, 32.04, 
30.47, 22.48 (C(2)), 16.97 (C(13)); IR (CCl,) 1599 (C-N) s; UV 

1); TLC Rf 0.13 (hexane/J%OAc (1:l)). AnaL Calcd for C&JVO3 
(261.32): C, 68.94; H, 7.33; N, 5.36. Found C, 68.76; H, 7.41; 
N, 5.17. 
[R,S]-(3a1,71,7al)-1,2,3,3a,7,7a-Hexahydro-6-methyl-7- 

[ 4-(trifluoromethyl)phenyl]cyclopent[e][ 1,210xazine N- 
Oxide (27). Nitroalkene 11 (0.10 g, 0.43 mmol), cyclopentene 
(59 mg, 0.080 mL, 0.87 mmol, 2.0 equiv), CH2C1, (2 mL), and SnCl, 
(0.23 g, 0.10 mL, 0.87 mmol,2.0 equiv) were combined at -78 "C. 
It waa nece%eary to warm the flasks to -30 "C to achieve complete 
reaction. The resulting oil was purified by flash column chro- 
matography to afford 0.11 g (85%) of 27 as white crystals: mp 
91.5-93 "C (hexane/EtOAc); 'H NMR (300 MHz) 7.66 (d, J = 
8.1,2 H, HC(10). HC(l(Y)), 7.35 (d, J = 8.1,2 H, HC(9), HC(Y)), 
4.92 (m, 1 H, HC(3a)), 3.66 (d, J = 4.5, 1 H, HC(7)), 2.40 (m, 1 
H, HC(7a)), 1.91-2.03 (m, 4 H, H2C(1), H2C(3)), 1.89 (8,  3 H, 
H3c(13)), 1.60-1.66 (m, 2 H, H2C(2)); 'q NMR (75.5 M H Z )  144.15, 
128.68 (aromatics), 126.21, 126.16, 126.12, 123.25,84.70 (C(3a)), 
47.93, 46.80, 31.90, 30.50, 22.43 (C(2)), 17.18 (C(13)); IR (CCl,) 
1603 (C-N) s; UV I,, = 236 nm (4057.92) in CH2C12; HPLC tR 
= 20.0 (solvent system 2); TLC Rf 0.04 (hexane/EtOAc (41)). 
Anal. Calcd for C&BF9NO2 (299.30): C, 60.20; H, 5.39; F, 19.04, 
N, 4.68. Found C, 60.10; H, 5.36; F, 18.94; N, 4.62. 

[R,SI-W,71,7aJ )-l,2,3,3aY7,7a-Hexahydro-6-methyl-7-( 4- 
nitrophenyl)cyclopent[e][ l,2]o.azine N-Oxide (28). Ni- 
troalkene 12 (0.52 g, 2.5 mmol), cyclopentene (0.34 g, 0.44 mL, 
5.0 mmol, 2.0 equiv), CH2C12 (3 mL), and SnCh (1.3 g, 0.59 mL, 
5.0 mmol, 2.0 equiv) were combined at -78 "C. Warming the 
reaction slowly to room temperature and continued stirring for 
7 h was necessary for complete reaction. The resulting oil was 
purified by flash column chromatography to afford 0.26 g (38%) 
of 28 as shiny pale yellow cryatale along with 38% of recovered 
starting material: mp 161-164 "C (hexane/EtOAc); 'H NMR (300 
MHz) 8.26 (d, J = 8.6, 2 H, HC(10), HC(l(Y)), 7.41 (d, J = 8.6, 
2 H, HC(9), HC(9')), 4.92 (m, 1 H, HC(3a)), 3.71 (d, J = 4.8, 1 
H, HC(7)), 2.41 (m, 1 H, HC(7a)), 1.86-2.04 (m, 4 H, H2C(1), 
H2C(3)), 1.89 (s,3 H, H3C(ll)), 1.56-1.69 (m, 2 H, H2C(2)); 13C 
NMR (75.5 MHz) 147.39 (C(l2)), 129.22 (C(7a)), 124.44 (C(7)), 
123.00 (C(6)), 106.04,84.73 (C(3a)), 47.99,46.78,31.92,30.61,22.49 
(C(2)), 17.21 (C(13)); IR (KBr) 1592 (C-N) s; TLC Rf 0.15 
(hexane/EtOAc (41)). Anal. Calcd for Cl4Hl&O4 (276.30): C, 
60.86, H, 5.84; N, 10.14. Found C, 60.95; H, 5.94; N, 9.99. 
General Procedure for Preparation of 29,30,31,33. To 

a solution of the nitroalkene and cycloalkadiene in CH2C12 was 
added SnCL (2.0 equiv) at -78 "C. When one drop of SnC4 added, 
the solution turned red and very slowly lightened to pink. The 
reaction was stirred for the indicated time and then quenched 
with saturated aqueous NaHC03 and diluted with EtOAc. The 
heterogeneous mixture obtained from fiitration was washed with 
0.1 N NaOH (30 mL), saturated aqueous NaHC03 (30 mL), and 
brine (30 mL). The aqueous layers were back-extracted with 
EtOAc (2 x 40 mL) and the combined organic layers dried, 
concentrated, and filtered. Purification of the oil by column 
chromatography (silica gel; hexane/EtOAc (51),100 mL; hex- 
ane/WAc (1&3), 300 mL; hexane/EtOAc (2:1), 200 mL) afforded 
crystalline products. 

Cycloaddition of Nitroalkene 10 with Cyclohexene 29. 
From nitroalkene 10 (148 mg, 0.776 mmol), cyclohexene (0.140 
g, 155 pL, 1.53 mmol,2.00 equiv), and SnCl, (0.400 g, 180 pL, 1.53 

234 Ilm (2320.5) in CH&12; t R  = 22.2 (80lVent System 

139.97 (C(4)), 137.48 (C(ll)), 135.52 (C(9)), 129.95,128.74,126.44, 
125.50,123.74 (C(7)), 62.25 (C(l)), 33.31 (c(2)), 29.43 (c(3)), 26.01 
(C(13)), 19.20 ((202)); Tu: R 0.27 (hexane/EtOAc (21)). AnaL 
Calcd for C13HIeO (190.29): d, 82.06; H, 9.53. Found C, 81.85; 
H, 9.49. 

A dry "L, three-necked 5& was charged with pyridinium 
chlorochromate (3.53 g, 16.4 "01, 2 equiv) and evacuated for 
15 min. Molecular sieves (9.30 g) and CHzQ (82 mL) were added 
followed by the above alcohol (1.56 g, 8.20 mmol) in 32 mL of 
CHZCl1. After 4 h, the reaction was filtered through Fluorosil 
and washed with 300 mL of CH2C12 and the atrate concentrated 
in vacuo to afford a dark brown liquid. Purification by column 
chromatography (silica gel; hexane/EtOAc (4:l)) afforded 1.05 
g (68%) of 22 as a colorless oil: 'H NMR (300 MHz) 9.78 (t, J 
= 1.2,l H, HC(l)), 7.14 (m, 4 H, HC(5-8)), 6.24 (8, 1 H, HC(10)), 
2.91 (t, J = 7.6, 2 H, H2C(2)), 2.67 (m, 2 H, HzC(3)), 1.90 (8, 3 
H, H3C(12)), 1.68 (8, 3 H, H3C(13)); '% NMR (75.5 MHz)  201.97 
(C(l)), 138.51 (C(4)), 137.58 (C(ll)), 136.13 (C(9)), 130.18, 128.64, 
126.66, 126.03, 123.30, 44.47 (C(2)), 26.03 (C(13)), 25.96 (C(3)), 
19.25 (C(12)); TLC Rf 0.53 (hexane/EtOAc (41)). And Calcd 
for C13H1,3O (188.27): C, 82.94; H, 8.57. Found: C, 82.85; H, 8.63. 

(23). Aldehyde 22 (1.05 g, 5.58 mmol), nitroethane (2.09 g, 2.00 
mL, 27.9 "01, 5.00 equiv), t-BuOHITHF (20 mL each), and 
t-BuOK (63.0 mg, 0.600 mmo1,O.l equiv) were stirred for 3 h to 
afford 1.40 g (95%) of a colorless oil: 'H NMR (300 MHz) 7.14 
(m, 4 H, HC(7-lo)), 6.28 (a, 1 H, HC(12)), 4.47 (m, 1 H, HC(2)), 
4.12 (m, 1 H, 1 diastereomer, HC(3)), 3.84 (m, 1 H, 1 diastereomer, 
HC(3)), 2.75 (m, 4 H, H2C(4), H&(5)), 1.91 (e, 3 H, H3c(14)), 1.68 
(s,3 H, H&(15)), 1.52 (d, J = 6.8,3 H, 1 diaetereomer, H3C(l)), 
1.49 (d, J = 6.9,3 H, 1 diastereomer, H3C(l)); IR (CCl,) 3569 m, 
2932 m, 1551 8,1450 w, 1393 w, 1358 w, 1254 w, 1003. 

A mixture of the crude nitro alcohol (400 mg, 1.52 mmol), acetic 
anhydride (0.190 g, 0.170 mL, 1.82 m o l ,  1.20 equiv), and DMAP 
(0.450 g, 3.65 "01. 2.40 equiv) in CHzC12 (8 mL) was stirred for 
2 h to afford an orange oil. Purification by flash column chro- 
matography (silica gel; hexane/EtOAc (201)) afforded 200 mg 
(54%) of 23 as a yellow liquid 'H NMR (300 MHz) 7.15 (m, 5 

H, H2C(5)), 2.45 (m, 2 H, HzC(4)), 2.02 (d, J = 0.6,3 H, H3C(l)), 

'% NMR (75.5 MHz)  147.86 (C(2)), 138.31 (C(6)), 137.50 (C(13)), 
136.20 (C(3)), 135.26 (C(ll)), 130.23,128.84,126.66,126.19,123.28 
(C(9)), 31.97, 29.16 (C(5)), 26.05 (C(15)), 19.20 (C(14)), 12.22; IR 
(CC14) 1526 (NO2, asym) 8, 1335 (NOz, sym) 8; TLC R 0.48 
(hexane/EtOAc (41); 2x1. Anal. Calcd for C l & N O z  (265.32): 
C, 73.44; H, 7.81; N, 6.71. Found C, 73.45; H, 7.81; N, 5.71. 
General Procedure for the Preparation of 26-28. To a cold 

(-78 "C) solution of nitroallrene and cylcopentene in CH2C12 was 
added SnC1, (0.320 g, 0.144 mL, 1.23 "01, 2 equiv), and the 
solution was stirred for the indicated time. The reaction was 
quenched by the addition of saturated aqueous NaHC03 and 
diluted with EtOAc. After being warmed to room temperature 
with vigorous stirring, the mixture was filtered through a medium 
porous glass filter. The white viscous material was washed with 
EtOAc (2 X 20 mL), and the combined heterogeneous solution 
was washed with Saturated aqueous NaHC03, 0.1 N NaOH, and 
brine. The aqueous layers were back-extracted with EtOAc, and 
the combined organic layers were dried (NadO,), filtered, and 
concentrated. 
[R ,S]-(3a1,71,7a~)-lJ,3,3a,7,7a-Hexahydro-6-methyl-7- 

phenylcyclopent[e][ lf]o.adne N-Oxide (26). A mixture of 
nitroalkene 9 (100 mg, 0.613 mmol), cyclopenbne (83.8 mg, 0.110 
mL, 1.23 mmol,2.00 equiv), CH2Clz (2 mL), and SnCl, (0.320 g, 
0.144 mL, 1.23 mmol,2.00 equiv) was stirred for 46 min to afford 
an oil that was purified by flash column chromatngraphy to afford 
120 mg (85%) of 25 as white crystale: mp 102-103.5 "C (hex- 
ane/EtOAc); 'H NMR (300 MHz) 7.31-7.41 (m, 3 H, HC(10), 
HC(lO'), HC(11)), 7.20 (d, J = 6.8,2 H, HC(9), HCW)), 4.91 (m, 
1 H, HC(3a)), 3.57 (d, J = 4.6, 1 H, HC(7)), 2.38-2.43 (m, 1 H, 
HC(7a)), 1.84-2.03 (m, 4 H, H (l), H&(3)), 1.87 (4 3 H, H&(13)), 
1.58-1.66 (m, 2 H, H2C(2)); NMR (75.5 MHz) 140.09 (C(6)), 
129.11 (C(lO), C(lW), 128.20 (C(91, C(Y)), 127.62 (C(7a)), 124.31 
(C(ll)), 84.66 (C(3a)), 48.01,46.80,31.90,30.41,2237 (C(2)), 17.11 
(C(13)); IR (CCl,) 1601 (C=N) s; UV 1- = 236 nm (2051.4) in 
CH2C12; HPLC t R  = 20.4 min (solvent system 1 and 2); TLC Rf 

(E)-b[2'-( ?'-Methyl- l"-Rropenyl)phenylEznitropent-2-ene 

H, HC(7-lo), HC(3)), 6.26 (be, 1 H, HC(12)), 2.76 (t, J 

1.92 (d, J 0.6, 3 H, H&(14)), 1.69 (d, J 

7.6, 2 

0.9, 3 H, H~c(15)); 
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mmol,2.00 equiv) in CHzClp (1.53 mL) for 3 h was obtained 184 
mg (87%) of 29 after flash column chromatography: 'H NMR 
(300 MHz) 7.05 (d, J = 8.6,2 H, HC(11), HC(13)), 6.87 (d, J = 
8.6, 2 H, HC(10), HC(14)), 4.58 (e, 1 H, HC(8a)), 3.78 (a, 3 H, 
H&(15)), 3.33 (8, 1 H, HC(4)), 2.06-2.01 (m, 1 H, HC(4a)), 1.95 
(a, 3 H, H3C(14)), 1.79-1.46 (m, 5 H), 1.42-1.30 (m, 4 H); '% NMR 
(75.5 MHz) 158.4 (C(ll)), 132.9 (C(9)), 128.3 (C(lO), C(14)), 119.6 
(C(3)), 113.9 (C(ll), C(13)), 74.9 (C(8a)), 54.8 (C(15)), 48.8 (C(4)), 
39.5 (C(4a)), 28.2 (C(8)), 26.9 (C(5)), 24.1 (US)), 19.4 (C(7)), 18.3 
(C(14)). 

Cycloaddition of Nitroalkene 10 with Cycloheptene 30. 
From nitroakene 10 (127 mg, 0.660 mmol), cycloheptene (0.130 
g, 154 pL, 1.32 mmol, 2.00 equiv), and SnCl, (0.340 g, 154 pL, 1.32 
mmol, 2.00 equiv) in CHzClz for 30 min was obtained 192 mg 
(100%) of 30 after flash column chromatography: 'H NMR (300 
MHz) 7.07 (d, J = 8.6, 2 H, HC(12), HC(14)), 6.88 (d, J = 8.6, 
2 H, HC(11), HC(15)), 4.59 (m, 1 H, HC(9a)), 3.80 (s,3 H, H3C- 
(16)), 3.39 (1 H, HC(4a)), 1.91 (8, 3 H, H&(17)), 2.00-1.34 (m, 
11 H); 13C NMR (75.5 MHz) 158.5 (C(13)), 132.4 (C(lO)), 128.8 
(C(11), C(15)), 121.5 (C(3)), 113.9 (C(12), C(14)), 79.4 (C(9a)), 54.8 
(C(l6)), 50.4 (C(4)), 43.8 (C(4a)), 30.9 (C(9)), 28.5 (C(5)), 27.8 
(C(7)), 26.0 (C(8)), 21.3 (C(6)), 17.7 (C(17)); TLC R, 0.16 (hex- 
ane/EtOAc (23)). 

Cycloaddition of Nitroalkene 10 with Cyclohexadiene 31. 
From nitroalkene 10 (132 mg, 0.680 mmol), 1,3-cyclohexadiene 
(0.110 g, 130 pL, 1.37 mmol,2.00 equiv), and SnC1, (0.110 g, 50.0 
pL, 0.430 mmol, 0.630 equiv) in CH2ClZ (4.0 mL) for 15 min was 
obtained 79.3 mg (43%) of nitronate syn-31 and 18.1 mg (10%) 
of nitronate anti-31. Data for syn-31: 'H NMR (300 MHz) 6.97 
(d, J = 8.6,2 H, HC(10), HC(14)), 6.86 (d, J = 8.6, 2 H, HC(11), 
HC(13)), 6.10 (m, 1 H, HC(7)), 5.81 (m, 1 H, HC(8)), 4.83 (d, J 
= 6.0, 1 H, HC(8a)), 4.12 (d, J = 9.0, 1 H, HC(4)), 3.80 (8,  3 H, 
H3C(15)), 2.21-2.08 (m, 2 H, HC(4a), HC(6)), 1.94-1.82 (m, 1 H, 
HC(6)), 1.89 (a, 3 H, H3C(16)), 1.50 (m, 1 H, HC(5)), 0.90 (m, 1 
H, HC(5)). Data for anti-31: 'H NMR (300 MHz) 7.06 (d, J = 
8.6, 2 H, HC(10), HC(14)), 6.84 (d, J = 8.6, 2 H, HC(11), HC(13)), 
6.01 (dt, J = 9.6, 3.4, 1 H, HC(7)), 5.77 (dd, J = 9.6, 1.8, 1 H, 
HC(8)), 4.82 (br 8, 1 H, HC(8a)), 3.75 (a, 3 H, H3C(15)), 3.33 (d, 
J = 2.7,l H, HC(4)), 2.25-1.63 (m, 5 H), 1.84 (s,3 H, H3C(16)). 

Cycloaddition of Nitroalkene 8 with Cyclohexadiene 33. 
From nitroalkene 8 (306 mg, 2.05 mmol), 1,3-cyclohexadiene (0.330 
g, 390 pL, 4.10 mmol, 2.00 equiv), and SnC1, (1.07 g, 480 pL, 4.10 
mmol, 2.00 equiv) in toluene (13 mL) for 20 min was obtained 
267 mg (57%) of nitronate syn-33 and 122 mg (26%) of nitronate 
anti-33. Data for syn-33: 'H NMR (300 MHz) 7.41-7.21 (m, 5 
H, aromatics), 6.42 (d, J = 3.8,l H, HC(3)), 6.11 (m, 1 H, HC(7)), 
5.85 (m, 1 H, HC(8)), 4.83 (br s, 1 H, HC(8a)), 3.49 (t, J = 3.8, 
1 H, HC(4)), 2.33-224 (m, 1 H), 2.17-2.04 (m, 2 H), 1.92-1.75 (m, 
2 H); '3c NMR (75.5 M H z )  141.1 (C(9)), 135.7 (C(3)), 129.2 (C(ll), 
C(13)), 127.7 (C(12)), 127.6 (C(lO), C(14)), 122.0 (C(8)), 114.1 
(C(7)), 75.9 (C(8a)), 45.1 (C(4)), 38.9 (C(4a)), 24.5 (C(5)), 23.4 
(C(6)); TLC R 0.38 (hexane/EtOAc (1:l)). Data for anti-33: 'H 
NMR (300 Mkz) 7.40-7.16 (m, 5 H, aromatics), 6.45 (d, J = 3.3, 
1 H, HC(3)), 6.14 (ddd, J = 9.5, 4.8, 2.0, 1 H, HC(7)), 5.84 (m, 
1 H, HC(8)), 4.98 (d, J = 5.4,l H, HC(8a)), 4.29 (dd, J = 7.5,3.3, 
1 H, HC(4)), 1.95, 1.55 (qd, J = 13.1, 5.7, 1 H, H,C(5)), 0.98 (1 

(C(ll), C(13)), 128.0 (C(lO), C(14)), 127.3 (C(12)), 120.8 (C(8)), 
113.1 (C(7)), 76.6 (C(8a)), 43.8 (C(4)), 33.6 (C(4a)), 25.4 (C(6)), 
18.3 ((35)); TLC R, 0.26 (hexane/EtOAc (53)). 

Cycloaddition of Nitroalkene 8 with Cyclopentadiene 34. 
To nitroalkene 8 (324 mg, 2.17 mmol) and 1,3-cyclopentadiene 
(freshly distilled, 0.240 g, 300 pL, 3.64 mmol, 1.70 equiv) at -78 
"C was added SnCl, (1.13 g, 507 pL, 4.33 mmol,2.00 equiv). The 
mixture became pale pink then yellow then orange. After 10 min 
an additional 300 p L  of cyclopentadiene was added, at which time 
a yellow color persisted. After 30 min the mixture was quenched 
with saturated aqueous NaHC03 (30 mL) and diluted with EtOAc 
(50 mL). The organic layer was washed with saturated aqueous 
NaHC03 (2 X 50 mL) and brine (50 mL). The aqueous layers 
were back-extracted with EtOAc (2 X 50 mL), dried (Na2S04), 
filtered, and concentrated. Purification by flash column chro- 
matography (silica gel; CHzClz, 50 mL; hexane/EtOAc (53), 600 
mL) afforded 73.3 mg (15.7%) of nitronate anti-34 and 235 mg 
(50.2%) of nitronate syn-34. Data for syn-34: 'H NMR (300 
MHz) 7.42-7.31 (m, 3 H, HC(10), HC(11), HC(12)), 7.30-7.24 (m, 

H, HbC(5)); '9 NMR (75.5 MHz) 136.8 (C(3)), 136.7 (C(9)), 128.5 
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2 H, HC(9), HC(13)), 6.56 (d, J = 4.0,l H, HC(3)), 6.2C-6.17 (m, 
1 H, HC(6)), 5.85-5.80 (m, 1 H, HC(7)), 5.60 (d, J = 7.8, 1 H, 
HC(7a)), 3.41 (dd, J = 9.7,4.0, 1 H, HC(4)), 2.91 ( a d ,  J = 9.4, 
8,1,3.9,1 H, HC(4a)), 2.53 (ddt, J = 17.9,8.4,3.9,1 H, HC(5)), 
2.39 (dq, J = 17.9,2.7,1 H, HC(5)); TLC R 0.36 (hexane/EtOAc 
(1:l)). Data for anti-34: 'H NMR (300 M k z )  7.40 (dd, J = 7.5, 
6.9,2 H, HC(10), HC(12)), 7.31 (t, J = 6.9,l H, HC(11)), 7.23 (d, 
J = 7.5,2 H, HC(9), HC(13)), 6.74 (d, J = 4.4,l H, HC(3)), 6.16 
(d, J = 6.3,l H, HC(6)), 5.92-5.90 (m, 1 H, HC(7)), 5.68 (d, J = 
8.6, 1 H, HC(7a)), 4.06 (dd, J = 5.5, 4.4, 1 H, HC(4)), 3.42 (m, 
1 H, HC(4a)), 2.33 (d, J = 18.3, 1 H, HC(5)), 2.18 (dd, J = 18.3, 
8.3,l H, HC(5)); '3c NMR (75.5 MHz) 139.74 (C(3)), 136.47 (C(8)), 
128.96 (C(lO), C(12)), 127.52 (C(9), C(13)), 127.33 (C(ll)), 127.23 
C(7)), 117.71 (C(6)), 91.75 (C(7a)), 43.06 (C(4)). 41.81 (C(4a)), 34.61 
(C(5)); TLC R, 0.24 (hexane/EtOAc (1:l)). 

Cycloaddition of Nitroalkene 10 with Cyclopentadiene 32. 
A dry, 50-mL, two-necked flask was charged with nitroakene 10 
(0.50 g, 2.6 mmol) and 26 mL of toluene and cooled to -78 "C. 
Cyclopentadiene (freshly distilled into a -78 "C collecting flask, 
5.2 mmol, 2.0 equiv) was added followed by SnC, (0.45 g, 0.20 
mL, 1.7 mmol, 0.67 equiv). Another 2 equiv of cyclopentadiene 
was added, followed by the remaining SnCl, (0.90 g, 0.41 mL, 3.5 
mmol,1.3 equiv). After 20 min, a final2 equiv of cyclopentadiene 
was added. After 4 h, the reaction was quenched with 4 mL of 
saturated aqueous NaHC03 and was allowed to warm to room 
temperature. The mixture was extracted with CHzC12 (3 X 150 
mL) and washed with 0.1 N NaOH (100 mL), saturated aqueous 
NaHC03 (100 mL), and brine (100 mL). The combined organic 
layers were dried (NazS04/MgS04), filtered, and concentrated 
in vacuo to afford a yellow-orange liquid. Purification by flash 
column chromatography (silica gel; hexane/EtOAc, then EtOAc) 
afforded 33 mg ( 5 % )  of anti-32 as pale yellow crystals which were 
recrystallized from tert-butyl methyl ether/hexane and 118 mg 
of syn-32 (18%) as white crystals which were similarly recrys- 
tallized. Data for anti-32: 'H NMR (500 MHz) 7.15 (d, J = 8.6, 
2 H, HC(10), HC(10')), 6.90 (d, J = 8.6,2 H, HC(11), HC(ll')), 
6.14 (m, 1 H, HC(6)), 5.82 (m, 1 H, HC(7)), 5.56 (d, J = 8.0,l H, 
HC(5)), 3.81 (s,3 H, H3C(13)), 3.52 (d, J = 8.2,l H, HC(3)), 3.09 
(m, 1 H, HC(4)), 2.58 (dddd, J = 17.8,8.6, 20, 2.0, 1 H, H~c(8)), 

H3C(l)); '3c NMR (125 MHz) 159.06 (C(12)), 138.49 (C(6)), 129.72 
(C(lO)), 129.42 (C(2)), 129.11 (C(9)), 126.72 (C(7)), 114.36 (C(11)), 
90.69 (C(5)), 55.30 (C(13)), 49.37 (C(3)), 44.42 (C(4)), 38.62 (C(8)), 

0.43 (EtOAc). Anal. Calcd for Cl6HI7NO3 (259.31): C, 69.48; H, 
6.61; N, 5.40. Found: C, 69.62; H, 6.68; N, 5.30. Data for syn-32; 
mp 142-143 "C (hexaneltert-butyl methyl ether); 'H NMR (500 
MHz) 7.14 (d, J = 8.6, 2 H, HC(lO), HC(10')), 6.86 (d, J = 8.7, 
2 H, HC(11), HC(ll')), 6.15 (m, 1 H, HC(6)), 5.88 (m, 1 H, HC(7)), 
5.51 fdt, d = 7.6, 2.3,l H, HC(5)), 4.03 (d, J = 6.9, 1 H, HC(3)), 
3.79 (8,3 H, H&(13)), 3.23 (dddd, J = 7.2,7.1,7.1,7.1,1 H, HC(4)), 

(125 MHz) 158.88 (C(12)), 140.30 (C(6)), 129.95 (C(lO)), 128.97 
(C(2)), 128.01 (C(9)), 127.03 (C(7)), 114.15 (C(11)), 91.14 (C(5)), 
55.24 (C(13)), 45.84 (C(3)), 41.09 (C(4)), 35.67 (C(8)), 17.04 (C(1)); 
IR (CDC13) 1512 (C-N) s; TLC R, 0.33 (EtOAc). Anal. Calcd 
for ClSHI7NO3 (259.31): C, 69.48; H, 6.61; N, 5.40. Found: C, 
69.68; H, 6.68; N, 5.47. 

General Procedure for the Preparation of 36.37, and 39. 
A solution of the nitroolefii in toluene was chilled to -75 "C, and 
tin tetrachloride was added dropwise. After the indicated time, 
the mixture was quenched with 0.5 N NaOH in MeOH. The white 
mixture was poured into saturated aqueous NaHC03, extracted 
with EtOAc, and washed with saturated aqueous NaHC03. The 
combined organic layers were dried (MgSO,), filtered, and con- 
centrated in vacuo to afford crude oils. 

[ R ,S 1- (4aI, la u )- 1 , l  -Dimethyl-4-et hyl-5a,8a-p henyl- 
la,4a,5a,8a,9,10-hexahydro-lH-benz[ a][ lfloxazine N-Oxide 
(36). From nitroolefin 15 (0.10 g, 0.39 "01) and tin tetrachloride 
(0.09 mL, 0.77 mmol,2.0 equiv) in toluene (3 mL) for 40 min was 
obtained a pale yellow oil (0.15 8). Flash column chromatography 
(20 cm; hexane/EtOAc (lO:l), 100 mL; EtOAc) afforded 68 mg 
(68%) of 36 as white crystals: mp 94-96 "C; 'H NMR (500 MHz) 
7.22 (m, 4 H, aromatics), 3.91 (d, J = 5.8,l H, HC(4a)), 2.87 (dt, 
J = 5.5, 1 H, HC(9)), 2.76 (ddd, 1 H, HC(9)), 2.34 (m, 2 H, 

2.24 (dddd, J 18.0, 2.8, 1 H, H~c(8 ) ) ,  1.87 (d, J = 1.1, 3 H, 

16.30 (C(1)); IR (CDCl3) 1597 (C=O) 8,1514 (C-N) S; TLC Rf 

2.44 (dddd, J = 17.6,8.7,2.3,2.3,1 H, H~c(8 ) ) ,  2.24 (dddd, J = 
17.6,2.6,2.5,1 H, H&(8)), 1.93 (d, J = 0.9,3 H, HSC(1)); '3C NMR 



4924 J. Org. Chem., Vol. 57, No. 18,1992 

H&(13)), 2.11 (m, 1 H, HC(10)), 1.96 (m, 1 H, HC(10)), 1.76 (m, 
1 H, HC(la)), 1.49 (e, 3 H, H3C(ll) or C(12)), 1.41 (e, 3 H, H,C(11) 
or H3C(12)), 0.84 (t, J = 7.4,3 H, H3C(14)); 'W NMR (125 MHz) 
133.01, 130.27,128.54, 127.74, 126.04,83.83 (C(l)), 76.60 (C(la) 
or C(4a)), 76.55 (C(1a) or C(4a)), 40.15,39.92,28.30,25.92,23.85, 
23.32, 22.18, 8.56 (C(14)), carbon 4 not found; IR (CCl,) 1592 
(C-N) s; TLC Rf 0.39 (EtOAc). Anal. Calcd for ClaHzlN02 
(259.35): C, 74.10; H, 8.16; N, 5.40. Found: C, 74.09; H, 8.20; 
N, 5.34. 
[R ,SI-( &],la u )- 1,l-Dimet hyl-4-et hyl-5a,8a-( 4-met hoxy- 

pheny1)-1,4a,5a,8a,9,10-hexahydro-lH-benz[ d ] [  1Sloxazine 
N-Oxide (37). From nitroalkene 18 (0.14 g, 0.47 "01) and tin 
tetrachloride (0.25 g, 0.11 mL, 0.95 mmol, 2.0 equiv) in toluene 
(4 mL) for 1 h was obtained a yellow oil. Purification by flash 
column chromatography (10 cm; hexane/EtOAc (101); EtOAc) 
afforded 63 mg (46%) of 37 as a pale yellow oil. Data for 37 'H 
NMR (300 MHz) 7.08 (d, J = 8.4, 1 H, HC(5)), 6.74 (m, 2 H, 
HC(6), HC(8)), 3.85 (d, J = 5.8, 1 H, HC(4a)), 3.79 (8, 3 H, 
H&(16)), 2.49-2.86 (m, 3 H, H,C(ll) or H3C(12)), 1.40 (8, 3 H, 
H,C(ll or 12)), 0.83 (t, J = 7.4, 3 H, H3C(14)); TLC R, 0.37 
(EtOAc). 
3aH,9H,9aH-Tdhydro-3,10,10-trimethy1[3]benzopyrano- 

[3,2-d]-l,2-oxazine N-Oxide (38). Nitroalkene 20 (68 mg) was 
taken up in mesitylene (3.5 mL) and heated for 15 min in a 
preheated 210 OC oil bath in a sealed vial (20 mg of CaC0, was 
added as an acid scavenger). The solution turned orange-brown, 
and TLC analysis indicated the formation of product. The vial 
was heated for an additional 15 min, and the contenta were 
concentrated. Purifcation by column Chromatography (silica gel; 
hexane/EtOAc (2:1), EtOAc) afforded 35% of only one possible 
diastereomer: 'H NMR (300 MHz) 7.20 (m, 2 H, HC(4), HC(6)), 
6.92 (m, 2 H, HC(5), HC(7)), 4.42 (ddd, J = 1.7, 3.8, 11.4, 1 H, 
HC(9*)), 3.90 (dd, J = 11.3,l H, HC(%)), 3.85 (m, 1 H, HC(3a)), 
2.33 (m, 1 H, HC(9a)), 2.12 (s,3 H, H C(13)), 1.54 (s,3 H, H3C(ll 
or 12)), i .a (8, 3 H, ~ ~ ~ ( 1 1  or 12)); NMR (75.5 M H ~ )  154.20 
(C(7a)), 131.74 (C(3)), 129.45,122.37,120.56,117.43, 117.22,82.09 
(C(lO)), 63.90 (C(9)), 38.05,37.96,36.63,25.88,23.53,16.63, HRMS 
calcd for 247.120700, found 247.120844; TLC Rf 0.31 (EtOAc). 

6 8  -3,10,1 O-Trimet hylnapht h[ 10,1,9b,aa,4,5- d ]oxazine 
N-Oxide (39). From nitroalkene 23 (242 mg, 0.990 "01) and 
SnCl, (0.510 g, 0.230 mL, 1.97 "01, 2.00 equiv) in CH2C12 (12 
mL) for 3 h was obtained a very viacous yellow oil. Purification 
by flesh column chromatography (silica gel; EtOAc) afforded 138 
mg (57%) of a viscous oil. Crystallization was induced by sus- 
pending this oil in hexane and cooling in liquid nitragex mp 95-98 
OC (hexane); 'H NMR (300 MHz) trans adduct 7.18 (m, 4 H, 
HC(H)),  2.99 (d, J = 11.6,l H, HC(9b)), 2.92 (m, 2 H, H2C(5)), 
2.47 (m, 1 H, HC(3a)), 2.27 (m, 1 H, HC(4)), 2.11 (d, J = 1.5,3 
H, H3C(13)), 1.83 (e, 3 H, H,C(ll or 1211, 1.72 (m, 1 H, HC(4)), 
1.34 (e, 3 H, H3C(ll or 12)); cis adduct 7.18 (m, 4 H, HC(6-9)), 
3.28 (d, J = 6.2, 1 H, HC(9b)), 2.92 (m, 2 H, H2C(5)), 2.79 (m, 
1 H, HC(3a)), 2.27 (m, 1 H, HC(4)), 2.20 (s,3 H, H3C(13)), 1.88 
(m, 1 H, HC(4)), 1.65 (s,3 H, H3C(ll or 12)), 1.04 (s,3 H, H3C(ll 
or 12)); lW NMR (75.5 MHz) tram adduct 137.35 (C(9a)), 135.27 
(C(5a)), 129.32 (C(7)), 126.73 (C(3)), 125.93,125.68,86.10 (C(lO)), 
49.76 (C(3a)), 38.49 (C(4)), 29.43 (C(5)), 28.88,24.44,20.54 (C(13)), 
13.85 (C(11), C(12)); TLC R, 0.22 (EtOAc). Anal. Calcd for 

H, 7.89; N, 5.90. 
C1&@02 (245.32): C, 73.44; H, 7.81; N, 5.71. Found: C, 73.56, 

Denmark et  al. 

Competition Experiment6 with l-Methyl-l-nitro-2- 
phenylet hene and l-Met hyl-l-nitro- (4-met hoxypheny1)- 
ethene (9 and 10). Five 25-mL, two-necked, round-bottomed 
flasks with stir bars were oven-dried and cooled under vacuum. 
Solutions of each nitroalkene in CH2C12 were freshly prepared 
to contain 1 mg/mL. Each of the nitroalkenes (5.0 mL 9,5.9 mL 
10, 0.03 mmol) was added and chilled to -78 OC followed by 
addition of cyclopentene (0.65 mg, 0.50 mL, 9.5 "01,243 equiv). 
The SnCl, (1.0 mL) was diluted to 10 mL with CHzC12 which was 
previously passed through a pipet fiied with alumina under NP 
The SnC14 needed for all five reactions was drawn up into the 
syringe at once and dispensed quickly to each reaction veeael(l6 
mg, 72 pL, 0.61 mmol,2.0 equiv). Indication that reactions had 
occurred was noted by the dark orange color that appeared on 
the addition of the SnC, (MF = 0.005). The reactions were then 
quenched after 1,2,10,30, and 80 min, respectively, with saturated 
aqueous NaHCO, and allowed to warm with stirring. The reaction 
"a were diluted with EtOAc and then washed with saturated 
aqueous NaHCO,, 0.1 M NaOH, and brine. The combined 
aqueous layers were extracted once with EtOAc. The combined 
organic extracts were dried (MgSO,), filtered, concentrated in 
vacuo and put through a pipet of silica gel before being injected 
onto the HPLC. Solvent system 1 was used. 

Competition Experiment with l-Methyl-l-nitro-2- 
phenylethene and 1 -Methyl- l-nitro-[ 4-(trifluoromet hy1)- 
phenyllethene (9 and 11). Five 10-mL, two-necked, round- 
bottomed flasks with stir bars were oven-dried and then cooled 
under vacuum. Solutions of each nitroalkene in CHzC12 were 
freshly prepared to contain 1.0 mg/mL. Each of the nitroalkenes 
(1.0 mL 9,1.3 mL 11,0.043 mmol) was added and chilled to -78 
"C followed by addition of cyclopentene (0.32 mg, 0.25 mL, 4.8 
mmo1,llO equiv). The SnCl, (1.0 mL) was diluted to 10 mL with 
CH2C12 which had been previously passed through a pipet fiied 
with alumina under N2 The SnCl, needed for all five reactions 
was drawn up into the syringe at once and dispensed quickly to 
each reaction vessel (100 pL, 22.5 mg, 0.09 mmol, 2 quiv). In- 
dication that reactions had occurred was noted by a yellow color 
that appeared on addition of the SnCll (MF = 0.033). The re- 
actions were quenched after 2,5,10,33, and 60 min, respectively, 
with saturated aqueous NaHCO, and allowed to warm with 
stirring. The reaction mixtures were diluted with EtOAc and then 
washed with saturated aqueous NaHCO,, 0.1 M NaOH, and brine. 
The combined aqueous layers were extracted once with EtOAc. 
The combined organic extracts were dried (MgS04), filtered, 
concentrated in vacuo and put through a pipet of silica gel before 
being injected onto the HPLC. Solvent system 2 was used. 
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