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The role of potassium hydroxide in the reaction is be- 
lieved t o  be t h e  deprotonation of t h e  substrate,  while po- 
tassium carbonate may serve as a dehydrating agent. T h e  
solubilization of both potassium salts may be promoted 
by PEG-400. In the previously described rhenium carbonyl 
catalyzed homogeneous oxidation of cyclic ketones, i t  was 
proposed that the meta l  complex is involved in hydro- 
peroxide decomposition b y  a homolytic process. Under  
t h e  basic phase-transfer conditions utilized in  th i s  inves- 
tigation, rhenium carbonyl may  alternatively promote the 
reaction of the carbanion with oxygen or the cleavage of 
the hydroperoxide anion. Irrespective of the mechanistic 
details, the oxidation of monocyclic ketones to  diacids and 
of bicyclic ketones t o  ke to  diacids or  hydroxyquinones 
occurs in high yield, and under remarkably mild conditions 
(room tempera ture ,  1 a tm)  using rhenium carbonyl and 

Experimental Section 
Melting point determinations were made by using a Fisher- 

Johns apparatus. Proton magnetic resonance spectra were re- 
corded on a Varian XL-300 spectrometer, while an FT-80 in- 
strument was used for carbon-13 spectral determinations. Infrared 
spectra were recorded on a Perkin-Elmer 783 spectrometer, and 
a VG-7070E spectrometer was used for mass spectral determi- 
nations. Elemental analyses were done by M-H-W Laboratories, 
Phoenix, AZ. Gas chromatographic determinations were made 
on a Varian Vista 6000 gas chromatograph (FID detector) 
equipped with a 2-m 5% Carbowax 20M (or OV-17) on Chro- 
mosorb W column. 

All of the necessary chemicals were purchased from commercial 
sources. Solvents were purified by standard methods. 

General Procedure for the Rez(CO)lo-Catalyzed Oxidation 
of Ketones Using PEG-400, KOH, and  K2C03. The ketone (10 
mmol) was added to a stirred mixture of ground potassium hy- 
droxide (40 mmol), ground potassium carbonate (40 mmol), 
rhenium carbonyl (0.1 mmol), and PEG-400 (3 drops) in 1,2- 
dimethoxyethane (20 mL). Oxygen was bubbled through the 
stirred reaction mixture until the ketone was consumed (see Tables 

PEG-400. 

I and I1 for reaction times). The progress of the reaction was 
monitored by gas chromatography. The reaction mixture was 
acidified (ice bath) to pH 4 by using 10 N hydrochloric acid and 
then extracted with ether. The ether extract was dried (MgS04) 
and concentrated by rotary evaporation to give the product. 
Further purification, when necessary, was effected by recrys- 
tallization or by silica gel column chromatography. 

The same procedure was used with other phase-transfer agents, 
with the following quantities used: TDA-1, 1.0 mmol; PhCH2N- 
(CzH5)3CC1- or (C4H9).,N+Br-, 0.3 mmol. 

Except for 5-ketodecane-1,lO-dioic acid, all of the products are 
known compounds and were identified by comparison of melting 
points and spectral data with literature results and with authentic 
samples in most instances. Spectral data for 3 

(DMSO-&,) 6 1.40 (m, 4 H, protons on (2-7, C-8), 1.62 (quintet, 
2 H, protons on C-3), 2.14 (2 overlapping triplets, 4 H, protons 
on (2-4, C-6), 2.33-2.43 (2 overlapping triplets, 4 H, protons on 

41.5 (methylene carbons), 174.1, 174.3 (acid carbonyls), 209.9 
(ketone carbon); assignments for both 'H and I3C NMR were 
confirmed by appropriate decoupling experiments; chemical- 
ionization mass spectrum, mle 217 (M + l ) ,  199 (M + 1 - H20),  
181 (M + 1 - 2H20); mp 108-110 "C. 

Anal. Calcd for C10H1605: C, 55.54; H, 7.46. Found: C, 55.71; 
H, 7.71. 
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Stereochemical aspects of the intramolecular hetero-Diels-Alder reaction of hetero dienes are studied. 
Knoevenagel condensation of aromatic aldehydes 1, 12, 15, and 21 with pyrazolones 8a-h and isoxazolone 17 
gave the corresponding hetero dienes, e.g., 9a-h, which cyclized to the adducts loa-h, lla-h, 13, 14, 16, 19,20, 
23a-d, and 24a-d, respectively. Both E and Z hetero dienes gave mixtures of cis- and trans-annulated cycloadducts, 
with the cis-annulated compounds formed preferentially. This suggests an EIZ  isomerization preceding the 
cycloaddition, which has been proved by UV-vis spectroscopy and HPLC. The tandem-Knoevenagel-Diels-Alder 
reaction of 1 and 8a and 8b was carried out with and without irradiation, yielding the same ratio of cis and trans 
adducts lOa,b and l la,b.  Since it has been shown that the ratio of E and 2 hetero dienes is different in the 
two sets of experiments, it can be assumed that the cycloadducts are formed only via the E hetero diene. Reaction 
of the aliphatic aldehyde 25 with pyrazolones 8a-d gave the cycloadducts 28-30 with preferential formation of 
cis-annulated compounds 28a-d and 29a-d. whereas the reaction of 31 and 32 yielded the trans adduct 36 as 
main product. 

The intermolecular Diels-Alder reaction2 of a,@-unsat- 
urated carbonyls with electron-donor-substituted alkenes 
such as enol ethers or ketene acetals is a well-established 
method for the synthesis of dihydropyrans,2g whereas al- 

'Part of T.B.'s Ph.D. Thesis, Gottingen, 1987. 
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kyl-substituted alkenes do not act as dienophiles. Contrary 
to this observation, t h e  intramolecular reaction of hetero 

(1) Intra- and Intermolecular Hetero-Diels-Alder Reactions. 17. Part 
16. see ref 12. 
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Intramolecular Hetero-Diels-Alder Reaction 

dienes 3 and 6, which are activated by an electron-acceptor 
substituent in the a-position, gives excellent yields of the 
corresponding cycl~adducts.~ Enol ethers were also em- 
ployed successfully in the cycloaddition of oxa dienes of 

n 
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this type.4 The simple preparation of the hetero dienes 
and the high stereoselectivity of the cycloaddition are the 
main advantages of this reaction; e.g., the hetero dienes 
3 or 6 can easily be obtained by Knoevenagel condensation 
of aldehydes 1 or 5 with a 1,3-dicarbonyl compound 2 a t  
room temperature with ethylenediammonium diacetate 
(EDDA) as catalyst? As the result of their high reactivity, 

(2) (a) Ciganek, E. Org. React. (N.Y.) 1984, 32, 1. (b) Oppolzer, W. 
Angew. Chem., Znt. Ed. Engl. 1984,23, 876. (c) Taber, D. F. Zntramo- 
lecular Diels-Alder and Alder Ene Reactions; Springer-Verlag: New 
York, 1984. (d) Fallis, A. G. Can. J. Chem. 1984,62, 183. (e) Brieger, 
G.; Bennet, J. N. Chem. Rev. 1980,80,63. (0 Sauer, J.; Sustmann, R. 
Angew. Chem., Znt. Ed. Engl. 1980,19, 779. (g) Desimoni, G.; Tacconi, 
G. Chem. Reu. 1975, 75, 651. (h) Tietze, L. F. In Selectivity-a Goal for 
Synthetic Efficiency; Bartmann, W., Trost, B. M., Eds.; Verlag Chemie: 
Weinheim, 1984. (i) Boger, D. L.; Weinreb, S. M. Hetero-Diels-Alder 
Methodology in Organic Synthesis; Academic: New York, 1987. 

(3) (a) Tietze, L. F.; von Kiedrowski, G.; Harms, K.; Clegg, W.; Shel- 
drick, G. Angew. Chem., Znt. Ed. Engl. 1980,19,134. (b) Tietze, L. F.; 
v.Kiedrowski, G. Tetrahedron Lett. 1981, 22, 219. (c) Tietze, L. F.; 
v.Kiedrowski, G.; Berger, B. Angew. Chem., Int. Ed. Engl. 1982,21,221. 
(d) Tietze, L. F.; Stegelmeier, H.; Harms, K.; B m b y ,  T. Angew. Chem., 
Int. Ed. Engl. 1982,21,863. (e) Snider, B. B.; Roush, D. M.; Killinger, 
T. A. J.  Am. Chem. SOC. 1979,101,6023. (0 Snider, B. B.; Duncia, J. V. 
J. Org. Chem. 1980, 45, 3461. See also: (9) Martin, S. F.; Benage, S.; 
Williamson, S. A.; Brown, S. P. Tetrahedron 1986,42, 2903. 

(4) (a) Tietze, L. F. Angew. Chem., Znt. Ed. Engl. 1983,22,828. (b) 
T i e d ,  L. F.; Gliisenkamp, K.-H. Angew. Chem., Int. Ed. Engl. 1983,22, 
887. (c) Bitter, J.; Leitich, J.; Partale, G.; Polansky, 0. E.; Riemer, W.; 
Ritter-Thomas, B.; Schlamann, B.; Stilkerieg, B. Chem. Ber. 1980,113, 
1020. (d) Snider, B. B. Tetrahedron Lett. 1980,21,1133. (e) Tietze, L. 
F.; Denzer, H.; Holdgrijn, X. Angew. Chem., Znt. Ed. Engl. 1987,26,1295. 

(5) (a) Cope, A. J. Am. Chem. SOC. 1937,59, 2327. (b) Tietze, L. F.; 
Eicher, T. Reaktionen und Synthesen im organisch-chemischen Prak- 
tikum; Georg Thieme Verlag: Stuttgart, 1981. 
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Figure 1. Transition states in the intramolecular hetero-Diels- 
Alder reaction of oxa dienes. 

the hetero dienes are usually formed in situ only. The 
cycloaddition of 3 yields almost exclusively in a noninduced 
diastereoselective fashion6 the cis-annulated polycyclic 
compound 4, whereas 6 gives the trans system 7. Asym- 
metric induction can be effected by a stereogenic center 
in the  hai in^^-^ or in the dicarbonyl compound,' with in- 
duced diastereoselectivity, i-de > 90%. 

In order to explain the selectivity of this tandem- 
Knoevenagel-hetero-Diels-Alder reaction and to predict 
the influence of changes in the system, information about 
the conformation of the transition state and their con- 
trolling factors is needed. In the hetero-Diels-Alder re- 
action, we have to distinguish between four different 
transition states (Figure 1): (1) exo-E-anti (A), ( 2 )  endo- 
E-syn ( C ) ,  ( 3 )  endo-2-anti ( B ) ,  and (4) exo-2-syn (D). In 
the formation of trans-annulated products only the exo- 
E-anti transition state (A) can be operative since the 
endo-2-anti form (B) is not possible for geometrical rea- 
sons. However, both the endo-E-syn (C) and the exo-2-syn 
(D) orientations are possible in the transition state leading 
to the cis-annulated cycloadducts. 

Since there is only a formal distinction between E and 
2 hetero dienes in 3 and 6, no information on the con- 
formations of the transition states can be obtained from 
these systems. We therefore investigated the intramo- 
lecular hetero-Diels-Alder reaction of benzylidene- 
pyrazolones8 and -isoxazolones as well as of alkylidene- 
pyrazolones, although steric and electronic differences 
surely exist compared to 3 and 6. In addition, some of the 
cycloadducts are powerful pesticides. 

Results and Discussion 
The condensation of 1 with 8a-h was accomplished in 

acetonitrile a t  room temperature by using ethylenedi- 
ammonium diacetate as catalyst. The benzylidene com- 
pounds 9 are thermally stable at room temperature; cy- 
clization, however, to the adducts 10/11 is easily caused 
by heating to 80 "C or by traces of acid or contact with 
silica already a t  room temperature. Therefore, crystalli- 
zation a t  low temperature is the only way to obtain pure 
samples of Sa-g, usually in moderate yields. Only Sh, 

(6) Introduction of the terms induced/noninduced diastereoselectivity 
(i-de, ni-de), see: Tietze, L. F.; Beifuss, U. Angew. Chem., Int. Ed. Engl. 
1985,24, 1042. 

(7)  Tietze, L. F.; Brand, S.; Pfeiffer, T. Angew. Chem., Int. Ed. Engl. 
1985,24, 784. Tietze, L. F.; Brand, S.; Pfeiffer, T.; Antel, J.; Harms, K.; 
Sheldrick, G. M. J. Am. Chem. SOC. 1987, 109, 921. 

(8) (a) Wiley, R. H.; Wiley, P. Pyrazolones, Pyrazolidones and De- 
riuatzues, The Chemistry of Heterocyclic Compounds; Interscience: New 
York, 1964; Vol. 20. (b) The intermolecular Diels-Alder reaction of 
benzylidenepyrazolones with enol ethers has already been studied, see ref 
2g. 
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Table I. Yields and Diastereomeric Ratios of the 
Diels-Alder Adducts loa-h and lla-h 

cis:trans ratio" determined 
cycloadducts by 

educts (vield. YO) HPLC NMR deb 
1 + 8a 
1 + 8b 
1 + 8c 
1 + 8d 
1 + 8e 
1 + 8f 
1 + 8g 

9h 

10a/lla (94) 
lOb/llb (90) 
lOc/llc (86) 
lOd/lld (80) 
10e/lle (90) 
lOf/llf (85) 
lOg/llg (83) 
10h/llh 
(79)d 

4.62 (0.04):l 4.62 (0.9O):l 64.4 
16.8 (0.9):l 18.0 (2.7):l 88.7 
4.49 (0.14):l 4.38 (0.21):l 63.6 
44.5 (2.5):l - 95.6 
5.45 (0.20):l 5.42 (0.70):l 69.0 
17.0 (1.6):l 18.2 (2.4):l 88.9 
3.91 (0.12):l 3.83 (0.69):l 59.3 
49.0 (0.9):l - 96.0 
50.2 (1.l):l - 96.1 

Standard deviation in parentheses, calculated from HPLC 
data. *( lo  - 11)/(10 + 11)  X 100%. CDecalin, 180 "C. dToluene, 
110 o c .  

Table 11. Yields of Hetero Dienes and Cycloadducts in the 

hetero diene cycloadducts 
Reactions of 1, 12, 15, and 21 with 8 and 17 

educts (yield, %) (yield, %) cixtrans ration de 
21 + 8a 22a (85) 23a/24a (74) 3.16 (0.04):l 51.9 
21 + 8b 22b (79) 23b/24b (75) 23.2 (0.l):l 91.7 
21 + 8c 22c (73) 23c/24c (89) 10.2 (0.2):l 82.1 
21 + 8d 22d (92) 23d/24d (78) 10.3 (0.3):l 82.2 
12 + 8b - 13/14 (89) 24.4 (1.3):l 91.2 
15 + 8b - 16 (85) >99:1 >98 
1 + 17 18 (92) 19/20 (87) 5.20 (0.16) 67.7 

Determined by HPLC; standard deviation in parentheses. 

which failed to cyclize under usual conditions, could be 
purified by flash chromatography. 

r J-i3 Ch3 : j a -  
0 CsHg CH3 
h t 6~ C H j  

,' 33-P, 

Because of the low stability of the benzylidene- 
pyrazolones 9, the compounds were usually formed in situ 
and converted to the Diels-Alder adducts without isolation 
by subsequent refluxing of the reaction mixtures for 16-24 
h. In contrast to the cycloaddition of 3, a mixture of cis 
and trans isomers was usually found in these reactions, the 
former always predominating. The ratio of 10/11 was 
determined by 13C NMR spectroscopy and HPLC (Table 
1). 

In addition, more highly substituted aldehydes 12 and 
15 were also used, giving the cycloadducts 13/14 and 16 
in 89% and 85% yield, respectively. With 15, no trans- 
annulated cycloadduct was found. In a similar way, con- 
densation of the phenylisoxazolone 17 with 1 gave 18, 
which was cyclized in toluene at  110 "C. The cis-fused 
adduct 19 was the main product (Table 11). 

The stability of the benzylidenepyrazolones could be 
increased by using benzaldehydes 21 without methyl 

Pi- bh 
12 Bb 13 14 

17 l E  

Y g g p h  &-N + ;gph 0" j 
19 20 

groups at  the olefinic double bond. By this means the 
HOMO energy of the dienophile is lowered. Since the 
separation of HOMOdieno bile and LUMOdLene is most im- 
portant in these Diels-Alder reactions which belong to the 
inverse electron demand type, the rate of the cycloaddition 
is much lower. 

The hetero dienes 22 were isolated without difficulty 
after the usual condensation reaction in high yields. The 
cycloaddition to give 23a-d and 24a-d had to be carried 
out a t  180 "C in decalin. These severe conditions caused 
a slight decrease in yields compared to the reaction of 
pyrazolones 8 with 1 (Table 11). 

21 Ea-d 
Ph 

22a-d 

Ph Ph 
23a-d 24a-d 

The structures of the isolated benzylidene compounds 
9,18, and 22 and of the cycloadducts 10, 11,13,16,19, and 
23 were established by lH NMR and I 3 C  NMR spectros- 
copy. The anisotropic effect of the C=O bond causes a 
characteristic downfield shift for 6"-H in the 2 isomer, i.e., 
in 9, 18, and 22. The signal appears at 6 8, well separated 
from other absorptions, and is a very convenient indicator 
of the 2 geometry of the double bond. For unequivocal 
proof, an X-ray structure of 9f was takeng In accord with 
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Figure 2. Kinetic scheme for the intramolecular hetero-Diels- 
Alder reaction of oxa dienes. 

previous investigations10 it was found that the benzylide- 
nepyrazolones 9a,e and 22a with hydrogen at C-5 are more 
stable in the E configuration, whereas 9b-d,f-h, 18, and 
22b-d show a Z configuration in the ground state. 

In the cis-fused cycloadducts loa-h, 13, 16, 19, and 
2 3 a 4 ,  the signal of l lb-H appears as a broad doublet 
(Jllb,Ba = 5-6 Hz) with the couplings to 11-H and some- 
times to 6-He, not being resolved. The latter (Jllb,&q = 
1.3-1.5 Hz) is found for lOa,b,e,f, 13, and 16, i.e., for all 
compounds with hydrogen or methyl at C-1, indicating that 
l lb -H displays a pseudoequatorial orientation, whereas 
the coupling for the cycloadducts lOc,d,g,h and 19 with 
phenyl or tert-butyl a t  C-1 is not observed. Here a pseu- 
doaxial orientation of l lb -H can be assumed. In addition, 
these compounds exhibit a pronounced shift difference for 
the methyl groups a t  C-5 both in 'H and 13C NMR (6eq - 
6, = 0.29-0.43 and 3.4-5.0 respectively). In the isolated 
trans-fused adducts, a large coupling between l lb -H and 
5a-H is observed, e.g., 11.2 Hz for l l b  and 10.5 Hz for 24b. 

The signal of C-5a in loa-h can also serve as indicator 
of the stereochemistry of the ring junction. In all cis-fused 
compounds, the resonance is found in the range of 6 37-41, 
whereas the corresponding signals of the trans isomers 
appear in the range of 6 44-47." 

Configuration and Conformation of the Transition 
State. Both (E)- and (2)-benzylidene compounds yield 
mixtures of trans- and cis-fused cycloadducts. Since we 
can assume that the products are obtained via a concerted 
mechanism,12 the trans adduct has to be formed via an 
exo-E-anti transition state. The endo-2-anti geometry can 
be excluded on grounds of unfavorable steric interactions 
and severe angle strain.2aib,e This means that an inter- 
conversion of the (E/Z)-benzylidene compounds must take 
place during the reaction. Such an isomerization can be 
caused by light (light was not excluded from the reaction 
vessel) or by acid catalysis (EDDA, which was used as 
catalyst for the condensation, contains small amounts of 
acetic acid). For the investigations we used 22a and 22b, 
since they do not undergo cycloaddition a t  room temper- 
ature. Irradiation of a solution of pure (2)-22a and (2)-22b 
respectively in different solvents like ether, acetonitrile, 
heptane, or mixtures of heptane and ether with daylight 
caused isomerization within a few minutes to reach a 
photostationary state, which is solvent dependent 
(photostationary state in heptanelether (3:l): 22a, E / Z  
= 1.1:l; 22b, E / Z  = 0.7:l). A fast reisomerization occurs 
after addition of catalytic amounts of ethylenedi- 
ammonium diacetate in the dark. Without the catalyst 

(9) Data of the X-ray analysis will be published elsewhere. 
(10) (a) Desimoni, G.; Gamba, A,; Righetti, P. P.; Tacconi, G. Gazz. 

Chim. Ita!. 1972,102,491. (b) Maquestiau, A.; van Haverbeke, Y.; Muller, 
R. N. Tetrahedron Lett. 1972, 1147. 

(11) Dalling, D. K.; Grant, D. M. J. Am. Chem. SOC. 1972,94, 5318. 
(12) Tietze, L. F.; Bratz, M.; Machinek, R. J. Org. Chem. 1987, 52, 

1638. 

Table 111. Ratio of Diastereomers 10a/lla Derived from the  
Hetero-Diels-Alder Reaction of Sa in Different Solvents 

and with Different Reaction Temperatures 

rctn temp polarity of 
solvent ' 80 "C 98 "C the solvent 

heptane 3.40 (0.02)b 3.18 (0.09) 0.00 
carbon tetrachloride 4.00 (0.02) 0.18 
dibutyl ether 3.94 (0.01) 3.39 (0,04) 0.25 
benzene 4.03 (0.03) 0.32 
1,2-dichloroethane 4.15 (0.01) 0.49 
dioxane 4.41 (0.01) 0.56 
acetonitrile 4.91 (0.01) 0.65 
acetonitrile/EDDA 5.06 (0.01) - 

isopropyl alcohol 4.82 (0.01) 0.82 
acetic acid 4.92 (0.02) high 

"Plotting the ratio against the polarity of the solvent13 gives an 
*Standard deviation in par- approximately linear correlation. 

entheses. 

Table IV. Hetero-Diels-Alder Reaction of Sa and Sb in 
Heptane at 98 "C 

photo- thermody- 
station- namic 

ratio 10/11 (std deviation) ary state, equilibrium, 
educts with irradn without irradn E 2  E Z  

Sa 3.15 (0.04):l 3.18 (0.09):l 2:l 1 O : l  
Sb 26.4 (1.4):l 27.2 (1.3):l 1:2 1:5 

the isomerization occurs much more slowly (thermody- 
namic equilibrium in heptane/ether (3:l): 22a, E / Z  = 
10.5:l; 22b, E / Z  = 1:5). However, the question remains 
whether path C or path D or both are employed in the 
formation of the cis-annulated cycloadducts (Figure 2). 
According to the kinetic scheme, the ratio of cis and trans 
cycloadducts should depend on the concentration of E and 
Z hetero diene, if the rate constant k3  is small compared 
to k 2  and k ,  and also if k2,  k , ,  and k ,  are of similar mag- 
nitude. However, if k4 is small, the ratio of cis and trans 
cycloadducts should not be influenced by the amount of 
E and Z hetero diene in the reaction mixture. 

In two different sets of experiments, solutions of 9a and 
9b in heptane were irradiated with a mercury high-pressure 
lamp at 20 O C  until the photostationary state was reached 
and then heated to 98 O C  with continued irradiation. At  
intervals the ratio of the formed cis/trans cycloadducts 
10a/lla and 10b/llb respectively as well as of the starting 
material (E/Z)-9a and (E/Z)-9b respectively was deter- 
mined by HPLC in samples taken from the reaction vessel. 

In the second set of similar experiments, solutions of 9a 
and 9b in heptane were heated to 98 "C without irradia- 
tion. I t  shall be noted that not only does the rate of the 
reaction depend on the solvent used and the reaction 
temperature but also the ratio of the diastereomers (Table 
111). Therefore, both sets of experiments-with and 
without irradiation-were carried out in the same solvent 
and at the same temperature. 

The ratio of E and Z hetero dienes in the two sets of 
experiments-with and without irradiation-was found to 
be different; however, it remained constant for a given 
experiment, since kl and k-l >> k,, k3, and kq. On the other 
hand, the ratio of the cis and trans cycloadducts 10a/lla 
and 10b/llb respectively was identical in both sets of 
experiments within experimental error (Table IV). Thus, 
a measurable participation of path D can be excluded; this 
means that an endo-E-syn transition state has a lower 
energy than an exo-Z-syn transition state in the hetero- 
Diels-Alder reaction of hetero dienes of type 9 and pre- 
sumably also of types 3 and 6. 

The conclusions drawn from these experiments are only 
valid if the hetero-Diels-Alder reactions of 9a and 9b 
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proceed under kinetic control. Therefore, the pure cy- 
cloadducts 10a and 10b were kept under reaction condi- 
tions for 24 h. No isomerization was observed. A further 
proof for the E hetero diene being the intermediate in the 
cycloaddition of (2)-benzylidenepyrazolones (2)-9b-h is 
the reaction of 9d with and without irradiation. With 
irradiation, the reaction goes to completion within 30 min 
at  98 "C whereas in the dark, the cycloaddition requires 
4 h at 110 "C. This result can only be explained by an 
isomerization of the 2 to the E double bond prior to the 
cycloaddition, which is fast with irradiation and slow with 
thermal conditions. 

Factors Controlling the Diastereoselectivity. The 
hitherto described experiments have shown that the in- 
tramolecular hetero-Diels-Alder reactions of benzylide- 
nepyrazolones 9 are cis selective due to the lower energy 
of the endo-E-syn transition state. However, i t  is not 
understood whether this depends on the aromatic ring 
system or only on the existence of sp2 hybrids in the chain 
and whether their position has an essential effect on the 
selectivity. We therefore synthesized the alkylidene- 
pyrazolone 27 and the alkylidenedimethylbarbituric acid 
33 and investigated the selectivity in the cycloaddition of 
these compounds. 

The condensation of 25 (E/Z = 2:l by GLC) with Sa-d 
in acetonitrile a t  20 "C with ethylenediammonium acetate 
as catalyst gave 27a-d in high yields. Compounds 27b-d 
were obtained as mixtures of two isomers. Although the 

Tietze et al. 

(13) Snyder, L. R. Principles of Adsorption Chromatography; M. 

(14) Lange, G. L.; Lee, M. Magn. Reson. Chem. 1986, 24. 656 and 
Dekker: New York, 1976; Chapter 8. 

references cited therein. 

Table V. Yields and Ratios of Cvcloadducts 28-30 
educt yield," 90 29 30 28 de,b % 

27a 86 59.9 29.3 10.8' 34.4 
27b 75 85.79 (0.07)d 10.09 (0.07) 4.12 (0.06) 79.8 
27c 80 55.89 (0.07) 23.75 (0.07) 20.36 (0.04) 52.5 
27d 61 87.20 (0.12) 12.80 (0.13) 74.4 

"Yields refer to mixtures of 28-30. bFor the calculation the sum 
of 29 and 28 was used. 'In addition small amounts of four un- 
known compounds were observed in the chromatogram. Values 
in parentheses give standard deviations. 

The corresponding pyrans which may be formed via an 
electrocyclic ring closure were not detected.I6 

The ratio of the products 28-30 was determined by 
HPLC, and the main product 29 was always isolated by 
crystallization. In the case of 27c, all compounds were 
separated by preparative HPLC and their structures de- 
termined by spectroscopy. In all other cases, the structure 
determination of the minor products was done from the 
product mixtures and their chromatographic behavior. 
Always the cis-annulated compound 29 was obtained 
preferentially although the reaction is not as selective as 
the Diels-Alder reaction of 9 (Table V). Compounds 29 
and 30 are obtained under kinetic control, since 29 does 
not isomerize to 30 under reaction conditions. 

31 32 

34 35 36 

In the reaction of 32 and 31, which was prepared from 
the known 2-(2-methyl-l-propenyl)phen01'~ in three steps, 
the alkylidene compound 33 could not be isolated since 
a fast transformation to 44% of the trans Diels-Alder 
product 36 and 22% of a 5.2:l mixture of the diastereo- 
meric ene products 34 and 35 took place already at  room 
temperature. According to the 13C NMR spectra, the 
amount of the cis-annulated Diels-Alder product is far 
below 5 70. 

Again, also 36 is formed in a kinetically controlled 
fashion, since pure 36 does not isomerize under reaction 
conditions. The trans-annulated adducts 30 and 36 show 
a large coupling constant for the hydrogens at  the ring 
junction (e.g., 30a, J5a,9a = 1 2  Hz; 36, J4b,$,b = 11 Hz) and 
an absorption of C-5a and C-4b respectively around 6 45 
(e.g., 30c, 6 46.4; 36, 6 45.7) whereas in the cis-annulated 
compounds 28 and 29 the large coupling constant is absent 
and the absorption of C-5a is found in the range of 6 

The experiments show that in the intramolecular hete- 
ro-Diels-Alder reaction of 1-oxa 1,3-dienes forming an- 
nulated six membered ring systems the hybridization of 
the atoms in the chain has a significant influence on the 
selectivity. In compounds with a double bond conjugated 

39.5-40.2. 

(15) Hively, R. L.; Mosher, W. A.; Hoffmann, F. W. J. Am. Chem. SOC. 
1966,88, 1832. Gaoni, Y.; Mechoulam, R. J .  Am. Chem. SOC. 1966,88, 
5673. 

(16) Tietze, L. F.; v.Kiedrowski, G.; Berger, B. Synthesis 1982, 683 and 
references cited therein. 

(17) (a) Oki, M.; Iwamur, H. Bull. Chem. SOC. Jpn.  1966, 39, 470. (b) 
Shulgin, A. T.; Baker, A. W. J .  Am. Chem. SOC. 1959, 81, 4524. 
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HPLC were purchased from J. T. Baker Chemical Co.; water was 
bidistilled in quartz vessels. Ether was distilled from KOH, 
filtered through basic alumina, and passed through a membrane 
filter (0.2 fim). All HPLC solvents were degassed by application 
of ultrasound prior to use. 

Preparation of 2,4-Dihydro-2-methyl-3H-pyrazol-3-one 
(Se). 4,5-Dihydro-l-methyl-5-oxo-lH-pyrazole-4-carboxylic 
Acid Methyl Ester. A solution of 6.90 g (150 mmol) of me- 
thylhydrazine in 10 mL of dry methanol was added dropwise to 
23.8 g (140 mmol) of dimethyl (methoxymethy1ene)malonate in 
90 mL of methanol. The initial reaction was exothermic, and the 
rate of addition was controlled to achieve gentle reflux. Refluxing 
was continued by heating for an additional 4 h. After cooling to 
room temperature, the solvent was removed under reduced 
pressure and the resulting crystalline material thoroughly washed 
with ether. The yield after drying was 17.3 g (81%). The com- 
pound was used for the following transformations without further 
purification. An analytically pure sample was obtained by 
crystallization from ethanol: mp 125-126 "C; 'H NMR (60 MHz, 
CD30D) 6 3.55 (s, 3 H,NCH3), 3.73 (s, 3 H,0CH3),5.18 (s, 1 H, 

(NCH,), 51.39 (OCH,), 96.28 (C-4), 139.81 (C-51, 156.48 ((2-31, 
165.27 (COOCH,). Anal. Calcd for C6H8N203: C, 46.15; H, 5.16; 
N, 17.94. Found C, 46.32; H, 5.08; N, 17.98. 
2-Methyl-2,4-dihydro-3H-pyrazol-3-one. KOH (10.0 g) was 

dissolved in a mixture of 20 mL of water, 20 mL of ethanol, and 
10.1 g (65 mmol) of 4,5-dihydro-l-methyl-5-oxo-liY-pyrazole-4- 
carboxylic acid methyl ester. The resulting deep red solution was 
heated a t  100 "C for 2 h. Concentrated hydrochloric acid was 
added dropwise (COP evolution) with cooling in an ice bath. The 
resulting acidic mixture (pH 1-2) was heated a t  100 "C for 10 h 
to complete the decarboxylation. The solvent was evaporated 
to dryness a t  reduced pressure, and the KCl/product mixture was 
extracted with ether in a Soxhlet apparatus for 2 days. The 
pyrazolone crystallized from the ethereal solution. The yield was 
5.14 g (81%). An analytically pure sample was obtained by 
crystallization from an ethyl acetate/methanol mixture: mp 
110-111.5 "C; R, 0.26 (methanol/ethyl acetate, 1: lO);  'H NMR 

(s, 1 H, 5-H); 13C NMR (20 MHz, CDC1,) 6 31.96 (NCH,), 88.51 
((2-4, enol), 136.19 (C-5), 157.11 (C-3). Anal. Calcd for C4H6Nz0 
C, 48.97; H, 6.16; N, 28.55. Found: C, 49.12; H, 6.11; N, 28.53. 

Synthes is  of 5- tert -Butyl-2-methyl-2,4-dihydro-3H- 
pyrazol-3-one (Sh). Ethyl 4,4-dimethyl-3-oxopentanoate (14.2 
g, 83 mmol) was dissolved in 60 mL of dry methanol, and 3.9 g 
(85 mmol) of methylhydrazine in 30 mL of methanol was added. 
The mixture was refluxed for 17 h. After cooling to room tem- 
perature, the solvent was removed under reduced pressure. The 
remaining product was thoroughly washed with tert-butyl methyl 
ether and dried in vacuo. The yield was 9.5 g (76%). An ana- 
lytically pure sample was obtained by crystallization from 
methanol: mp 148-149 "C; R, 0.21 (ethyl acetate); 'H NMR (100 

3 H, NCH,); 13C NMR (20 MHz, CDCl,) 6 27.91 (C(CH,),), 30.73 

Anal. Calcd for C8HI4N20: C, 62.31; H, 9.15; N, 18.17. Found: 
C, 62.49; H, 9.08; N, 18.23. 

General Procedure I. Diels-Alder Reaction of Aldehydes 
1,12, and 15 with Pyrazolones Sa-h. Pyrazolone (1.00 mmol) 
and 0.02-0.05 mmol of ethylenediammonium diacetate (EDDA) 
are suspended in 25 mL of dry acetonitrile, and 1.02-1.30 mmol 
of aldehyde in 5 mL of acetonitrile is added. Stirring a t  room 
temperature for 30 min is followed by refluxing of the mixture 
for 16-24 h. After removal of the solvent under reduced pressure, 
the residue is flash chromatographed in the solvent mixture stated 
(35-40 g of SiOz). Yields refer to the isolated mixtures of dia- 
stereoisomers, which are not separable by this method. A sample 
is analyzed by HPLC; the main component is obtained as a single 
isomer by crystallization. 

Reaction of 1 wi th  8a. The diastereomeric mixture, which 
was obtained after flash chromatography in 90% yield, was 
separated (SO2, 0.0634.200 mm, ethyl acetate/petroleum ether, 
1: lO).  The purity of the fractions was checked with HPLC. 

Fraction 1. (5aRS,1 lbRS)-3,5a,6,1 lb-Tetrahydro-5,5-di- 
methyl-3-phenyl-5H-[ l]benzopyrano[ 4',3':4,5]pyrano[2,3- 
clpyrazole (loa): R, 0.09 (ethyl acetate/petroleum ether, 1: lO);  

4-H), 7.57 (s, 1 H, 5-H); 13C NMR (20 MHz, CD3OD) 6 33.23 

(60 MHz, CDZOD) 6 3.50 (9, 3 H, NCH,), 5.46 (9, 2 H, 4-H), 7.27 

MHz, CDC13) 6 1.22 (9, 9 H, C(CH3), 3.20 (s, 2 H, 4-H), 3.29 (s, 

(NCH,), 34.35 (C(CH,)J, 36.88 (C-4), 165.87 (C-5), 172.13 (C-3). 

to the  hetero diene as in 9a-h and 27a-d, the cis-annulated 
adducts are formed preferentially, whereas in hetero dienes 
with double bonds at other positions like 33, the selectivity 
does not differ from the results with aldehydes, which have 
only sp3 hybrids in the chain. In the latter case, the trans 
adduct  is formed nearly exclusively.2h These  results can 
be explained nicely if one assumes that t h e  reactions a re  
goverened first by  stereoelectronic and secondly by  steric 
effects.18 Thus the  dienophile should approach the diene 
along a trajectory with an angle of approximately 109'.19 
Taking  this premise in to  account, Dreiding models show 
that in  an endo-E-syn transit ion s t a t e  t h e  planes of t h e  
pyrazolone and the  aryl group or the double bond in hetero 
dienes 9 and 27 respectively are perpendicular to each 
other. In an exo-E-anti transition state, an angle of 50-60' 
would result. Thus ,  in t h e  la t te r  case a strong steric in- 
teraction between substituents at C-5 (R1) and the phenyl 
group or substituents at C-2' in 9 and 27 respectively would 
exist, causing a cis selectivity of t h e  Diels-Alder reaction 
via an endo-E-syn transit ion state. Th i s  is in agreement  
with t h e  high selectivity in the transformations of 9d as 
well as 15 and 8b. 

Dreiding models of 33 show that there is no  severe steric 
hindrance in the exo-E-anti and the  endo-E-syn transition 
states leading to 36; however, in t he  endo-E-syn transition 
state a favorable approach of t he  dienophile from the  front 
side along a 109' trajectory is not possible for geometrical 
reasons. 

Experimental Section 
Instrumentation. Proton NMR spectra were recorded with 

Varian XL-200, XL-100, HA-100, and EM-360A spectrometers 
and 13C NMR spectra with Varian XL-200 and FT-80A spec- 
trometers. Multiplicities were determined with the APT pulse 
sequence. Chemical shifts are given in 6 units relative to internal 
TMS with the following abbreviations: s = singlet, d = doublet, 
t = triplet, q = quartet, mc = multiplet centered, br = broad, ax. 
= axial, eq = equatorial.20 Mass spectra were measured on a 
Varian MAT 311A instrument (70 eV), with high resolution of 
the molecular ion routinely determined on a Varian MAT 731 
instrument (70 eV). Infrared spectra (KBr, cm-') were recorded 
with a Perkin-Elmer 297 instrument. UV-vis spectra (MeCN, 
A-, nm, (log e)) were taken with a Varian Cary 219 spectrometer. 
Melting points were determined on a Kofler hot stage and are 
corrected. HPLC analysis was accomplished with a Varian LC 
5000 instrument (Vista CDS 401 data system) and a Knauer 
HPLC system (Merck-Hitachi integrator D 2000) using 25 X 0.4 
cm stainless steel columns. Elemental analyses were carried out 
in the analytical laboratory of the university. Photoreactions were 
run in a cylindrical vessel of Duran, using a Heraeus TQ 150 
high-pressure mercury lamp. 

Materials. All solvents were distilled prior to use. Acetonitrile, 
decalin, and heptane used for the Diels-Alder reactions were 
filtered through basic alumina (Alumina Woelm B super I, Fa. 
Woelm Pharma, Eschwege) before use. Products were generally 
isolated by flash chromatography on SiOa (Silica Woelm 32-63 
active, Fa. Woelm Pharma, Eschwege). Pyrazolones were prepared 
according to literatures8 Hexane, heptane, and acetonitrile for 

(18) (a) Bbrgi, H. B.; Dunitz, J. D.; Lehn, J. M.; Wipff, G. Tetrahedron 
1974,30, 1563. (b) Burgi, H. B.; Dunitz, J. D.; Shefter, E. J. Am. Chem. 
SOC. 1973, 95, 5065. 

(19) Asynchronous transition states have already been proposed for 
the inter- and intramolecular Diels-Alder reaction in terms of steric 
hindrance of unsymmetrical addends. (a) Roush, W. R.; Essenfeld, A. P.; 
Warmus, J. S. Tetrahedron Lett. 1987,28,2447. (b) Brown, F. K.; Houk, 
K. N. Tetrahedron Lett. 1985, 26, 2297. (c) Wu, T. C.; Houk, K. N. 
Tetrahedron Lett. 1985,26, 2293. (d) Lin, Y. T.; Houk, K. N. Tetrahe- 
dron Lett. 1985, 26, 2269. (e) Boeckman, R. K., Jr.; KO, S. S. J. Am. 
Chem. SOC. 1982, 104, 1033. (f) Roush, W. R.; Peseckis, S. M. J.  Am. 
Chem. SOC. 1981,103,6696. (9) White, J. D.; Sheldon, B. G. J.  Org. Chem. 
1981, 46, 2273. (h) Taber, D. F.; Campbell, C. C.; Grinn, B. P.; Chin, I. 
C. Tetrahedron Lett. 1981, 22, 5141. 

(20) Additional NMR and HPLC data are available from the thesis 
of Thomas Brumby, Gottingen 1987, FRG. 
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mp 128.5-130 “C (tert-butyl methyl ether); UV 227 (4.20), 246 
(4.22), 272 (sh), 281 (3.65); IR 1600, 1585, 1515, 1260; ‘H NMR 
(200 MHz, CDC1,) 13 1.53 (s, 3 H, 5-CH3 ax.), 1.63 (s, 3 H, 5-CH3 
eq), 2.22 (ddd, J = 11.1 Hz, J = 5.4 Hz, J = 3.6 Hz: 1 H, 5a-H), 
3.83 (t, J = 11.1 Hz, 1 H, 6-H ax.), 4.14 (d, br, J = 5.4 Hz, 1 H, 

eq), 6.88 (dd, J = 8.0 Hz, J = 1.3 Hz, 1 H, 8-H), 7.04 (tdt J = 7.5 
Hz, J = 1.5 Hz, 1 H, 10-H), 7.16-7.34 (m, 2 H, 9-H, 11-H), 7.3+7.56 
(m, 4 H, m-Ph, p-Ph, 1-H), 7.74-7.86 (m, 2 H, o-Ph); MS, m/z 

- C5H9), 247 (2, M - C5H90), 73 (100); exact mass calcd for 
CZ1HzoNzO2 332.1525, found 332.1525. 

Fraction 2. (5aRS,1 lbSR)-3,5a,6,11 b-Tetrahydr0-5,Ei-di- 
methyl-3-phenyl-5H-[ 11 benzopyrano[ 4’,3’:4,5]pyrano[ 2,3- 
clpyrazole ( l la ) :  R 0.08 (ethyl acetate/petroleum ether, 1:lO); 
mp 173-175 “C (tert-6utyl methyl ether); UV 233 (sh), 245 (4.24), 
272 (sh), 281 (3.54); IR 1605,1595, 1515,1230; ‘H NMR (200 MHz, 
CDC1,) 6 1.32 (s, 3 H, 5-CH3 ax.), 1.63 (s, 3 H, 5-CH3 eq), 2.28 
(td, J = 11.5 Hz, J = 3.8 Hz, 1 H, 5a-H), 3.96 (d, J = 11.2 Hz, 
1 H, l lb-H),  4.03 (dd, J = 10.2 Hz, J = 11.3 Hz, 1 H, 6-H ax.), 
4.47 (dd, J = 10.2 Hz, J = 3.9 Hz, 1 H, 6-H eq), 6.89 (dd, J = 8.0 
Hz, J = 1.5 Hz, 1 H,  8-H), 7.01 (td, J = 7.5 Hz, J = 1.2 Hz, 1 H; 
10-H), 7.16-7.36 (m, 2 H, p-Ph, 9-H), 7.40-7.52 (m, 2 H, m-Ph), 
7.60-7.70 (m, 1 H, 11-H), 7.78-7.84 (m, 2 H, o-Ph), 8.29 (s, 1 H, 
1-H); MS, m/z 332 (76, M’), 317 (8, M - CH,), 289 (13,317 - CO), 

exact mass calcd for C21H,oNz02 332.1525, found 332.1525. 
Elemental analysis of the diastereomeric mixture calcd for 

C21H20N202: C, 75.88; H, 6.06; N, 8.43. Found: C,  76.17: H, 6.08: 
N, 8.46. 

Reaction of 1 with 8b. (5aRS,llbRS)-3,5a,6,11b-Tetra- 
hydro-1,5,5-trimethyl-3-phenyl-5H-[ l lbenzopyrano- 
[3’,4’:4,5]pyrano[2,3-~]pyrazole (lob): R, 0.31 (ethyl acetate- 
/petroleum ether, 1:5); reaction time, 18 h yield, 90%; mp 154-156 
“C (tert-butyl methyl ether/hexane); UV 229 (4.15), 255.5 (4.29), 
264.5 (sh), 275 (sh), 283 (3.73); IR 1595, 1575,1265, 1130; ‘H NMR 
(200 MHz, CDC1,) 6 1.54 (s, 3 H,  5-CH3 ax.), 1.57 (s, 3 H, 5-CH, 
eq), 2.17 (9, 4 H, l-CH3), 2.18 (ddd, J = 11.0 Hz, J = 4.0 Hz, J 
= 5.0 Hz, 1 H, 5a-H), 4.10 (t, J = 11.0 Hz, 1 H, 6-H ax.), 4.18 (d, 
br, J = 5.0 Hz, 1 H, l lb-H),  4.46 (ddd, J = 11.0 Hz, J = 4.0 Hz, 
J=1.5Hz,1H,6-Heq),6.84(dd,J=8.1Hz,J=1.1Hz,1H, 
8-H), 6.94 (td, J = 7.4 Hz, J = 1.3 Hz, 1 H, 10-H), 7.16-7.50 (m, 
5 H, 9-H, 11-H, p-Ph and m-Ph), 7.70-7.80 (m, 2 H, o-Ph); MS, 
m/z  346 (82, M’), 331 (2, M - CH,), 303 (12,331 - CO), 278 (100, 

M - C8H8N,), 77 (85, c6H5+). Anal. Calcd for C22H22N202: C,  
76.28; H,  6.40; N, 8.09. Found: C, 76.01; H, 6.66; N, 8.09. 

Reaction of 1 with 8c. (liaRS,llbRS)-3,5a,6,11b-Tetra- 
hydro-5,5-dimethyl-l,3-diphenyl-5H-[ 1 ] benzopyrano- 
[4’,3’:4,5]pyrano[2,3-c Ipyrazole (10c): R, 0.31 (chloroform/ 
ether/petroleum ether, 2:1:8); reaction time, 22 h; yield, 86%; mp 
182-183 “C (chloroform); UV 218 (sh), 228 (sh), 274 (4.39), 283 
(sh), 328 (3.07); IR 1600, 1570, 1510; ‘H NMR (200 MHz, CDC13) 
6 1.29 (s, 3 H, CH3 ax.), 1.65 (s, 3 H, CH, eq), 2.38-2.41 (m, 1 H, 
5a-H), 4.2C-4.60 (AB part of an ABX system, 2 H, 6-H, fiA 4.42,& 

Hz, 1 H, Ilb-H), 6.51-6.59 (m, 1 H, 10-H), 6.70-6.75 (m, 1 H, 8-H), 
6.86-6.90 (m, 1 H,  11-H), 6.98-7.07 (m, 1 H, 9-H), 7.20-7.50 (m, 
6 H, m-1-Ph, m-3-Ph, p-1-Ph, p-3-Ph), 7.73-7.89 (m, 4 H, o-1-Ph, 
o-s-ph); MS, nile 408 (31, M’), 393 (1, M - CH,), 365 (5, 393 - 

276 (6, M - C8HgO), 77 (32, C6H5+), 43 (100). Anal. Calcd for 
CZ7HWN2O2: C, 79.39; H, 5.92; N, 6.86. Found: C. 79.57; H; 5.94; 
N, 6.90. 

(BaRS,llbRS)-1-tert-Butyl- 
3,5a,6,11 b-tetrahydro-5,5-dimethyl-3-phenyl-5H-[ 1 Ibenzo- 
pyrano[4’,3’:4,5]pyrano[2,3-c]pyrazole (10d): R, 0.24 (ether- 
/petroleum ether, 1: lO);  reaction time, 15 h; yield, 80%; mp 
149-151 “C (tert-butyl methyl ether); UV 235 (sh), 254 (4.25), 
274 (sh), 283 (3.37); IR 1600,1590,1575,1515; ‘H NMR (200 MHz, 
CDC1,) 6 1.09 (s, 3 H, 5-CH3 ax.), 1.37 (s, 9 H, I-t-Bu), 1.51 (s, 

llb-H),4.43(ddd,J=11.1H~,J=3.6H~,J=l.5H~,1H,6-H 

332 (13, M’), 289 (3, M - CBH;), 264 (31, M - CjH,), 263 (14, M 

264 (100, M - CSH,), 263 (76, M - C5Hy), 247 (9, M - CbHgO); 

M - C5H8), 277 (47, M - CsHy), 261 (25, M - CsHgo), 214 (18, 

4.54, JAB = 12 Hz, J A X  = 4.2 Hz, J B X  = 4.0 Hz), 4.61 (d, J = 6.0 

CO), 340 (77, M - CjHB), 339 (72, M - C,Hg), 323 (4, M - C,H,O), 

Reaction of 1 with 8d. 

3 H, 5-CH3 eq), 2.40 (td, J l l b , j a  = Jsaa,,ba = 5.0 HZ, J G ~ ~ , ~ ,  = 6.5 
Hz, 1 H,  5a-Hj, 4.29 (dd, Jba,GaX, = 5.0 Hz, J,3eq,6ar, = 12.0 Hz, 1 
H, 6-H ax.), 4.34 (d, br, Jja,llb = 5.0 Hz, 1 H, l l b -H) ,  4.56 (dd, 
Jjs,Geq = 6.5 Hz, J6ax.,6eq = 12.0 Hz, 1 H. 6-H eq), 6.82 idd, J = 
8.0 Hz, J = 1.2 Hz, 1 H, 8-H), 6.93 (td. *J = 7.5 Hz. J = 1.5 Hz, 

Tietze e t  al. 

1 H, 10-H), 7.12-7.27 (m, 2 H, 9-H and 11-H), 7.32-7.48 (m, 3 H, 
m- and p-Ph), 7.79-7.88 (m, 2 H, o-Ph); MS, m/z 388 (91, M+), 

(46, M - C5H9), 305 (13, 320 - CH,), 303 (12, M - C5H90). Anal. 
Calcd for CSHzsNz02: C, 77.29; H, 7.26; N, 7.21. Found: C, 77.26; 
H, 7.21; N, 7.21. 

Reaction of 1 with 8e. (5aRS,llbRS)-3,5a,6,11b-Tetra- 
hydro-3,5,5-trimethy1-5H-[ l]benzopyrano[ 4’,3’:4,5]pyrano- 
[2,3-c]pyrazole (loe): Rf0.29 (ether); reaction time, 14 h; yield, 
90%; mp 139.5-141.5 “C (ethyl acetate); UV 218 (4.08), 267 (sh), 
276 (3.41), 283 (3.14); IR 1592, 1540, 1495, 1260; ‘H NMR (200 
MHz, CDC1,) 6 1.46 (s, 3 H, 5-CH3 ax.), 1.58 (s, 3 H, 5-CH, eq), 
2.17 (ddd, J = 11.0 Hz, J = 3.6 Hz, J = 5.4 Hz, 1 H, 5a-H), 3.62 
(s, 3 H, 3-CH3), 3.74 (t, J = 11.0 Hz, 1 H, 6-H ax.), 4.08 (d, br, 
J = 5.4 Hz, 1 H, l lb-H),  4.39 (ddd, J = 11.0 Hz, J = 3.6 Hz, J 
= 1.5 Hz, 1 H, 6-H eq), 6.84 (dd, J = 8.1 Hz, J = 1.4 Hz, 1 H, 

373 (3, M - CH,), 345 (9, 373 - CO), 320 (100, M - C5H,), 319 

8-H), 6.99 (td, J = 7.4 Hz, J = 1.4 Hz, 1 H, 10-H), 7.17 (ddd, J 
= 8.1 Hz, J = 7.4 Hz, J = 1.7 Hz, 1 H, 9-H), 7.27 (s, 1 H, 1-H), 
7.41 (dd, J = 7.4 Hz, J = 1.7 Hz, 1 H, 11-H); MS, m / z  270 (60, 
M+), 255 (2, M - CH,), 253 (3, M - OH), 227 (17,255 -- N, or CO), 

(27, C5Hg+). Anal. Calcd for C16H,,N202: C, 71.09; H, 6.71; N, 
10.36. Found: C, 70.86; H, 7.01; N, 10.40. 

Reaction of 1 with 8f. (5aRS,llbRS)-3,5a,6,11b-Tetra- 
hydro- 1,3,5,5-tetramethyl-5H-[ l]benzopyrano[ 4’,3’:4,5]- 
pyrano[2,3-c]pyrazole (10f): R, 0.30 (ether); reaction time, 21 
h; yield, 86%; mp 13+140 “C (chloroform/hexane); UV 218 (4.04), 
224 (sh), 268 (sh), 284 (3.43); IR 1585, 1575, 1500, 1265, 1230; ‘H 
NMR (200 MHz, CDCl,) 6 1.37 (s, 3 H, 5-CH3 ax.), 1.42 (s, 3 H, 
5-CH, eq), 1.96-2.07 (m, 1 H, 5a-H), 2.01 (s, 3 H, 1-CH,), 3.49 
(s, 3 H, 3-CH3), 3.87 (t, J5a,6ar, = J6eq,6u. = 11.0 Hz, 1 €3, 6-H ax.), 
4.02 (d, br, J j a , l l b  = 5.0 Hz, 1 H, l lb-H),  4.23 (ddd, Jk,,6eq = 11.0 
Hz, J5a,6eq = 4.0 Hz, Jl1b,eeq = 1.4 Hz, 1 H, 6-H eq), 6.77-6.96 (m, 
2 H, 8-H and 10-H), 7.10-7.22 (m, 1 H, 9-H), 7.34-7.42 (m, 1 H, 
11-H); MS, m/z  284 (54, M+), 269 (1, M - CH,), 241 (15, 269 - 

C5H90), 187 (5, 215 - CO), 91 (20, C7Hi+), 69 (21, C5Hy’). Anal. 
Calcd for C17H&J202: C, 71.81; H, 7.09; N, 9.85. Found: C, 71.71; 
H, 7.17; N, 9.85. 

Reaction of 1 with 8g. (5aRS,llbRS)-3,5a,6,11b-Tetra- 
hydro-3,5,5-trimethyl-l-phenyl-5H-[ l lbenzopyrano- 
[4’,3’:4,5]pyrano[2,3-~]pyrazole (log): R, 0.30 (tert-butyl methyl 
ether/petroleum ether, 1:l); reaction time, 16 h; yield, 83%; mp 
151-152 “C (ethyl acetate); UV 226 (sh), 232 (sh), 254 (4.20), 284 
(3.82); IR 1590, 1570, 1540, 1260; ‘H NMR (200 MHz, CDC1,) 6 
1.21 (s, 3 H, 5-CH3 ax.), 1.59 (s, 3 H, 5-CH, eq), 2.28 (td, J = 6 
Hz, J = 4 Hz, 1 H, 5a-H), 3.69 (s, 3 H, NCH3), 4.34-4.60 (m, 3 
H, l lb-H, 6-H), 6.5C-6.60 (m, 1 H, lO-H), 6.7C-6.78 (m, 1 H, 8-H), 
6.84-6.92 (m, 1 H, 11-H), 6.96-7.10 (m, 1 H, 9-H), 7.30-7.46 (m, 
3 H, m-Ph, p-Ph), 7.64-7.78 (m, 2 H, o-Ph); MS, m / z  346 (28, 

277 (100, M .- C5Hg), 261 (11, M - CjH90j. Anal. Calcd for 
C22H22N202: C, 76.28; H, 6.40; N, 8.09. Found: C, 76.40; H, 6.34; 
N, 8.15. 

Reaction of 12 with 8b. (BaRS,llbRS)-8,1O-Dibromo- 
3,5a,6,1 lb-tetrahydro-1,5,5-trimethyl-3-phenyl-5H-[ I]-  
benzopyrano[4’,3’:4,5]pyrano[2,3-c]pyrazole (13): R, 0.32 
(ethyl acetate/petroleum ether, 15); reaction time, 3 h; yield, 89%; 
mp 202-204 “ C  (ethyl acetate); UV 238 (4.27), 251 (4.26), 288.5 
(3,581,297 (3.56); IR 1600,1570,1515; ‘H NMR (200 MHz, CDC1,) 

2.10-2.24 (m, 1 H, 5a-H), 4.12 (t, J = 11.0 Hz, 1 H, 6-H ax.), 4.17 
(d, br, J = 4.0 Hz, 1 H,  l lb-H),  4.61 (ddd, J = 11.0 Hz, J = 4.0 
Hz, J = 1.5 Hz, 1 H, 6-H eq), 7.20-7.30 (m, 1 H,p-Ph),  7.26-7.45 
(m, 2 H, m-Ph), 7.51 (dd, J = 2.2 Hz, J = 0.6 Hz, 1 H, 11-H), 7.59 
(d, J = 2.2 Hz, 1 H, 9-H), 7.67-7.74 (m, 2 H, o-Ph); MS, m/z 502 

C5HgO), 44 (100). Anal. Calcd for CzzHzoN20zBr,: C, 52.41; H, 
4.00; N, 5.56; Br, 31.70. Found: C, 52.27; H, 4.00; N, 5.52; Br, 
31.75. 

Reaction of 15 with 8b. (5aRS,13cRS)-3,5a,6,1lb-Tetra- 
hydro-1,5,5-trimethyl-3-phenyl-5H-naphtho[ 1”,2”:5’,6’]- 
pyran0[4’,3’:4,5]pyrano[2,3-~]pyrazole (16): R, 0.25 (ether/ 
petroleum ether, 1:3); reaction time, 18 h; yield, 85%; mp 189-190 
“C (ethyl acetate); UV 209 (sh), 234 (4.80), 255 (4.341, 265 (sh), 
276 (sh), 289 (3.69), 322 (3.43), 336 (3.51); IR 1625, 1600, 1570, 

202 (100, M - CjHs), 201 (35, M - C5H9), 185 (22) ,  172 (ll), 69 

CO), 216 (100, M - C5H8), 215 (81, M - CjH9), 199 (39, M - 

M+), 331 (2, M - CH,), 303 (6, M - CH3 - CO), 278 (55, M - C5HB), 

6 1.53 (s, 3 H, 5-CH3), 1.55 (s, 3 H, 5-CH3), 2.18 (s, 1 H, l-CH3), 

(19, M+), 434 (45, M - CbH,), 433 (12, M - CjHg), 417 (10, M - 
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1495, 1260; ‘H NMR (200 MHz, CDCl,) 6 2.34 (9, 3 H, 5-CH,), 
4.62-4.70 (m, 2 H, CHz),5.30-5.54 (m, 2 H,=CH2), 5.59-6.20 (m, 
1 H, CH,CH=), 6.90-6.98 (m, 1 H, 3”-H), 7.02-7.24 (m, 2 H, 4”-H, 
5”-H), 7.36-7.56 (m, 3 H, m-Ph, p-Ph), 7.94-8.04 (m, 2 H, o-Ph), 

MS, m / z  318 (100 M’), 303 (22, M - CH,), 277 (15, M - C3H5), 
261 (70, M - C&O), 77 (80, c6H5’). Anal. Calcd for CJ-I18NzOp: 
C, 75.45; H, 5.70; N, 8.80. Found: C, 75.35; H, 5.78; N, 8.84. 
Reaction of 21 with 8c. 2,4-Dihydro-2,5-diphenyl-4-[[2- 

(2-propenyloxy)phenyI]methylene]-3~-pyrazo~-3-one (22c): 
Rf 0.26 (ether/petroleum ether, 1:3); reaction time, 90 min; yield, 
73%; mp 123-125 “C (ethyl acetate); UV 267 (4.32), 319 (4.07), 
328 (sh), 379 (4.13), 438 (3.33); IR 1675, 1590, 1495,1255; ‘H NMR 

5.18-5.36 (m, 2 H, =CHJ,  5.86-6.10 (m, 1 H, CH=CH,), 6.80-7.30 
(m, 3 H, 3”-H, 4”-H, 5”-H), 7.38-7.63 (m, 6 H, m-2-Ph, p-2-Ph, 
m-5-Ph, p-bPh),  7.68-7.82 (m, 2 H, o-s-ph), 8.02-8.16 (m, 2 H, 

H, 6/’-H); MS, m/z 380 (89, M’), 365 (17, M - CH,), 339 (10, M 
- C3H5), 323 (53, M - C3H50), 77 (100, C6H5’). Anal. Calcd for 
C25H20N202: C, 78.93; H, 5.30; N, 7.36. Found: C, 78.91; H, 5.20; 
N, 7.32. 

5-tert -Butyl-2,4-dihydro-2- 
p henyl-4-[ [ 2- (2-propeny1oxy)phenyllmet hylene1-3H - 
pyrazol-3-one (22d): R, 0.35 (ether/petroleum ether, 1:4); re- 
action time, 170 min; yield, 92%; mp 126-128 “C (tert-butyl 
methyl ether); UV 249 (4.35), 310 (4.12), 377 (4.11), 415 (sh); IR 
1680,1600,1595,1502,1255; ‘H NMR (100 MHz, CDC1,) 6 1.48 
(s, 9 H, C(CH,),), 4.52-4.64 (m, 2 H,=CHp), 5.84-6.28 (m, 1 H, 
CH,CH=), 6.80-7.52 (m, 6 H, 3”-H, 4”-H, 5”-H, m-Ph, p-Ph), 
7.92-8.06 (m, 2 H, o-Ph), 8.37 (d, J = 0.5 Hz, 1 H, l’-H), 8.84 (dd, 
J = 8 Hz, J = 2 Hz, 1 H, 6”-H); MS, m/z 360 (58, M’), 345 (13, 

57 (38). Anal. Calcd for C23Hz4Nz02: C, 76.64; H, 6.71; N, 7.77. 
Found: C, 76.62; H, 6.79; N, 7.83. 
Reaction of 1 with Sa. 2,4-Dihydro-4-[ [2-[ (3-methyl-2- 

butenyl)oxy]phenyl]methylene]-2-phenyl-3H-pyrazol-3-one 
(sa): R, 0.38 (ether/petroleum ether, 1:2); reaction time, 30 min, 
yield, 83%; mp 86-87 “C (ether/hexane); UV 248 (4.32), 314 (4.18), 
375 (4.14), 412 (sh); IR 1715,1625,1605,1505,1255; ‘H NMR (60 
MHz, CDC1,) 6 1.75 (s, br, 6 H, CH,), 4.60 (d, br, J = 7 Hz, 2 H, 
CH2), 5.47 (m, 1 H, CH,CH=), 6.80-7.80 (m, 7 H, 2”-H, 3”-H, 
4”-H, 5”-H, m-Ph,p-Ph), 7.80-8.15 (m, 3 H, o-Ph, 5-H), 8.21 (9, 

1 H, 1’-H); MS, m / z  332 (37, M’), 317 (2, M - CH3), 289 (8, 317 

CbHgO). Anal. Calcd for C21H20N202: C, 75.88; H, 6.06; N, 8.43. 
Found: C, 75.96; H, 6.20; N, 8.43. 
Reaction of 1 with 8b. 2,4-Dihydro-5-methyl-4-[[2-[(3- 

methyl-2-butenyl)oxy]phenyl]methylene]-2-p henyl-3H- 
pyrazol-3-01ke (9b): R, 0.27 (chloroform/hexane, 3:2); reaction 
time, 18 h; yield, 24%; mp 102-104 “C (ether/hexane); UV 249 
(4.26), 310 (4.07), 338 (sh), 370 (4.13), 418 (sh); IR 1680,1610, 1595, 
1250; ‘H NMR (60 MHz, CDC1,) 6 1.70-1.80 (m, 6 H, =C(CH3),), 
2.32 (s, 3 H, 5-CH3), 4.60 (d, br, J = 7 Hz, 2 H, CHJ, 5.53 (mc, 
1 H, CH,CH), 6.80-7.70 (m, 5 H), 7.90-8.13 (m, 3 H), 9.17 (dd, 
J = 8 Hz, J = 2 Hz, 1 H,  6”-H); MS, m/z 346 (31, M’), 331 (2, 

- C5H9), 261 (57, M - C5H90). Anal. Calcd for C2~H22N202: C, 
76.28; H, 6.40; N, 8.09. Found: C, 76.17; H, 6.46; N, 8.17. 
Reaction of 1 with 8f. 2,4-Dihydro-2,5-dimethyl-4-[[2- 

[ (3-methyl-2-butenyl)oxy]phenyl]methylene]-3H-pyrazol- 
$one (9f): R, 0.27 (ether/pentane, 1:l); reaction time, 45 min; 
yield, 54%; mp 74-76 “C (ether/hexane); UV 244 (3.83), 304 (4.10), 
312 (sh), 363 (3.99), 402 (sh); IR 1670, 1610, 1600, 1490, 1260; ‘H 
NMR (80 MHz, CDCl,) 6 1.60-1.85 (m, 6 H, =C(CH,),), 2.20 (s, 
3 H, 5-CH3), 3.34 (s, 3 H, 2-CH3), 4.57 (d, J = 7 Hz, 2 H, CHJ, 
5.43 (mc, 1 H, CH,CH=), 6.75-7.50 (m, 3 H, 3”-H, 4”-H, 5”-H), 

m / z  284 (10, M’), 269 (1, M - CH,), 241 (2, 269 - CO), 216 (68, 

- CO), 123 (14,199 - C6H4), 69 (84, C5Hg+), 41 (100). Anal. Calcd 
for C17H20N202: C, 71.81; H, 7.09; N, 9.85. Found: C, 71.84; H, 
7.10; N, 9.93. 
Reaction of 1 with 8h. 5-tert-Butyl-2,4-dihydro-2- 

methyl-4-[ [2-[ (3-methyl-2-butenyl)oxy]phenyl]- 
methylene]-3H-pyrazol-3-one (9h): R, 0.40 (ethyl acetate/ 

8.07 (s, 1 H, =CH), 9.18 (dd, J = 8.0 Hz, J = 2.0 Hz, 1 H, 6”-H); 

(200 MHz, CDC13) 6 4.56 (dt, J = 5.0 Hz, J = 1.5 Hz, 2 H, CHJ, 

0-2-Ph), 8.37 (8, 1 H, l’-H), 9.19 (dd, J = 8.0 Hz, J = 2.0 Hz, 1 

Reaction of 21 with 8d. 

M - CH,), 303 (100, M - C3H50), 91 (17, CVH~’), 77 (45, C6H5’), 

- CO), 264 (100, M - C5H8), 263 (46, M - C5Hg), 247 (6, M - 

M - CH,), 303 (7, 303 - CO), 278 (100, M - C5Hs), 277 (61, M 

7.88 (9, 1 H, 1’-H), 9.15 (dd, J = 8 Hz, J = 2 Hz, 1 H, 6”-H); MS, 

M - C5H,), 215 (93, M - C5H9), 199 (48, M - C5Hg0), 187 (5,215 

1515; ‘H NMR (200 MHz, CDC13) 6 1.50 (s, 3 H, l-CH3), 1.62 (s, 

Hz, 1 H, 5a-H), 4.09 (dd, J = 12.0 Hz, J = 11.0 Hz, 1 H, 6-H, ax.), 
4.28(ddd,J=ll.OHz,J=4.OHz,J=1.5Hz,1H,6-Heq),4.77 
(d, br, J = 4.0 Hz, 1 H, 13c-H), 7.07 (d, J = 9.0 Hz, 1 H, 8-H), 
7.14-7.88 (m, 9 H, Ar H), 8.12 (d, br, J = 8.5 Hz, 1 H, 13-H); MS, 
m / t  396 (55 ,  M+), 353 (11, M - C3H7), 328 (100, M - C5H8), 311 
(42, M - C5HgO). Anal. Calcd for C2sHuN202: C, 78.76; H, 6.10; 
N, 7.07. Found: C, 78.75; H, 6.19; N, 7.07. 
General Procedure 11. Cyclization of 9h and 18. The hetero 

diene and a few crystals of hydroquinone were dissolved in dry 
toluene. The solution was purged with argon and heated to reflux 
for the time given below. Workup followed procedure I. 
Cyclization of 9h. (QaRS,llbRS)-l-tert -Butyl- 

3,5a,6,11 b-tetrahydro-3,5,5-trimethyl-5H-[ 1 lbenzopyrano- 
[4’fi4,5]pyrano[2,3-~]pyrazole (10h): R, 0.29 (ether/petroleum 
ether, 2:l); reaction time, 4 h; yield, 79%; mp 157-158 “C 
(tert-butyl methyl ether); UV 216 (sh), 270 (sh), 276 (3.34), 283 

3 H, 5-CH3), 1.65 (9, 3 H, 5-CH3), 2.18 (dt, J = 12.0 Hz, J = 4.0 

(3.23); IR 1605,1585,1565, 1535,1250; ‘H NMR (200 MHz, CDCl,) 
6 1.02 ( ~ , 3  H, 5CH3 ax.), 1.31 ( ~ , 9  H, C(CH3)3), 1.45 (9, 3 H, 5-CH3 
eq), 2.31 (dt, J = 6 Hz, J = 5 Hz, 1 H, 5a-H), 3.59 (s,3 H, 3-CH,), 
4.20-4.30 (m, 2 H, l lb -H,  6-H ax.), 4.52 (dd, J = 1 2  Hz, J = 6 
Hz, 1 H, 6-H eq), 6.78 (dd, J = 8 Hz, J = 1.3 Hz, 1 H, 8-H), 6.90 
(td, J = 7.5 Hz, J = 1.3 Hz, 1 H, 10-H), 7.14 (mc, 1 H, 9-H), 7.32 
(d, br, J = 7.5 Hz, 1 H, 11-H); MS, m/z 326 (48, M’), 311 (3, M 

243 (26, M - C5H9N), 241 (48, M - C5H90). Anal. Calcd for 
CdzsN2O2:  C, 73.59; H, 8.03; N, 8.58. Found: C, 73.65; H, 7.99; 
N, 8.66. 

Compound 10h was obtained within 30 min in 90% yield, when 
the reaction mixture in heptane was irradiated with a mercury 
high-pressure lamp (Hanau, TQ 150) a t  98 “C. 
Cyclization of 18. (5aRS,llbRS)-5a,llb-Dihydro-5,5-di- 

methyl-l-phenyl-BH,GH-[ l]benzopyrano[4’,3’:4,5]pyrano- 
[3,2-d]isoxazole (19): R, 0.35 (ether/petroleum ether, 1:l); 
reaction time, 12 h; yield, 87%; mp 189-191 “C (methanol); UV 
218 (4.20), 238 (sh), 275 (3.49), 283 (3.38); IR 1625; ‘H NMR (200 
MHz, CDC1,) 6 1.37 (s, 3 H,  5-CH3 ax.), 1.66 (s, 3 H, 5-CH3 eq), 
2.32 (td, J = 5.6 Hz, J = 4.0 Hz, 1 H, 5a-H), 4.29 (dd, J = 12.0 
Hz, J = 5.6 Hz, 1 H, 6-H ax.), 4.41 (d, br, J = 5.6 Hz, 1 H, llb-H), 
4.51 (dd, J = 12.0 Hz, J = 4.0 Hz, 1 H, 6-H eq), 6.46- 6.82 (m, 
3 H, 8-H, 10-H, 11-H), 7.06 (mc, 1 H, 9-H), 7.36-7.70 (m, 5 H, 
Ph); MS, m / z  333 (55,  M+), 318(2, M - CH,), 290 (7, 318 - CO), 

(100, C7H50+). Anal. Calcd for CZ1Hl9NO3: C, 75.66; H, 5.74; 
N, 4.20. Found: C, 75.67; H, 5.77; N, 4.24. 
General Procedure 111. Synthesis of the Benzylidene- 

pyrazolones. Pyrazolone (3.00 mmol) and 0.06-0.15 mmol of 
ethylenediammonium diacetate (EDDA) are suspended in 25 mL 
of dry acetonitrile, and 3.15-3.60 mmol of aldehyde in 5 mL of 
acetonitrile is added. The pyrazolone dissolves quickly, and the 
solution becomes red. Stirring at  room temperature is continued 
until no pyrazolone is detected by TLC. The solvent is removed 
under reduced pressure, the residue is purified by flash chro- 
matography in the solvent stated, and the resulting oil is crys- 
tallized. Yields refer to crystalline materials. Compounds 9a,b,f 
and 18 are not stable to silica. These benzylidenepyrazolones were 
isolated by crystallization in the solvent given after removal of 
the acetonitrile under reduced pressure. 
Reaction of 21 with Sa. 2,4-Dihydro-2-phenyl-4-[[2-(2- 

propenyloxy)phenyl]methylene]-3H-pyrazol-3-one (22a): R, 
0.23 (ether/petroleum ether, 1:3); reaction time, 60 min; yield, 
85%; mp 86-88 “C (tert-butyl methyl ether); UV 208 (sh), 249 
(4.28), 253 (sh), 314 (4.19), 372 (4.15), 412 (3.71); IR 1705, 1625, 
1600,1504,1250; ‘H NMR (100 MHz, CDC13) 6 4.58-4.70 (m, 2 
H, CHd, 5.22-5.55 (m, 2 H, =CH2), 5.86-6.27 (m, 1 H, CH,CH=), 
6.86-7.70 (m, 7 H, 3”-H to 6”-H, m-Ph, p-Ph), 7.90-8.06 (m, 3 
H, 5-H and o-Ph), 8.23 (s, 1 H, 1’-H); MS, m/z 304 (100, M’), 

(64, c6H5+). Anal. Calcd for C19H16N202: c, 74.98; H,  5.30; N, 
9.20. Found: C, 75.01; H, 5.31; N, 9.30. 
Reaction of 21 with 8b. 2,4-Dihydro-5-methyl-2-phenyl- 

44 [2-(2-propenyloxy)phenyl]methylene]-3H-pyrazol-3-one 
(22b): R, 0.22 (ether/petroleum ether, 1:4); reaction time, 120 
min; yield, 79%; mp 108-112 “C (methanol); UV 249 (4.34), 256 
(sh), 312 (4.20), 325 (sh), 363 (4.17), 440 (sh); IR 1685,1615,1590, 

- CH,), 283 (9, M - C3H7), 258 (100, M - C5Hs), 257 (61, M - C5H9), 

265 (51, M - C5H,), 264 (4, M - C5H9), 248 (3, M - CsHgO), 105 

289 (19, M - CH3), 263 (10, M - C3H5), 247 (40, M C & , O ) ,  77 
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petroleum ether, 15); reaction time, 240 min; yield, 86%; mp 46-49 
OC (hexane); UV 245 (3.76), 304 (4.03), 310 (sh), 3.62 (3.93), 404 

6 1.41 (s, 9 H, C(CH,),), 1.74 (s, br, 3 H,  =CCH3), 1.80 (s, br, 3 
H,=CCH3), 3.37 (s, 3 H, NCH,), 4.61 (d, b r , J  = 7 Hz, 2 H, CH,), 
5.51 (mc, 1 H, CH,CH=), 6.90-7.10 (m, 2 H, 5”-H, 3”-H), 7.48 

H, l’-H), 8.99 (dd, J = 8.0 Hz, J = 2.0 Hz, 1 H, 6”-H); MS, m/z 

(sh); IR 1675,1610,1595,1490,1250; ‘H NMR (200 MHz, CDC13) 

(ddd, J = 8.5 Hz, J = 7.5 Hz, J = 2.0 Hz, 1 H, 4”-H) 8.37 (s, 1 

326 (23, M’), 311 (9, M - CH3), 283 (10, 311 - CO), 258 (93, M 
- CSH,), 257 (100, M - C5H9), 241 (75, M - CbHgO), 201 (31,258 
- C4H9), 69 (C,Hg+), 57 (43, C4Hg+). Anal. Calcd for C20Hz,N20z: 
C, 73.59; H, 8.03; N, 8.58. Found: C, 73.74; H, 8.00; N, 8.68. 

Reaction of la with 17. 4-[[2-[(3-Methyl-2-butenyl)oxy]- 
phenyl]methylene]-3-phenylisoxazol-5[4H]-one (18): R, 0.43 
(ether/pentane, 1:l); reaction time, 60 min; yield, 92%; mp 
117-119 OC (methanol); UV 215 (sh), 241 (sh), 308 (3.90), 395 
(4.06); IR 1756, 1615, 1600, 1260; ‘H NMR (100 MHz, CDC13) 6 
1.71 (s, 3 H, CH, cis), 1.81 (9, 3 H, CH3 trans), 4.58 (d, J = 7 Hz, 
2 H,CHz),5.40 (mc, 1 H,CH,CH=), 6.98 ( d , J  = 8 Hz, 1 H, 3”-H), 
7.10 (t, J = 8 Hz, 1 H, 5”-H), 7.40-7.80 (m, 6 H, 4/’-H, Ph-H), 

m / t  333 (15, M’), 318 (1, M - CH,), 290 (2, 318 - CO), 265 (37, 

- CO). Anal. Calcd for C21H19N03: C, 75.66; H, 5.74; N, 4.20. 
Found: C, 75.31; H, 5.66; N, 4.07. 

General Procedure IV. Cyclization of the Benzylidene- 
pyrazolones 22. A few crystals of hydroquinone and 0.5-2.3 mmol 
of benzylidenepyrazolone are suspended in 30 mL of dry decalin. 
The apparatus is purged with argon, and the mixture is refluxed 
for the time stated. After cooling to room temperature, the 
resulting orange to brown solution is filtered through basic alu- 
mina. The absorbent is washed with ca. 200 mL of petroleum 
ether. The product is then eluted with ethyl acetate; 200-300 
mL, is used to ensure complete recovery. A sample of this solution 
is analyzed by HPLC. Often the Diels-Alder adduct is obtained 
analytically pure by simple crystallization. Otherwise the product 
is purified by flash chromatography in the solvent given, followed 
by crystallization. Yields refer to crystalline materials. 

Reaction of 22a. (5aRS,llbSR)-3,5a,6,1lb-Tetrahydro-3- 
phenyl-5Hi-[ l]benzopyrano[4’,3’:4,5]pyrano[2,3-c Ipyrazole 
(23a): R, 0.27 (ether/petroleum ether, 1:2); reaction time, 3 h; 
yield, 74%; mp 122.5-125 “C (ethyl acetate/hexane); UV 229 
(4.13), 246 (4.17), 265 (sh), 272 (sh), 282 (3.51); IR 1602,1582, 1517, 
1495, 1415; ‘H NMR (200 MHz, CDC13) 6 2.57 (mc, 1 H, 5a-H), 
4.14-4.60 (m, 5 H, 5-H, 6-H, llb-H), 6.85 (dd, J = 8 Hz, J = 1.5 

(m, 2 H, 9-H, 11-H), 7.36-7.54 (m, 3 H,  m-Ph, p-Ph), 7.62 (s, 1 
H, 1-H), 7.70-7.80 (m, 2 H, o-Ph); MS, m/z 304 (100, M’), 289 

C9HeNz+). Anal. Calcd for C19H16Nz0z: C, 74.98; H, 5.30; N, 9.20. 
Found: C, 75.05; H, 5.18; N, 9.30. 

Reaction of 22b. (BaRS, 1 1 bSR ) -3,5a,6,11 b-Tet rahydro- 1 - 
methyl-3-phenyl-5H-[ l]benzopyrano[4/,3/:4,5]pyrano[2,3- 
clpyrazole (23b): R, 0.30 (ethyl acetate/hexane, 1:3); reaction 
time, 3 h; yield, 75%; mp 152-154 “C (tert-butyl methyl ether/ 
hexane); UV 222 (4.15), 253 (4.27), 272 (sh), 282 (3.60); IR 1595, 

H,  l-CH3), 2.40-2.56 (m, 1 H,  5a-H), 4.14 (d, br, J = 5.0 Hz, 1 
H, Ilb-H),  4.32 (dd, J = 11.0 Hz, J = 10.0 Hz, 1 H, 6-H ax.), 
4.32-4.46 (AB part of an ABX system, 2 H, 5-H, B A  4.37, 6~ 4.41, 

= 3.5 Hz, J = 1.0 Hz, 1 H, 6-H eq), 6.81 (dd, J = 8.0 Hz, J = 1.0 

7.08-7.46 (m, 5 H, 9-H, 11-H, m-Ph,p-Ph),  7.68-7.77 (m, 2 H, 
o-Ph); MS, m/z 318 (74, M’), 303 (8, M - CH3), 261 (6, M - 
C3H,0), 145 (100). Anal. Calcd for CmHl8NZO2: C, 75.45; H, 5.70; 
N, 8.80. Found: C, 75.32; H, 5.75; N, 8.71. 

Fifty-five milligrams of the diastereomeric mixture was chro- 
matographed on silica gel (0.063-0.200 mm; ethyl acetate/pe- 
troleum ether, 1:6). 

Frac t ion  1. (5aRS ,1 l b R S  )-3,5a,6,11b-Tetrahydro-l- 
methyl-3-phenyl-5H-[ l]benzopyrano[ 4’,3’:4,5]pyrano[2,3- 
clpyrazole (24b): R, 0.21 (ethyl acetate/petroleum ether, 1:6); 
yield, 4.3 mg; ‘H NMR (200 MHz, CDCl,) 6 2.48 (s, 3 H, l-CH3), 
2.30-2.54 (m, 1 H, 5a-H), 3.81 (d, br, J = 10.5 Hz, 1 H, l lb-H),  
3.98 (dd, J = 11.1 Hz, J = 10.2 Hz, 1 H, 6-H ax.*), 4.09 (dd, J 

8.38 (9, 1 H, 1’-H), 9.03 (dd, J = 8 Hz, J = 2 Hz, 1 H, 6”-H); MS, 

M - CSHS), 264 (6, M - CbHg), 221 (23,265 - COJ, 220 (100,248 

Hz, 1 H, 8-H), 6.99 ( t d , J =  ~ H z ,  J =  1.5Hz, 1 H, 10-H), 7.10-7.34 

(6, M - CH3), 274 (8, M - CHZO), 247 (5, M - C3H50), 145 (58, 

1580, 1520, 1495, 1450; ‘H NMR (200 MHz, CDC13) 6 2.45 (s, 3 

JAx = JBx = 3.5 Hz, J A B  = 11.5 Hz), 4.51 (ddd, J = 11.0 Hz, J 

Hz, 1 H, 8-H), 6.92 (td, J = 7.5 Hz, J = 1.3 Hz, 1 H, 10-H), 

Tietze e t  al. 

= 12.2 Hz, J = 10.0 Hz, 1 H, 5-H ax.*), 4.46 (dd, J = 10.0 Hz, 
J = 6.3 Hz, 1 H, 5-H eq*), 4.50 (dd, J = 10.2 Hz, J = 3.2 Hz, 1 
H, 6-H eq*), 6.92-7.02 (m, 2 H, 8-H, lO-H), 7.16-7.50 (m, 5 H,  
9-H, 11-H, m-Ph, p-Ph), 7.70-7.80 (m, 2 H, o-Ph). 

Fraction 2: R, 0.18 (ethyl acetate/petroleum ether, L6); 
identical with the main product 23b obtained by crystallization. 

Reaction of 22c. (5aRS,llbSR)-3,5a,6,1lb-Tetrahydro- 
1,3-diphenyl-5H-[ l]benzopyrano[4’,3’:4,5]pyrano[2,3-c 1- 
pyrazole (23c): R, 0.27 (ether/petroleum ether, 1:3); reaction 
time, 90 min; yield, 89%; mp 192-194 “C (tert-butyl methyl ether); 
UV 214 (sh), 232 (sh), 265 (sh), 274 (4.35), 282 (sh); IR 1595, 1568, 
1520,1495,1455; ‘H NMR (200 MHz, CDC1,) 6 2.60-2.74 (m, 1 
H, 5a-H), 4.35 (t, J = 11.5 Hz, 1 H, 6-H ax.), 4.28 (mc, 2 H, 5-H), 
4.58 (ddd, J = 11.5 Hz, J = 4.0 Hz, J = 1.0 Hz, 1 H, 6-H eq), 4.70 
(d, br, J = 5.0 Hz, 1 H, l l b -H) ,  6.66-6.86 (m, 2 H, 8-H, 10-H), 
7.01-7.16 (m, 2 H, 9-H, 11-H), 7.20-7.56 (m, 6 H, m-1-Ph, m-3-Ph, 
p-1-Ph, p-3-Ph), 7.80-7.92 (m, 2 H, o-3-Ph), 7.98-8.08 (m, 2 H, 
o-1-Ph); MS, m/z 380 (64, M+), 365 (1, M - CH3), 350 (1, M - 
CH,O), 323 (3, M - C3H50), 43 (100). Anal. Calcd for C2jH2&202: 
C, 78.93; H, 5.30; N, 7.36. Found: C, 78.94; H, 5.41; N, 7.29. 

Reaction of 22d. (5aRS, l lbSR)- l - te r t  -Butyl-3,5a,6,1 lb-  
tetrahydro-3-phenyl-5H-[ 11 benzopyrano[4’,3’:4,5]pyrano- 
[2,3-c]pyrazole (23d): R, 0.26 (ether/petroleum ether, 1:lO); 
reaction time, 4 h; yield, 78%; mp 215-216 “C (tert-butyl methyl 
ether); UV 224 (4.13), 254 (4.27), 282 (3.54); IR 1595, 1578, 1567, 

(CH3)3), 1.60-1.76 (m, 1 H,  5a-H), 3.49 (dd, J = 11.7 Hz, J = 2.1 
Hz, 1 H, 6-H ax.), 3.63 (ddd, J = 10.8 Hz, J = 4.2 Hz, J = 1.5 
Hz, 1 H, 5-H eq), 3.79 (dd, J = 11.7 Hz, J = 4.1 Hz, 1 H, 6-H eq), 
3.90 (dd, J = 12.2 Hz, J = 10.8 Hz, 1 H, 5-H ax.), 4.06 (d, br, J 
= 4.1 Hz, 1 H, I lb-H),  6.76-7.10 (m, 5 H, Ar H),  7.13-7.26 (m, 
1 H, Ar H), 7.50 (mc, 1 H), 8.08 (m, 2 H, o-Ph); MS, m/z 360 (100, 

or C2H4), 303 (29, M - C4H9). Anal. Calcd for C,3H24Nz02: C, 
76.64; H, 6.71; N, 7.77. Found: C, 76.70; H, 6.83; N, 7.76. 

General Procedure V. Condensation of Citral  (25) wi th  
Pyrazolones 8a-d. A solution of citral (25,4.9 mmol) in 10 mL 
of dry acetonitrile is added to a stirred suspension of pyrazolone 
8 (5.0 mmol) and ethylenediammonium diacetate (EDDA) (0.1 
mmol) in 20 mL of the same solvent. The mixture is stirred a t  
room temperature for 30-90 min (TLC control). After removal 
of the solvent under reduced pressure, the residue is filtered over 
a short column with silica gel and the red fractions are recrys- 
tallized. Yields refer to crystalline materials. 

Reaction of 25 with Sa. 4-(3,7-Dimethyl-2,6-octadienylid- 
ene)-2-phenyl-2,4-dihydropyrazol-3-one (27a): eluent, eth- 
er/petroleum ether, 1:3; yield, 49% of an oil; I3C NMR showed 
the presence of at least three isomers; ‘H NMR (100 MHz, CDC13) 
6 1.40-2.60 (m, 13 H), 4.95-5.20 (m, 1 H, 6’-H), 6.47 (d, J = 13 
Hz, 0.5 H, 2’-H), 7.05-8.05 (m, 7.5 H); MS, m/z  294 (75, M’), 279 

- CsH8), 221 (36, M - C@,,), 41 (100). Anal. Calcd for CI9HzZN20: 
C, 77.52; H, 7.53; N,  9.52. Found: C, 77.30; H, 7.42; N, 9.50. 

Reaction of 25 wi th  8b. (42,2’E)-4-(3,7-Dimethyl-2,6-0~- 
tadienylidene)-5-met hyl-2-phenyl-2,4-dihydropyrazol-3-one 
(27b): eluent, diethyl ether; yield, 86%; mp 86-91 “C (methanol); 
‘H NMR (200 MHz, CDCl,) 6 1.62 (s, 3 H, 7’-CH3 cis), 1.69 (s, 
3 H ,  7’-CH, trans), 2.07 (d, J = 1.0 Hz, 3 H, 3’-CH3), 2.27 (s ,  3 
H, 5-CHJ, 2.14-2.44 (m, 4 H, 4’-H, 5’-H), 5.12 (mc, 1 H, 6’-H), 
7.12-7.24 (m, 1 H, p-Ph), 7.35-7.48 (m, 3 H, m-Ph, 2’-H), 7.80 
(d, br, J = 1 2  Hz, 1 H, 1’-H), 7.94-8.04 (m, 2 H, o-Ph); MS, m / z  

- C4H,), 240 (31, M - C5H,), 225 (100, M - C6Hll). Calcd for 
C20H26N20: C, 77.89; H, 7.84; N, 9.08. Found: C, 77.83; H, 7.75; 
N, 9.14. 

Reaction of 25 with  8c. (42,2’E)-4-(3,7-Dimethyl-2,6-0~- 
tadienylidene)-2,5-diphenyl-2,4-dihydropyrazol-3-one (27c): 
eluent, diethyl ether; yield, 91%; mp 133-135 “C (ethyl acetate); 
‘H NMR (200 MHz, CDC13) 6 1.50-1.74 (m, 6 H, 7’-CH3), 2.00-2.50 
(m, 7 H, 3’-CH3, 4’-H, 5’-H), 5.00-5.20 (m, 1 H, 6’-H), 7.16-8.20 
(m, 12 H, Ar H, 2’-H, 1’-H); MS, m / z  370 (100, M+), 355 (5, M 

287 (36, M - C&11). Anal. Calcd for C2&6N20: C, 81.05; H, 
7.70; N, 7.56. Found: C, 81.12; H, 7.06; N, 7.65. 

Reaction of 25 with 8d. (42,2’E)-5-tert-Butyl-4-(3,7-di- 
methyl-2,6-octadienylidene)-2-p henyl-2,4-dihydropyrazol- 

1517, 1490, 1455; ‘H NMR (200 MHz, C&,) 6 1.67 (s, 9 H, C- 

M’), 345 (47, M - CH3), 318 (17, M - C3H,), 317 (12, 345 - CO 

( 5 ,  M - CH3), 251 (11, M - C3H7), 238 (5, M - C4H,3), 226 (19, M 

308 (31, M+), 293 (11, M - CH,), 265 (16, M - C3H7), 252 (12, M 

- CH3), 327 (7, M - C3H7), 314 (5, M - C&I8), 302 (11, M - C&s), 
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6 H, 5-CH3), 1.56 (9, 3 H, 8-CH3), 1.69 (ddd, J = 12.0 Hz, J = 6.0 
Hz, J = 2.5 Hz, 1 H, 5a-H), 1.80-2.04 (m, 3 H), 3.77 (t, br, J = 
5-6 Hz, 1 H, 9a-H), 5.62 (d, br, J = 5 Hz, 1 H, 9-H), 7.18-7.30 
(m, 1 H, p-3-Ph), 7.36-7.52 (m, 5 H, m-1-Ph, p-1-Ph, m-3-Ph), 
7.72-7.82 (m, 2 H, o-3-Ph), 7.85-7.94 (, 2 H, o-1-Ph). Anal. Calcd 
for C25H26N20: C, 81.05; H, 7.07; N, 7.56. Found: C, 80.98; H, 
7.17; N, 7.63. 

Fraction 3. (5aRS,9aRS)-5,5,8-Trimethyl-l,3-diphenyl- 
3,5,5a,6,7,9a-hexahydro[2]benzopyrano[3,4-c]pyrazole (30c): 
UV 239 (4.14), 269 (4.36); IR 1600, 1575,1510,1125, 760, 705; 'H 
NMR (200 MHz, CDC1,) 6 1.21-1.37 (m, 1 H, 6-H ax.*), 1.32 (s, 
3 H, 5-CH3 ax.), 1.46-1.66 (m, 1 H, 7-H ax.*), 1.51 (s, br, 3 H, 
8-CH3), 1.68-1.75 (m, 1 H, 5a-H), 1.55 (s, 3 H, 5-CH3 eq), 1.85-1.99 
(m, 1 H, 6-H eq), 2.10-2.22 (m, 1 H, 7-H eq), 3.47 (dsextet, J = 
10.0 Hz, J = 2.5 Hz, 1 H, 9a-H), 5.57 (mc, 1 H, 9-H), 7.23 (mc, 
1 H, p-3-Ph), 7.30-7.50 (m, 5 H, m-1-Ph, p-1-Ph, m-3-Ph), 
7.71-7.80 (m, 2 H, o-1-Ph), 7.89-7.91 (0-3-Ph); MS, m/z 370 (100, 

314 (m, M - C4H& 302 (41, M - C5H8), 287 (63, M - C6H11). Anal. 
Calcd for C25H26N20: 370.2045. Found: 370.2045. 

Reaction of 27d. (5aRS,SaSR)-l-tert-Buty1-5,5,8-tri- 
methyl-3-phenyl-3,5,5a,6,7,9a-hexahydro[2]benzopyrano- 
[3,4-c]pyrazole (29d): R, 0.31 (ether/petroleum ether, 1:20); 
reaction time, 90-150 min; yield, 61%; mp 81-83 "C (hexane); 
the compound was obtained crystalline only once in a small 
quantity; UV 254 (4.27); IR 1605,1595, 1565, 1510,760,695; MS, 
m/z 350 (70, M'), 335 (6, M - CH,), 307 (12, M - C3H7), 295 (10, 

Calcd for C23H30N2O C, 78.82; H, 8.63; N, 7.99. Found: C, 78.68; 
H, 8.50; N, 8.03. 

Synthes is  of [2-(2-Methyl-l-propenyl)phenoxy]acet- 
aldehyde (3 1). [ 2- (2-Methyl- 1-propeny1)phenoxylacetic Acid 
Ethyl Ester. A mixture of 2-(2-methyl-l-propenyl)phenol (25.0 
g, 169 mmol), bromoacetic acid ethyl ester (30.0 g, 180 mmol), 
and potassium carbonate (50.0 g, 360 mmol) in dry acetone (300 
mL) was refluxed for 6 h. After filtration and washing with 
acetone, the solvent was removed under reduced pressure. The 
resulting oil was distilled (112-114 OC (0.01 Torr)) to yield 35.1 
g (89%) of a colorless liquid: 'H NMR (100 MHz, CDC1,) 6 1.28 
(t, J = 7 Hz, 3 H, CH2CH3), 1.82 (d, J = 1 Hz, 3 H, CH3 cis), 1.93 
(d, J = 1 Hz, 3 H, CH, trans), 4.22 (q, J = 7 Hz, 2 H, CH2CH3) 
4.59 (s, 2 H, CH,), 6.36 (s, br, 1 H, =CH), 6.64-7.26 (m, 4 H, Ar 
H). Anal. Calcd for C14H1803: 234.1256. Found: 234.1256. 
2-[2-(2-Methyl-l-propenyl)phenoxy]ethanol. A solution of 

[2-(2-methyl-1-propenyl)phenoxy]acetic acid ethyl ester (15.9 g, 
68 mmol) in tert-butyl methyl ether (20 mL) was added to a 
well-stirred suspension of lithium aluminum hydride (1.58 g, 42.0 
mmol) in 100 mL of the same solvent. The rate of addition was 
controlled to achieve gentle reflux. After the addition of the ester, 
the mixture was refluxed for an additional 2 h. The hydrolysis 
of surplus hydride was carried out by cautious addition of water 
( 5  mL), and then 10% KOH (30 mL) was added. The aqueous 
phase was removed and extracted twice with tert-butyl methyl 
ether. The combined organic phases were washed with brine and 
dried with sodium sulfate. Removal of the solvent under reduced 
pressure afforded an oil. Distillation (84 OC (0.06 Torr)) gave 11.5 
g (88%) of a colorless liquid: IR (film) 3600-3100, 1250,760; 'H 
NMR (100 MHz, CDC13) 6 1.81 (d, J = 1.3 Hz, 3 H, CH3 cis), 1.92 
(d, J = 1.5 Hz, 3 H, CH3 trans), 2.36 (s, br, 1 H, OH), 3.80-4.15 
(m, 4 H, 1-H, 2-H), 6.29 (s, br, 1 H, =CH), 6.75-7.30 (m, 4 H, 
Ar H). Anal. Calcd for C12H1602: C, 74.97; H, 8.39. Found: C, 
74.90; H, 8.28. 

[ 2- (2-Met hyl- 1-propeny1)phenoxy ]acetaldehyde (3 1 ). To 
a solution of oxalyl chloride (1.92 mL, 22 mmol) in dry toluene 
(80 mL) a t  -60 "C was slowly added a mixture of dimethyl sul- 
foxide (3.55 mL, 44 mmol) in toluene (11 mL). After the mixture 
was stirred a t  this temperature for 5 min, a solution of [2-(2- 
methyl-1-propeny1)phenoxylacetic acid ethyl ester (3.88 g, 20.2 
mmol) in toluene (20 mL) was added over 10 min. Stirring a t  
-60 OC was continued for 30 min, then triethylamine (14 mL) was 
added and the mixture was allowed to warm to room temperature 
after 5 min. After addition of water (50 mL), the phases were 
separated and the aqueous phase was extracted twice with 
methylene chloride. The combined organic phases were washed 
with brine and dried with Na2S04. After removal of the solvent 
in vacuo, a yellow oil was obtained. Kugelrohr distillation (150 

M'), 355 (47, M - CH3), 327 (30, M - C3H7), 315 (7, M - C4H7), 

M-C4H7), 282 (54,M-C5H8), 267 (68,M-C6H11), 43 (100). Anal. 

%one (27d): eluent, ether/petroleum ether, 1:lQ yield, 92%; mp 
82-84 OC (hexane); 'H NMR (200 MHz, CDC1,) 6 1.41 (s, 9 H, 
C(CH,),), 1.62 (9, br, 3 H, 7'-CH3 cis), 1.69 (9, br, 3 H, 7'-CH3 trans), 
2.05 (d, J = 1.2 Hz, 3 H, 3/-CH3), 2.16-2.46 (m, 4 H), 5.13 (mc, 

(m, 2 H, m-Ph), 7.76 (d, J = 12.0 Hz, 1 H, 1'-H), 7.93 (d, br, J 
= 12.0 Hz, 1 H, 2/-H), 7.98-8.08 (m, 2 H, o-Ph); MS, m/z 350 (32, 

(100, M - CcH11). Anal. Calcd for C23H30N20: C, 78.82; H, 8.63; 
N, 7.87. Found: C, 78.71; H, 8.63; N, 7.99. 

General Procedure VI: Diels-Alder Reaction of t he  Al- 
kylidenepyrazolones 27a-d. A solution of akylidenepyrazolone 
27a-d (200-400 mg) and a few crystals of hydroquinone in 30 mL 
of dry decalin is placed in a flask with a reflux condenser. The 
apparatus is purged with argon and held under inert gas while 
the solution is heated to reflux for the time given below. After 
completion of the cycloaddition (TLC control), most of the decalin 
is distilled off from the mixture under reduced pressure. The 
residue is filtrated over dry basic alumina (10 g) and the residual 
decalin eluted with petroleum ether. The cycloadducts are then 
eluted with ethyl acetate. An aliquot of the solution thus obtained 
is analyzed by HPLC, and the remainder is flash chromatographed 
on silica gel if necessary. Otherwise the main products, the data 
of which are given, are obtained directly by crystallization. Yields 
refer to the mixtures of diastereomers. 

React ion of 27a. (5aRS,gaSR)-5,5,8-Trimethyl-3- 
phenyl-3,5,5a,6,7,9a-hexahydro[2]benzopyrano[ 3,4-c]pyrazole 
(29a): R, 0.32 (ether/petroleum ether, 1:3); reaction time, 40 min; 
yield, 86%; mp 118-121 OC (hexane, sublimates); UV 247 (4.22); 

1.20-1.36 (m, 1 H), 1.38 (5, 3 H, 5-CH3 ax.), 1.54 (s, 3 H, 5-CH3 
eq)8 1.54-1.66 (m, 1 H), 1.70 (s, 3 H, 8-CH3), 1.78-2.10 (m, 3 H), 
3.38-3.48 (m, 1 H, 9a-H), 5.72-5.82 (m, 1 H, 9-H), 7.18-7.28 (m, 
1 H, p-Ph), 7.37-7.50 (m, 3 H, m-Ph, 1-H), 7.78-7.88 (m, 2 H, 
o-Ph); MS, m/z 294 (100, M'), 279 (25, M - CH3), 251 (75, M - 

Anal. Calcd for Cl9HzzN20: C, 77.52; H, 7.53; N, 9.52. Found: 
C, 77.59; H, 7.55; N, 9.41. 

Reaction of 27b. (5aRS,gaSR)-1,5,5,8-Tetramethyl-3- 
phenyl-3,5,5a,6,7,9a-hexahydro[ 2]benzopyrano[3,4-~]pyrazole 
(29b): R, 0.25 (tert-butyl methyl ether/petroleum ether, 1:6); 
reaction time, 70 min; yield, 75%; mp 90-95 OC (hexane); UV 256 
(4.56); IR 1595,1580,1510,1490,760, 'H NMR (200 MHz, CDCl,) 
6 1.35 (s, 3 H, 5-CH, ax.), 1.30-1.48 (m, 1 H), 1.50 (s, 3 H, 5-CH3 
eq), 1.54-1.64 (m, 1 H), 1.70 (8,  br, 3 H, 8-CH3), 1.78-2.10 (m, 3 
H), 2.32 (s, 3 H, l-CH,), 3.37-3.48 (m, 1 H, 9a-H), 5.82-5.90 (m, 
1 H, 9-H), 7.11-7.22 (m, 1 H, p-Ph), 7.32-7.44 (m, 2 H, m-Ph), 
7.71-7.80 (m, 2 H, o-Ph); MS, m / z  308 (100, M'), 293 (19, M - 

Anal. Calcd for C20H24N20: C, 77.89; H, 7.84; N, 9.08. Found: 
C, 77.75; H, 7.83; N, 9.13. 

Reaction of 27c: reaction time, 60 min; yield, 80%; the dia- 
stereomeric mixture was separated by preparative HPLC (Nu- 
cleosil5C18 (length = 250 mm, i.d. = 8 mm), acetonitrile/water, 
80:20, 1.0 mL/min, 95 atm, automatic injection, c = 2.5 mg/mL 
in acetonitrile/water, 8515,2.5 mg per separation, 40 separations), 
tR1 = 36.2 min (12.4 mg, purity, 95%), tR2 = 39.6 min (38.9 mg, 
purity, 98%), tm = 47.9 min (18.4 mg, purity, loo%), R12 = 0.9, 

Fraction 1. (SaRS,SaSR)-5,5,8-Trimethyl-1,3-diphenyl- 
3,5,5a,6,9,9a-hexahydro[2]benzopyrano[3,4-c]pyrazole (28c): 
UV 242 (4.14), 267 (4.31); IR 1600,1595,1505,1125,755,700; 'H 
NMR (200 MHz, CDCl,) 6 1.32 (s, br, 3 H, 8-CH3), 1.48 (s, 3 H, 

H, 5a-H), 1.90-2.30 (m, 5 H), 3.50 (dt, J = 5.0 Hz, J = 4.0 Hz, 
1 H, 9a-H), 5.18-5.28 (m, 1 H, 7-H), 7.18-7.30 (m, 1 H,p-&Ph), 
7.32-7.50 (m, 5 H, m-3-Ph, m-1-Ph, p-1-Ph), 7.60-7.70 (m, 2 H, 
o-3-Ph), 7.85-7.95 (m, 2 H, o-1-Ph); MS, m/z 370 (100, M'), 355 

M - C4H8), 302 (93, M - C5H& 287 (76, M - C6H11). Anal. Calcd 
for C25H26N20: 370.2045. Found: 370.2045. 

Fraction 2. (5aRS,SaSR)-5,5,8-Trimethy1-1,3-diphenyl- 
3,5,5a,6,7,9a-hexahydro[2]~nzopyrano[3,4-c]pyrazole (29c): 
Rf0.30 (ethyl acetate/petroleum ether, 1:lO); mp 157-159 OC (ethyl 
acetate); UV 240 (4.15), 271 (4.35); IR 1600, 1575,1515,1490,770, 
705; 'H NMR (200 MHz, CDC1,) 6 1.20-1.44 (m, 1 H), 1.49 (s, 

1 H, 6'-H), 7.16 (tt, J = 7.5 Hz, J = 1.0 Hz, 1 H, p-Ph), 7.35-7.47 

M'), 335 (6, M-CH,), 307 (7, M-C3H7), 294 (4,M - C4H8), 267 

IR 1600, 1595, 1510, 1495, 775; 'H NMR (200 MHz, CDC13) 6 

C3H7), 238 (8, M - C4H,), 226 (52, M - C5H8), 211 (67, M - C6H11). 

CHd, 265 (37, M - C3H7), 240 (29, M - C5H8), 225 (62, M - CsH11). 

( ~ 1 2  = 1.11, R23 = 2.1, a23 = 1.24. 

5-CH3), 1.50 (s, 3 H, 5-CH3), 1.87 (dt, J = 6.5 Hz, J = 4.0 Hz, 1 

(12, M - CH,), 327 (81, M - C3H7), 315 (34, M - C4H7), 314 (14, 
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OC (0.02 Torr)) afforded 2.28 g (60%) of the aldehyde. The 
compound proved to be not very stable. Part of the material was 
directly used for the tandem-Knoevenagel-Diels-Alder reaction; 
a 2,4-dinitrophenylhydrazone was prepared for characterization: 
mp 141-143.5 “C (ethyl acetate); ‘H NMR (200 MHz, CDC13) 6 
1.83 (d, J = 1.3 Hz, 3 H, CH3 cis), 1.95 (d, J = 1.4 Hz, 3 H,  CH3 
trans), 4.86 (d, J = 4.9 Hz, 2 H, CHJ, 6.36 (s, br, 1 H, =CH), 
6.92-7.12 (m, 2 H, 4’-H, 6’-H), 7.20-7.28 (m, 2 H, 3’-H, 5’-H), 7.69 
(td, J = 4.9 Hz, J = 0.8 Hz, 1 H, N=CH), 7.96 (d, J = 9.5 Hz, 

5”-H), 9.17(d, J = 2.5 Hz, 1 H, 3”-H), 11.16 (s, br, 1 H, NH). Anal. 
Calcd for C18H18N404: C, 58.37; H,  4.90; N, 15.13. Found: C, 
58.49; H, 4.91; N, 15.27. 

Reaction of 31 wi th  N,N-Dimethylbarbituric Acid (32). 
To a stirred suspension of 32 (302 mg, 1.94 mmol) and EDDA 
(14 mg, 0.07 mmol) in dry acetonitrile (20 mL) was added a 
solution of aldehyde 31 (5.14 mg, 2.70 mmol) in acetonitrile (10 
mL). The mixture was stirred for 22 h at  room temperature, the 
solvent was then removed in vacuo, and the residue was flash 
chromatographed on silica gel (tert-butyl methyl ether/petroleum 
ether, 1:l). 

Fract ion 1. (3’RS,4‘RS)-5-(4-Isopropenyl-3,4-dihydro- 
1H-[ l]benzopyran-3-yl)-l,3-dimethyl-2,4,6( lH,JH,SH)-py- 
rimidinetrione (34): R, 0.34; yield, 28%; UV 218 (4.09), 266 

CDCl,) 6 1.47 (d, J = 0.5 Hz, 3 H, =CCH3), 3.10-3.24 (m, 1 H,  

Hz, 1 H, 5-H), 3.83 (d, br, J = 11.0 Hz, 1 H, 4’-H), 4.20-4.30 (m, 
2 H, 2’-H ax. and eq), 4.88-4.94 (m, 1 H, =CH), 4.98-5.06 (m, 
1 H, =CH), 6.80-7.20 (m, 4 H, 5’-H to 8’-H); 13C NMR (50 MHz, 

1 H, 6’-H), 8.38 (ddd, J = 9.5 Hz, J = 2.5 Hz, J = 0.8 Hz, 1 H, 

(3.86), 282 (sh); IR 1750, 1700-1670, 755; ‘H NMR (200 MHz, 

3’-H), 3.26 (9, 3 H,  NCH,), 3.35 (s, 3 H, NCH3), 3.55 (d, J = 2.0 

CDC13) 6 17.33 (CH3C=), 28.46 (NCHJ, 38.67 (C-3’), 47.24 (C-4’*), 
49.29 (C-5*), 67.70 (C-2), 116.75 (C-8’), 116.99 (=CHz), 120.93 
(C-69, 122.07 (C-4’a), 127.79, 128.69 (C-5’, C-7’) 144.93 (C=C2), 
151.19 (C-2), 154.44 (C-8’a), 166.69, 167.14 (C-4, C-6); some signals 
of the minor cis isomer 35 are seen, 6 21.27 (CH3C=), 40.20 02-39, 
44.67 (C-4’*), 48.95 (C-5*), 66.44 (‘2-2); ratio 34:35 = 5.2:l; MS, 
m / z  328 (6, M’), 313 (0.2, M - CH3), 285 (0.8, M - C3H7), 172 
(100, C12H120), 157 (69, C6HgNzO3+). Anal. Calcd for C18Hzd”JzO4: 
C, 65.84; H, 6.14; N, 8.53. Found: C, 65.78; H, 6.22; N, 8.55. 

Fraction 2. (4bRS,lObSR)-1,2,3,4,4b,5,lOb,ll-Octahydro- 
1,3,11,ll-tetramethyl[ l]benzopyrano[3’,4’:4,5]pyrano[ 2,3- 
d]pyrimidine-2,4-dione (36): R, 0.17-0.30; yield, 42%; mp 
215-217 OC (methanol/water); UV 219 (4.16), 262 (3.99), 283 (3.36); 

6 1.36 (s, 3 H,  11-CH3 ax.), 1.95 (9, 3 H, l l-CH, eq), 2.78 (td, J 
= 11.0 Hz, J = 4.5 Hz, 1 H, 4b-H), 3.12 (d, br, J = 11.0 Hz, 1 H, 

11.0 Hz, J = 10.0 Hz, 1 H,  5-H ax.), 5.35 (dd, J = 10.0 Hz, J = 

IR 1705,1640, 1230,750; ‘H NMR (200 MHz, 50 OC, DMSO-&) 

lob-H), 3.16 (s, 3 H, NCHS), 3.21 (s, 3 H, NCH,), 3.84 (dd, J = 

4.5 Hz, 1 H, 5-H eq), 6.84 (dd, J = 8.0 Hz, J = 1.5 Hz, 1 H, 7-H), 

Hz, 1 H, 10-H); 13C NMR (20 MHz, CDCl,) 6 20.26 (ll-CH3 ax.), 
27.84, 28.68 (NCHJ, 29.96 (l l-CH3 eq), 31.18 (C-4b*), 45.71 
(C-lob*), 70.02 (C-5), 84.22,85.59 (C-4a, C-ll) ,  117.51 (C-7), 119.89 
(C-9), 122.36 (C-loa), 125.01, 128.38 (C-8, C-lo), 151.07 (C-2), 
155.26, 155.43 (C-6a, C-12a), 162.18 (C-4); MS, m/z  328 (30, M’), 

(8, CloHllO+). Anal. Calcd for C18HzoNz0,: C, 65.84; H, 6.14; 
N, 8.53. Found: C, 65.97; H, 6.22; N, 8.52. 
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A regio- and stereocontrolled hydrostannylation of substituted propargyl alcohols and derivatives has been 
performed. Tri-n-butylstannyl hydride reacts with different substituted propargyl alcohols to give a mixture 
of Z / E  isomers of vinylstannane with the stannyl moiety bonded to the carbon closest to the OH or OR group. 
A careful study of the reaction conditions allowed the preparation and isolation of pure 2 isomer for a wide set 
of compounds. The reaction products are unstable under the conditions of preparation. An outline of the possible 
mechanism of the reaction is described. 

Hydrostannylation is a useful reaction for the prepma- 
tion of carbon-functional organostannanes’ and is the 
simplest and most direct route to transform alkynes into 

(1) Davies, A. G.; Smith, P. J. Comprehensive Organometallic Chem- 
istry; Wilkinson, G., Gordon, F., Stone, A,, Abel, E. W., Eds.; Pergamon: 
London, 1982; Vol. 2, p 534. 

vinylstannanes.’V2 This reaction, however, is not highly 
regio- and stereoselective, and analogously the mechanism 
does not appear to have been well established. The pre- 
dominance of a free-radical mechanism or of a stepwise 

(2) Negishi, E. Organometallics in Organic Synthesis; Wiley: New 
York, 1980; p 410. 

0022-3263/88/l953-0820$01.50/0 Q 1988 American Chemical Society 


