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made of distilled reagents, stored, and analyzed at  room 
temperatures. ( WARNING: 2-Chloroethyl sulfides are 
potent vesicants and must be handled in a closed system 
or in a hood with minimum velocity of 100 ft/min). 
Spectral identifications and peak assignments of the sul- 
fonium cations were based on published data,5 COSY, and 
heteronuclear correlated two-dimensional NMR experi- 
ments. 

Both the H-2TG and the CH-TG salts shown in eq 3 
and 4 were identified in the H-water mixtures. The EHT 
S(CH2CH2CI)z + 2S(CH2CHzOH), - 

SICH2CH26(CH2CH2OH),l2 + 2CI- ( 3 )  

H - 2 T G  

S A C  2 c I  + S(CHzCHzOH), - 
'C H CH , OH 

(CH,CH,OH),~CH,CH,SCH,CH,OH + CI- ( 4 )  

sulfonium chloride shown in eq 5 and 2-hydroxyethyl ethyl 
sulfide (HEES) were the only compounds found by 13C 
NMR immediately after the CEES-water samples (ranging 
from 2% to 50% by volume) became one phase. The other 

possible sulfonium cation, CH3CH2S(CHzCHzC1)- 
CH2CH2SCH2CH3 (ECT) was not detected in any of the 
samples. Presumably CEES was converted to HEES and 
EHT in the aqueous phase as soon as it was dissolved, and 
chemical reactions at  the interface were the driving force 
for dissolution. In the 2% mixture, about 83 mol '?& of 
EHT and 17 mol % of HEES were found after the solution 
became one phase, but the EHT subsequently hydrolyzed 
to form HEES and HC1 (eq 6) with a pseudo-first-order 

CH-TG 

+ 

CH3CHZSCHzCH2Cl + CH3CH2SCH2CH20H - 
CEES HEES + 

CH3CHzS(CH&HzOH)(CHzCH,CH,) + C1- (5) 
EHT 

EHT + HzO 2CH3CHzSCHzCHzOH + H+ (6) 

rate coefficient6 of about 6 X s-l. Approximately 12 
mol % of EHT was still present after 120 days. The hy- 
drolysis rate apparently depended on the HC1 contents in 
water, since 78 mol '?& of EHT was still present in the 50% 
sample after more than 2 years. Equation 6 is reversible 
since an aqueous mixture of 4 M HC1 and 3 M HEES 
reacted to form 93 mol % of EHT sulfonium salt and 7 
mol % of HEES, according to 13C NMR analysis. NMR 
measured higher concentrations of EHT in samples of the 
same concentration of CEES which initially contained 
excess HEES. Although NMR is limited in detecting 
concentrations less than 1 mol %, conductivity measure- 
ments showed that the H+ production from 2 X M 
CEES was also lower in solutions of 6 X lo4 M HEES than 
in pure water. Therefore, contrary to earlier observations, 
we believe that these sulfonium chlorides are significant 
initial products in dilute solutions and stable final products 
in concentrated aqueous solutions of 2-chloroethyl sulfides. 
We are currently attempting to isolate these sulfonium 
chlorides for further study. 

The following are the NMR shifts of the salts identified 
in the reaction mixtures. 

(5 )  Barbarella, G.; Dembech, P.; Garlesi, A.; Fava, A. Org. Mogn. Re- 

(6) The hydrolyses of sulfonium cations are biomolecular: e.g., Swain, 
son. 1976, 8, 108-114. 

C. G.; Kaiser, L. E. J. Am. Chem. SOC. 1958,80,4089-4094. 

H-2TG: 13C NMR (H,O) 6 28.6 (2 C, SCH2), 43.8 (2 C, 
SCHzCH2S+), 46.4 (4 C, +SCH2CHz0H), and 59.0 (4 C, 
CHzOH); 'H NMR (H,O/TSP) 6 3.21 (t, 4 H, 

SCH2CH2S+), and 4.11 (t, 8 H, CH20H). 

(SCHzCHzOH), 44.2 (+SCH2CH2S), 46.4 (2 C,  
+SCH2CH20H), 59.0 (2 C, +SCH2CH20H), and 63.2 (SC- 
H2CH20H); most of the 'H signals were buried under the 
large peaks of H-2TG and TG. 

SCHZCH2S+), 3.73 (t, 8 H, +SCHZCH,OH), 3.85 (t, 4 H, 

13C NMR (H,O) 6 28.6 (SCHZCHZS'), 36.3 CH-TG: 

EHT: 13C NMR (H2O) 6 11.3 (CH&H2S+), 16.9 (CHS- 
CH,S), 27.9, 28.0 (2 C, CH2SCH2), 37.4 (CH3CH2S+), 42.6 
(SCH2CH2S+), 45.0 (HOCHzCH2S+), 59.0 (CHZOH); 'H 
NMR (H,O/D,O/TSP) 6 1.24 (t, 3 H, CH3CH2S, J = 7.4 

CH&H,S, J = 7.4 Hz), 3.05 (t, 2 H, SCH2CH2, J = 7.4 Hz), 
Hz), 1.47 (t, 3 H, CH3CH2S+, J = 7.4 Hz), 2.66 (q, 2 H, 

3.47 (9, 2 H, CH3CH2S+, J = 7.4 Hz), 3.58 (t, 2 H, 
+SCH2CH20H, J = 5.7 Hz), 3.68 (t, 2 H, SCH2CHzS+, J 
= 5.7 Hz), 4.06 (t, 2 H, CH20H, J = 5.7 Hz). 
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Stereospecificity in Intramolecular 
Hetero-Diels-Alder Reactions of 
t-Benzylidene-l,3-dicarbonyl Compoundst' 
Summary: The intramolecular hetero-Diels-Alder reaction 
of 2-benzylidene- 1,3-dicarbonyl compounds proceeds via 
a concerted pathway; this has been shown by using 13C- 
labeled dienophiles. 

Sir: The intramolecular hetero-Diels-Alder reactions2 of 
alkylidene- and 2-benzylidene-1,3-dicarbonyls 1 and 3, 
which are easily obtainable by condensation of 1,3-di- 
carbonyls and aldehydes, proceed with high diastereose- 
le~t iv i ty .~  Thus, 1 leads exclusively to the trans-fused 

R R 

1 2 

3 4 

dihydropyrans 2 (ni-de4 > 98%),5*6 whereas 3 gives the 
cis-fused cycloadducts 4 (ni-de > 98%).' In addition, 
chirality centers in the chain as well as in the 1,3-di- 
carbonyls allow a high asymmetric induction (i-de4 > 
95 T~ ).1,5,6,8,9 

However, nothing is known so far about the degree of 
the concertednesslOJ1 of these cycloadditions. Since the 

'Dedicated to Professor George Buchi on the occasion of his 65th 
birthday. 
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Table  I. Reactions of 10 w i t h  1,3-Dicarbonyl Compounds 
~~ ~ 

% of label in C-12 
(as in 10) based on condition" 

entrv educta products % yield solvent time temp, O C  'H NMR 13C NMR 
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14 

H3Ca 

16 

89 

88 
84 
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84 

88.2 93.4 
CH&N 4 h  20 88.6 91.5 

CH&N 10 min 80 89.0 
o-dichlorobenzene 5 min 140 88.5 
CH&N 4 h  20 88.2 

CH&N 16 hb 80 88.2 

91.0 
91.0 
91.0 

91.0 

88.5 91.0 

18 

'For condensation reactions catalytic amounts of ethylenediammonium diacetate (EDDA) are used. bCondensation 30 min, 20 "C then 16 
h, 80 "C. CAcetonitrile, EDDA, molecular sieves, 3 A, 20 "C, 14 h, isolation of the benzylidene-l,3-dicarbonyl (2 configuration), 83%. 

1,2-Dichloroethane, diethylaluminum chloride, molecular sieves 3 A, 80 "C, 4 h. 

heterodiene is highly polarized, betainsI2 or diradicals13 
may act as intermediates, resulting in a loss of the steric 
information of prochiral dienophiles. In this paper we 
describe investigations on the stereochemical course of the 

(1) Intra- and Intermolecular Hetero-Diels-Alder Reactions, Part 16. 
Part 15: Tietze, L. F.; Brand, S.; Pfeiffer, T.; Antel, J.; Harms, K.; 
Sheldrick, G. M. J. Am. Chem. SOC. 1987,109,921. 
(2) For newer reviews on the intramolecular Diels-Alder reaction, see: 

(a) Ciganek, E. Org. React. (N.Y.) 1984,32,1. (b) Oppolzer, W. Angew. 
Chem., Int. Ed. Engl. 1984, 23, 876. (c) Taber, D. F. Intramolecular 
Diels-Alder and Alder E m  Reactions; Springer Verlag: New York, 1984. 
(d) Fallis, A. G. Can. J. Chem. 1984,62,183. (e) Boger, D. L. Tetrahedron 
1983,39,2869. ( f )  Weinreb, S. M.; Staib, R. R. Tetrahedron 1982,38, 
3087. (g) Brieger, G.; Bennett, J. N. Chem. Reu. 1980,80,63. (h) Sauer, 
J.; Sustmann, R. Angew. Chem., Int. Ed. Engl. 1980,19, 779. 
(3) Tietze, L. F. In Selectiuity-a Goal for Synthetic Efficiency; 

Bartmann, W., 'kost, B. M., Eds.; Verlag Chemie: Weinheim 19W, p 299. 
(4) The abbreviation ni-de and i-de are used for noninduced and in- 

duced diastereoeelective reactions, respectively. The first term is em- 
ployed for the formation of chirality elements in an achiral environment; 
the second term is used for the formation under the influence of a chiral 
environment. Tietze, L. F.; Beifuss, U. Angew. Chem., Int .  Ed. Engl. 
1985,24, 1052. 
(5) Tietze, L. F.; v. Kiedrowski, G.; Harms, K.; Clegg, W.; Sheldrick, 

G. Angew. Chem., Int. Ed. Engl. 1980,19, 134. 
(6) Tietze, L. F.; v. Kiedrowski, G. Tetrahedron Lett. 1981,22, 219. 
(7) (a) Tietze, L. F.; Stegelmeier, H.; Harms, K.; Brumby, T. Angew. 

Chem., Int. Ed. Engl. 1982, 21, 863. (b) Tietze, L. F.; Brumby, T., 
unpublished. 

(8) Tietze, L. F.; Brand, S.; Pfeiffer, T. Angew. Chem., Int. Ed. Engl. 
1985,24,784. 
(9) Takano, S.; Satoh, S.; Ogasawara, K. Heterocycles 1985, 23, 41. 
(10) Dewar, M. J. S.; Pierini, A. B. J.  Am. Chem. SOC. 1984,106,203. 
(11) Brown, F. K.; Houk, K. N. Tetrahedron Lett. 1986, 26, 2297. 

Houk, K. N.; Lin, Y. T.; Brown, F. K. J. Am. Chem. SOC. 1986,108,554. 

cycloaddition by employing the 13C-labeled aldehyde 10. 
The use of labeled dienophiles, which is the first example 
of this kind, allows us to avoid misinterpretations, which 
may be due to the influence of substituents a t  the dieno- 
phile on the stability of the transition state. 

5 
6, R = C02R' 
7, R CHPOH 
8, R = CHZOMs 

10 

The aldehyde 10 was obtained by alkylation of the so- 
dium salt of 2-hydroxybenzaldehyde (9) with the mesylate 
8 (DMF, 5 OC, 14 h, 64%). 8 was synthesized without 
isolation from the allylic alcohol 7, which could be prepared 
by syn addition of ['%]dimethylcopper lithium to butynoic 
ester 5 and subsequent reduction with aluminum hydride14 
followed by treatment with methanesulfonyl chloride 
(CC14, NEb, -10 OC, 30 rnin). Quantitative analysis of the 

(12) For an example, see: Tacconi, G.; Leoni, M.; Righetti, P.; Desi- 
moni, G.; Oberti, R.; Comin, F. J.  Chem. SOC., Perkin Trans. 1 1979,2687. 
See also: Huisgen, R.; Mlwton, G.; Langhals, E. J. Org. Chem. 1986,51, 
4085. 
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13C NMR and 'H NMR spectra has shown that during the 
synthesis of 10 some scrambling had occured. The dis- 
tribution of the label was determined by integrat i~n '~ of 
the 13C-satellites in the 'H NMR spectrum for C-12 at  6 
1.81 (JCH = 126.5 Hz) and for C-13 at  6 1.75 (JCH = 126.5 
Hz) as 88.2:11.8. From the 13C NMR spectrum of 10, a 
ratio of 93.4:6.6 for C12/C13 was found. The higher values 
determined from the I3C spectra can be explained by 
different TI values of labeled and unlabeled methyl groups 
as pointed out by Benn.I6 

The aldehyde 10 was condensed with dimethylbarbituric 
acid ( l l ) ,  Meldrum's acid (13), the pyrazolone 15, and the 
enantiomerically pure oxazepandione 17, yielding the cy- 
cloadducts r a ~ - l 2 , ~ ~  r ~ c - 1 4 , ' ~  ra12-16,'~ and 188 via the 
primarily formed 2-benzylidene-1,3-dicarbonyls, which 
were however not isolated except in the case of 17 (Table 
I). The percentage of the label in the equatorial methyl 
group at  the dihydropyran ring in the cycloadducts was 
determined by comparison of the heights of the peaks for 
the equatorial and axial methyl groups in the 13C NMR 
spectra as well as by integration of the appropriate 13C- 
satellites in the 'H NMR spectra. Generally the signals 
of the equatorial, predominately labeled methyl group 
appear a t  lower field in the lH and 13C NMR spectra than 
the axial. The assignment has been confirmed by one- and 
two-dimensional NOE experiments of 12 and 16. They 
clearly show that in 12 the P-methyl group (6 1.60) is in 
close vicinity to H-6a. A NOE between the a-methyl group 
(6 1.20) and H-6a could not be detected. However, in 16 
the resonance of the two methyl groups is reversed, because 
of a different conformation of the pyranopyran system, 
since both methyl groups show NOE effects to H-5a. Also, 
a NOE is observed between H- l lb  and the high field 
methyl group at C-5, which carries the I3C-label. This 
experiment therefore, demonstrates the cis relationship 
between the labeled methyl group and H-5a. There is no 
NOE between H - l l b  and the a-methyl group. 

In all reactions the ratio of the labels in the two methyl 
groups has not been altered. Even high reaction tem- 
peratures and the use of Lewis acids17 had no effect on the 
distribution of the label in the products (Table I). This 
shows clearly that the configuration of the dienophile is 
retained during the cycloaddition. 

The observed stereospecificity is a characteristic of a 
truly concerted cycloaddition rather than an ionic or 
radical stepwise process. Also zwitterion 19 can be ex- 
cluded as an intermediate, since the rates of the cycload- 
ditons are similar in polar and nonpolar solvents. However, 
the occurrence of radical 20 is in agreement with the results 
if one assumes that the rotation about the single bond A-B 
in 20 is slow compared to the C-0 bond formation.18 
 simulation^^^ based on an estimated experimental error 
of i0.5% in the distribution of the label in the products 
result in a AAG* = 3.0 kcal/mol for the two reaction paths. 
By setting AG* = 0 for the C-0 bond formation which 
would indicate a concerted mechanism, AG* = 3.0 kcal/ 
mol would be found for the rotation about the C-C bond 

(13) For an example, see: Martin, S. F.; Tu, C.; Chou, T. J. Am. Chem. 
SOC. 1980, 102, 5274. Klirner, F.-G.; Dogan, B. M. J.; Ermer, 0.; von 
Dcering, W. E.; Cohen, M. P. Angew. Chem., Int. Ed. Engl. 1986,24,108. 

(14) Oppolzer, W.; Mirza, S. Helv. Chim. Acta 1984, 67, 730. 
(15) Repeated integrations of the relevant peaks in the 'H and lsC 

NMR spectra of a given sample always resulted in nearly identical values 
of isotope ratios (standard deviation 0.3%). Systematic errors are con- 
sidered to be <0.5%. 

(16) Benn, R. J. Magn. Reson. 1984, 59, 164. 
(17) Branchadell, V.; Oliva, A.; Bertran, J. Chem. Phys. Lett. 1983,97, 

(18) Firestone, R. A. Tetrahedron 1977, 33, 3009. Firestone, R. A. 
378. 

Heterocycles 1987, 25, 61. 

A-B in 20. This value is higher than usually accepted for 
barriers to rotation of free tertiary radicals, for which a 
AG* < 1.5 kcal/mol was estimated.20 

YB * i P 

20 
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(19) The simulation waa performed with DGL.CODER (von Kied- 
roweki) and DGL.STEIF (Ebert/Eberle) software by variation of k2/kl  
(rotation/bond formation) between 0.001 and 1ooO. 

(20) Pacansky, J.; Yoshimine, M. J.  Phys Chen. 1986, 90, 1980. 
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Palladium-Catalyzed Denitro-Sulfonylation and 
Amination of @,y-Epoxy Nitro Compounds 

Summary: P-Alkyl-P,y-epoxy nitro compounds undergo 
the weak base catalyzed conversion to y-hydroxy-a-nitro 
olefins followed by isomerization of the resulting double 
bond and the subsequent Pd(0)-catalyzed allylic substi- 
tution of the hydroxy allylic nitro intermediates by 
PhSOzNa and piperidine in a single-pot to afford hydroxy 
sulfones and amines, respectively. 

Sir: We have recently revealed a general synthetic method 
to prepare allylic nitro compounds by NJV-dimethyl- 
ethylenediamine-catalyzed condensation of primary ni- 
troalkanes with various ketones.' This procedure in 
combination with Pd(0)2 or Lewis acid3 mediated allylic 
substitution of allylic nitro compounds by nucleophiles 
offers a new synthetic route to take carbonyl compounds 

(1) Tamura, R.; Sato, M.; Oda, D. J. Org. Chem. 1986,51,4368-4375. 
(2) (a) Tamura, R.; Hegedus, L. S. J. Am. Chem. SOC. 1982, 104, 

3727-3729. (b) Ono, N.; Hamamoto, I.; Kaji, A. J. Chen. SOC., Chem. 
Commun. 1982,821-822. (c) Tamura, R.; Kai, Y.; Kakihana, M.; Hayashi, 
K.; Tsuji, M.; Nakamura, T.; Oda, D. J. Org. Chem. 1986,51,4375-4385. 
(d) Ono, N.; Hamamoto, I.; Kawai, T.; Kaji, A.; Tamura, R.; Kakihana, 
M. Bull. Chem. Soe. Jpn. 1986,59,405-410. (e) Ono, N.; Hamamoto, I.; 
Kaji, A. J. Chem. SOC., Perkin. Trans. I 1986, 1439-1443. 

(3) (a) Ono, N.; Yanai, T.; Kamimura, A.; Kaji, A. J.  Chem. SOC., 
Chem. Commun. 1986,1285-1287. (b) Miyake, H.; Yamamura, K. Tet- 
rahedron Lett. 1986, 27, 3025-3028. 

0022-326318711952-1640$01.50/0 0 1987 American Chemical Society 


