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The intramolecular cycloaddition reaction of N-substituted 1,2-dihydropyridines 1 with (nitrosocarbonyl)benzene,
phenyl nitrosoformate, and benzyl nitrosoformate afforded 2,3,5-o0xadiazabicyclo[2.2.2]oct-7-enes 2, 5, and 7 and/or
2,3,6-oxadiazabicyclo[2.2.2]oct-7-enes 3, 6, and 8. The regiochemistry of the cycloaddition reaction is dependent
upon the electronic effects of substituents present in the dienophile and dienamide. The regiochemistry of the
cycloaddition products was determined with 3C NMR spectral data together with an X-ray analysis of 4b, a
product arising from a [3,3]-sigmatropic rearrangement reaction of 2b.

Various C-nitroso compounds are versatile reagents for
the preparation of 3,6-dihydro-1,2-oxazines, which have
been utilized for the preparation of 1,4-amino alcohol
derivatives.!  Although Kirby? has employed nitroso-
carbonyl compounds as dienophiles in Diels—Alder reac-
tions, the reaction with heterocyclic dienamines and
dienamides has not been reported. N-Substituted 1,2-
dihydropyridines (1) are useful synthons for use in hete-
rodiene condensation reactions and they have played a
significant role in the synthesis of various alkaloids® and
bicycloheterocycles of pharmacological interest.*” Insome
earlier studies we reported the reactions of 1,2-dihydro-
pyridines 1 with azides,* nitrosobenzene,® oxyamination
reagents,® and phenylsulfonyl cyanide N-oxide.” We now
report the Diels-Alder reaction of 1,2-dihydropyridines 1
with nitrosocarbonyl compounds of varied dienophilicity,
the electronic effect of substituents upon regiochemistry,
the stereochemistry of the cycloadducts formed, and the
structures of rearrangement products.

Chemistry
The reaction of N-acetyl-2-n-butyl-1,2-dihydropyridine
(1a) with N-benzoylhydroxylamine in the presence of
tetraethylammonium periodate at -78 °C in methylene
chloride afforded 2a as the major product (70% yield) and
4a as a minor product (about 5% yield, Scheme I). The

(1) Belleau, B.; Au-Young, Y. K. J. Am. Chem. Soc. 1963, 85, 64.

(2) Kirby, G. W. Chem. Soc. Rev. 1977, 6, 1.

(8) (a) Buchi, G.; Kulsa, P.; Ogasawara, K.; Rosati, R. L. J. Am. Chem.
Soc. 1970, 92, 999. (b) Sundberg, R. J.; Bloom, J. D. Tetrahedron Lett.
1978, 5157. (c) Mariano, P.; Dunaway-Mariano, G.; Huesmann, P. J. Org.
Chem. 1979, 44, 124. (d) Sundberg, R. J.; Bloom, J. D. J. Org. Chem.
1980, 45, 3382. (e) Wender, P. A,; Schaus, J. M.; White, A. W. J. Am.
Chem. Soc. 1980, 102, 6159. (f) Marazano, C.; Fourrey, J. L.; Das, B. C.
J. Chem. Soc., Chem. Commun. 1981, 37.

(4) (a) Ondrus, T. A.; Knaus, E. E.; Giam, C. S. Can. J. Chem. 1978,
56,1026. (b) Ondrus, T. A.; Knaus, E. E.; Giam, C. S. Can. J. Chem. 1979,
57, 2342.

(5) Knaus, E. E.; Avasthi, K.; Giam, C. S. Can. J. Chem. 1980, 58, 2447.

(6) Dubey, S. K.; Knaus, E. E. Can. J. Chem. 1983, 61, 565.

(7) Dubey, S. K.; Knaus, E. E. J. Org. Chem. 1984, 49, 123.

formation of both 2a and 4a initially suggested the ad-
dition of (nitrosocarbonyl)benzene to the C;—C; diene
system as well as the C4-C, olefinic bond of 1a had oc-
curred. It was subsequently observed that 2a undergoes
a slow conversion into 4a at room temperature, indicating
that 4a may not be a primary reaction product. Similar
reactions of 1b,c with (nitrosocarbonyl)benzene yielded
2b,c in 84% and 55% yield, respectively. The regioisomer
2b also undergoes a slow conversion to 4b at 25 °C. In
contrast 2¢ is stable at 25 °C, but heating a solution of 2¢
in Me,SO at 60 °C afforded 4¢ in quantitative yield. On
the other hand, a similar reaction of the 1,5-bis(meth-
oxycarbonyl)-1,2-dihydropyridine (1d) gave both regioi-
somers 2d and 3 in a 93% combined yield in a ratio of 4:1.
Regioisomer 3 is stable at 25 °C but 2d slowly converted
to 4d at room temperature.

Reaction of 1a,b with phenyl nitrosoformate yielded 5a,b
in 24% and 25.5% yield,? respectively, whereas reaction
with le gave both regioisomers 5¢ and 6 in 47% overall
yield in a ratio of 4:3, respectively. The related reactions
of 1a—c with benzyl nitrosoformate afforded regioisomers
7a—c and 8a-c. The regioisomer 8a could not be isolated
since it was converted to 9 (36.5% yield from 1a) during
silica gel chromatography, presumably due to reaction with
water. When a solution of 9 in methanol was heated at
reflux, 10 was obtained in near-quantitative yield. Silica
gel column purification of 8b gave rise to 11 and 12 in
13.6% and 6.8% yield, respectively, from 1b. The 'H
NMR spectrum of the reaction mixture containing 7b and
8b exhibited absorptions at 6 6.29 and 6.12 which can be
attributed to the H; proton of 8b.

Discussion

The assignment of the regio- and stereochemistry of
products 2-12 was based on their 'H and 3C NMR spectral

(8) The low yield of products in this series of compounds is attributed
to a low formation of the phenyl nitrosoformate. The crude reaction
mixture exhibited the smell of phenol and a substantial quantity of
unreacted N-substituted 1,2-dihydropyridines was recovered.

0022-3263/85/1950-2080$01.50/0 © 1985 American Chemical Society
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data and a single-crystal X-ray analysis for 4b. Proton
resonance assignments rest largely on decoupling experi-
ments, and carbon resonances were confirmed by irradia-
tion of the attached proton. The 'H NMR spectra for 2-12
showed the presence of rotational conformers due to re-
stricted rotation about the amide bonds5? present in these
molecules. Variable-temperature 'H NMR studies confirm
the existence of rotational conformers which coalesced
upon heating and returned to the same original ratio after
cooling.

A major part of this study was concerned with the as-
signment of the regiochemistry of the Diels—Alder adducts.
Examination of the 'H NMR spectra indicated some
conflicting results as indicated in the following discussion.
The dual resonances for H; of 5a at § 5.04 and 4.98 would
suggest that the regiochemistry of 5a is opposite to that
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shown in Scheme I. If this were true H; would give rise
to dual absorptions due to the vicinal NCOOPh moiety and
this regiochemistry would be consistent with the regio-
chemistry observed in an earlier study® of the Diels—Alder
adducts obtained from the reaction of 1a—e with nitroso-
benzene. However, the spectrum of 5b, which exhibited
a single resonance for H;, raised the question whether the
regiochemistry of 5a and 5b is the same or different.
Furthermore, reaction of 1¢ with phenyl nitrosoformate
afforded both regioisomers 5¢ and 6. The single resonances
observed for H; of 5¢ or H, of 6 indicate that even when
both regioisomers are available, the assignment of regio-
chemistry based on the dual resonances for H, as observed
for 5a is not possible. It has been reported!® that Eu(dpm),
binds selectively to the oxygen atom of amides, whereas
the fluorinated shift reagent Eu(fod); binds to both amide

(9) (a) Szarek, W. A.; Wolfe, S.; Jones, J. K. M. Tetrahedron Lett.
1964, 2743. (b) Yamamoto, G.; Raban, M. J. Org. Chem. 1976, 41, 3788.

(10) Rackham, D. M.,; Cockerill, A. F.; Harrison, R. G. Org. Magn.
Reson. 1978, 11, 424.
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Table I. '3C Nuclear Magnetic Resonance Data for
2,3,5-Oxadiazabicyclo[2.2.2]oct-7-enes®

compd C, C, Cq
2a 74.0, 734 60.8 58.7, 57.5
2b 70.6 (br) 60.0, 59.8 46.4
2c 75.9, 75.7 58.74, 59.93 61.5, 61.0
2d 73.2 61.6 57.7
5a 74.0, 73.3 63.3, 58.6 58.3, 57.5
5b 70.4, 70.0 60.8, 60.4 46.0
5¢ 75.5, 75.3 59.5, 58.5 63.4, 61.1
7a 72.8, 72.0 62.6 57.5, 56.5
7b 70.2 (br) 60.9, 60.6 46.3
7c 75.0 59.1, 58.4 63.4, 61.1

9 Spectra were obtained in CDCly at 25 °C; chemical shifts are in
6 units relative to tetramethylsilane.

Table II. *C Nuclear Magnetic Resonance Data for
2,3,6-Oxadiazabicyclo[2.2.2]Jocten-7-enes®

compd C, C, Cq
3 77.8 50.8 56.3
6 74.7, 719.7 56.6 59.3, 57.9
8c 74.3, 79.3 56.5 59.1, 57.8

¢Spectra were obtained in CDCl; at 25 °C; chemical shifts are in
6 units relative to tetramethylsilane.

oxygen and heteroatoms present in N-n-butyl-N-(4-
methyloxazol-2-yl)-2-methylpropionamide. When 2 molar
equiv of Eu(dpm), was added to solutions of 5¢ and 6 in
deuteriochloroform, H, of 5¢ was shifted downfield § 3.4
whereas H; (corresponding to H, of 5¢) of 6 was only
shifted downfield by é 1.5. This observation would support
the assigned regiochemistry for 5¢ and 6.

The 'H NMR spectra of 2a and 2¢ also exhibited dual
resonances for H;, whereas the H,; resonance of 2b ap-
peared as a single broad peak at § 4.94-5.08. It was ob-
served that compounds 2a—c underwent a rearrangement
reaction to other compounds subsequently shown to have
structures 4a—c. The 'H NMR spectra for 4a—c indicated
the presence of a 1,2,3,4-tetrahydropyridine ring structure.
Since 2a—c rearranged to the same structural ring system
4, the regiochemistry of products 2a—-c¢ must be the same,
irrespective of the fact that H, of 2a and 2c¢ exhibits dual
resonances while a single peak for H; of 2b is displayed.
Regioisomer 2d also rearranged to 4d while 3 was stable.

The 3C NMR spectral studies for compounds 2, 5, and
7 and 3, 6, and 8c provided a useful technique for assigning
the regiochemistry of the products as illustrated by the
results in Tables I and II, respectively. The C, resonance
or regioisomers 2, 5, and 7 is downfield relative to their
respective C, resonances, whereas the C; resonance (C,
equivalent of the other regioisomers 2, 5, and 7) of com-
pounds 3, 6, and 8c is downfield relative to the C, reso-
nance (C, equivalent of the other regioisomers). It was
expected that the oxygen atom would deshield the carbon
atom to which it is attached to a greater extent than would
the NCO group. It is known!! that the anisotropic effect
of the carbonyl group is much less pronounced in 1*C NMR
compared to 'H NMR. The carbon resonances for atoms
bonded to oxygen are 6 15-20 further downfield than those
of the corresponding carbon resonances for atoms bonded
to NCO (see Tables I and II). The anisotropic effect,
obtained from the chemical shift values for C;, C,, and Cs
or Cg, varies from & 0.5 to 1. The regiochemistry of com-
pounds 2a-d, 5a—c, and 7a—c¢ and 3, 6, and 8¢ was thus

(11) (a) “Carbon-13 Nuclear Magnetic Spectroscopy”, 2nd ed.; Levy,
G. C., Lichter, R. L., Nelson, G. L., Eds.; Wiley: New York, 1980. (b)
“Interpretation of Carbon-13 NMR Spectra”; Wehrli, F. W., Wirthin,
Eds.; Heyden: London, 1978.

Dubey and Knaus

assigned with the aid of 1*C NMR as described above and
illustrated in Scheme I.

The final proof for the regiochemical assignments was
provided by an X-ray crystal analysis'? for compound 4b.
The product 4b could arise via a [3,3]-sigmatropic rear-

i
!N/C——Ph
ZO/
8\ "4 N——CO2 M
s
7 e Ph

rangement of 2b only if the regiochemistry of 2b is as
shown in Scheme I. Compounds 3, 6, and 8¢ having the
opposite regiochemistry would not afford this product.
Similar rearrangements involving a [3,3]-sigmatropic shift!?
have been reported by Kirby. The failure of compounds
5 and 7 to undergo this rearrangement reaction may be due
to the decreased electron-withdrawing effect (due to the
mesomeric effect of the oxygen atom attached to the
carbonyl in 5 and 7) of the carbonyl group attached to N,
which is not sufficient to induce the C,~Nj shift necessary
for the rearrangement reaction.

Regioisomers 8a,b are quite labile and undergo a ring-
opening reaction upon reaction with water present in the
silica gel and/or solvents used for column chromatography.
In this way 8a gave 9 exclusively and 8b gave rise to 11
and 12. The product 8¢ was less labile than 8a and 8b and
was isolated from silica gel preparative TLC or column
chromatography. However, two other products were also
obtained from this latter purification operation which were
not identified. The relative stereochemistry of the C, and
C, substituents for 9 can be assigned readily since J, 5 =
0 Hz, which is possible only if both protons are equatorial.
This assignment is consistent with spectral data for 12,
where J,_; = 4.95 Hz and J5,8 = 0 Hz. The stereochem-
istry of the C¢ substituents for 9-12 could not be assigned
since the dihedral angles H-C;—C4s—H pseudoaxial and
H-C;—C¢~H pseudoequatorial are essentially the same.
Displacement of the Cg-OH of 9 upon reaction with
methanol afforded 10, which would have the same stere-
ochemistry at C, and C;. Since the coupling constants
H-C;-C¢-H for 9 (J5¢ = 3.3 Hz) and H-C;~C4—H for 10
(J56 = 3.6 Hz) are very similar it was not possible to assign
the substituent stereochemistry at C4 on the basis of J
values. Nuclear Overhauser enhancement (NOE) differ-
ence spectroscopy experiments for 10 did not provide any
additional information regarding the stereochemistry of
the Cg hydroxyl group.

The orientation of the C4 substituent for 2a,c,d, 5a,c,
and 7a,c was assigned endo on the basis of 'H NMR data.
Compounds 2b, 5b, and 7b exhibited H-C,-C¢~H,4, and
H-C,-Cq¢-H,,, coupling constants of 0 and 3.5 Hz, re-

(12) Complete details of the crystallographic study will be published
separately: Ball, R. G.; Dubey, S. K.; Knaus, E. E. Acta Crystallogr., Sect.
C: Struct. Papers, in press.

(18) Kirby, G. W.; MacKinnon, J. W. M. J. Chem. Soc., Chem. Com-
mun. 1977, 23.
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spectively. The J; 4 coupling constant for the 6-substituted
adducts is about 3.5 Hz. A comparison of the chemical
shift values for 2a and 2e¢, 5a and 5¢, and 7a and 7¢ in-
dicates that the C; phenyl group shields H; and the acetyl
methyl protons appreciably relative to the corresponding
analogues having a C4 butyl substituent. This is possible
only if the C4 phenyl group is endo. The orientation of
the Cg n-butyl substituent for 2a, 5a, and 7a was also
assigned endo since the J, g coupling constants are very
similar to those for 2e¢, 5¢, and 7¢. The same observations
were valid for 3, 6, and 8c.

The 'H NMR endo assignment for the Cg substituent
agrees with mechanistic considerations governing the
stereochemical outcome of Diels—Alder [4+4+2]7 cyclo-
addition reactions. Attack by the dienophile occurs at the
least hindered face of the 1,2-dihydropyridine opposite the
C, substituent to give the endo product.!*

Results

In a previous study we reported that reactions of 1,2-
dihydropyridines 1 with nitrosobenzene (PhIN=0) resulted
in the regiospecific formation of 13.5° The regiochemistry
CHz0

13
R = Me, OMe 14
R'= H, 7-Bu, Ph

CH3z0

R-ﬁph, COCH,Ph, Ph
0

of products 13 is the reverse of that for cycloadducts 2a-c
obtained from the reaction of la-e¢ with (nitroso-
carbonyl)benzene. Similar reactions of phenyl nitroso-
formate with la—c afforded predominantly or exclusively
regioisomers 5, while the reaction of benzyl nitrosoformate
with la—c yielded both regioisomers 7a—c¢ and 8a—c.
On the other hand, Kirby et al.!® have reported that
(nitrosocarbonyl)benzene, benzyl nitrosoformate, and ni-
trosobenzene each yielded the same regioisomer 15 upon
reaction with thebaine (14). Boger and Patel recently
reported that reaction of either an electron-rich or elec-
tron-deficient 2-substituted 1,3-cyclohexadiene with either

(14) Krow, G. R.; Carey, J. T.; Zacharias, D. E.; Knaus, E. E. J. Org.
Chem. 1982, 47, 1989,

(15) The reaction of N-acetyl-2-phenyl-1,2-dihydropyridine (1¢) with
nitrosobenzene was repeated, and the structure of the adduct was found
to be correct as reported earlier.® *C NMR spectral data (CDCly): 4 73.8
and 73.0 (C,), 63.2 (C,), 59.7 and 58.5 (Cs). The lithium aluminum
hydride reduction of this adduct afforded 1-ethyl-2-phenyl-3-(phenyl-
amino)-1,2,3,6-tetrahydropyridine, confirming the structure of the adduct
to be 18 (R! = Ph, R = Me).

(18) (a) Kirby, G. W.; MacKinnon, J. W, M,; Sharma, R. P. Tetrahe-
dron Lett. 1977, 215. (b) Kirby, G. W.; Bentley, K. W.; Horsewood, P.;
Singh, S. J. Chem. Soc., Perkin Trans. 1 1979, 3064.
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(nitrosocarbonyl)benzene or methyl nitrosoformate each
gave similar ratios of proximal and distal adducts (~3:1
ratio). These results were consistent with the prediction
that nitrosocarbonyl compounds behave as well-defined
electron-deficient 27-components in a normal (HOMO
diene controlled) Diels—Alder reaction with electron-rich
dienes. The reaction with electron-deficient 2-substituted
1,3-cyclohexadienes were consistent with either a normal
(HOMO diene controlled) or inverse electron demand
(LUMO diene controlled) Diels—-Alder reaction.!’

It has been proposed that Diels—Alder reactions in-
volving unsymmetrical dienes and/or dienophiles are
nonsynchronous and proceed via unsymmetrical transition
states where one of the forming CC bonds is short and
strong and the other is long and weak. The transition state
could then be regarded as a weakly perturbed biradical or
zwitterion. The regioselectivity of such reactions could
then be interpreted in terms of qualitative molecular or-
bital theory.1®

The results of our study indicate that the regiospecificity
and/or regioselectivity of the Diels—Alder reactions de-
scribed is highly dependent upon the electronic effects of
substituents present in the dienamides 1 and the nitroso
dienophile.

The application of regio 2, 5, and 7 and 3, 6, and 8¢ as
synthons for the preparation of substituted 1,4-amino
alcohols is being investigated.

Experimental Section

Melting points were determined with a Biichi capillary appa-
ratus and are uncorrected. Proton nuclear magnetic resonance
spectra were determined for solutions of deuteriochloroform or
deuteriodimethyl sulfoxide with a Bruker AM-300 spectrometer.
Double-resonance studies were used to confirm assignments. 13C
nuclear magnetic resonance spectra were determined for solutions
of deuteriochloroform with a Bruker AM-300 spectrometer op-
erating at 75.4 MHz. Infrared spectra were recorded on a Nicolet
5DX FT spectrometer. Mass spectra were measured on an AEI
MS-50 mass spectrometer. N-Substituted 1,2-dihydropyridines
1 were prepared by literature procedures.!® The required sub-
stituted carbonylhydroxylamines were prepared according to the
procedure of Boyland.?

5-Acetyl-3-[ (benzyloxy)carbonyl]-6-n-butyl-2,3,5-oxadia-
zabicyclo[2.2.2]oct-7-ene (7a) and 1-Acetyl-2(S(R))-n-bu-
tyl-6-hydroxy-3(S (R))-[N-hydroxy-N-((benzyloxy)-
carbonyl)amino]-1,2,3,6-tetrahydropyridine (9). General
Procedure. A solution of tetraethylammonium periodate? (6.42
g, 20 mmol) in 20 mL of dry methylene chloride was added
dropwise with stirring to a solution of 1-acetyl-2-n-butyl-1,2-di-
hydropyridine (3.1 g, 18 mmol) and N-[(benzyloxy)carbonyl]-
hydroxylamine® (3.34 g, 20 mmol) in 150 mL of dry methylene
chloride under a nitrogen atmosphere at -78 °C. The reaction
mixture was allowed to warm to 25 °C with continued stirring
for 6 h. The solvent was removed in vacuo, and the residue was
triturated with ether (50 mL) and then ethyl acetate (200 mL).
The solvent from the combined organic extracts was removed in
vacuo. The residue was chromatographed on a silica gel column
with ether—hexane (7:3 v/v) as eluant to yield 7a (2.0 g, 32.3%):
mp 69-70 °C; IR (KBr) 1739, 1700 (NCO,CH,), 1688 (NCOMe)
cm™}; 'H NMR (CDCl,) 6 7.4 (s, 5 H, Ph), 6.96 and 6.15 (dd and
br d (3:7 ratio), Jyg = 5.72 Hz, J,; = 1.9 Hz, 1 H, H,), 6.64-6.82
(m, Jy g = 7.65 Hz, 1 H, Hy), 6.4-6.64 (m, 1 H, Hy), 5.1-5.32 (m,
JeHggem = 15 Hz, 2 H, OCH,), 4.98 and 4.92 (2 m (3:7 ratio), J1 7
=58 Hz, J, 3 = 1.7 Hz, 1 H, H,), 4.2-4.3 and 3.96~4.04 (2 m (7:3
ratio), Jy¢ = 3.8 Hz, Jg o = 3.8 Hz and Jg oy = 10 Hz, 1 H,

(17) Boger, D. L.; Patel, M. J. Org. Chem. 1984, 49, 4098,

(18) (a) Dewar, M. J. S. J. Am. Chem. Soc. 1984, 106, 209. (b) Dewar,
M. J. S.; Pierini, A. B. J. Am. Chem. Soc. 1984, 106, 302.

(19) Giam, C. S.; Knaus, E. E,; Pasutto, F. M. J. Org. Chem. 1974, 39,
3565. (b) Fowler, F. W. J. Org. Chem. 1972, 37, 1321. (c) El Din, M. G.;
Knaus, E. E,; Giam, C. 8. Can. J. Chem. 1982, 60, 821.

(20) Boyland, E.; Nevy, R. J. Chem. Soc. C 1966, 354.

(21) Sklarz, B.; Al-Sayyab, A. F. J. Chem. Soc. 1964, 1318.
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Hy), 2.2 and 2.16 (2 s (7:3) ratio), 3 H, COCHj;), 1.82-1.96 and
1.52-1.7 (2 m (7:3 ratio), 1 H, Ci-CHH(CH,),CHj), 1.0-1.42 (m,
5 H, CHHYCH,),CH;), 0.84-0.96 (m, 3 H, (CH,);CH;). Anal.
Caled for C;gHy N,O,: C, 66.27; H, 6.97; N, 8.13. Found: C, 65.96;
H, 7.06; N, 7.99.

Continued elution with ethyl acetate afforded 9 as a foam (2.37
g, 36.5%); IR (KBr) 3320 (OH), 1703 (NCO,CH;, NCOCH3;), 1626
(C=C) cm™}; 'TH NMR (Me,SO-dg) § 9.24 and 9.08 (2 s (1:2 ratio),
1 H, NOH, exchanges with deuterium oxide), 7.34-7.5 (m, 5 H,
Ph), 6.08 (d, J,5 = 10.4 Hz of d, J5¢ = 3.3 Hz, 1 H, H;), 6.0 and
5.9 (d and br s, Jgog = 5 Hz, 1 H, C;-OH, exchanges with deu-
terium oxide), 5.68-5.84 (2d, J,5 = 10.4 Hz of d, J;, = 6 Hz of
d, Jys <1Hz, 1H, Hy), 59 and 5.47 (2 br s, on exchange with
deuterium oxide becomes a d, J5¢ = 3.3 Hz, 1 H, Hy), 5.08-5.26
{(m, 2 H, OCH,), 4.7 and 3.88 (2 t (2:1) ratio), Jycy, = 7.5 Hz, 1
H, H,), 4.42 (distorted t, becomes a d at +80 °C, J;, =6 Hz, 1
H, Hj), 2.12 and 1.95 (2 s, 3 H, COCHj,), 1.14-1.76 (m, 6 H,
(CH)3CHy), 0.74-0.9 (m, 3 H, (CH,)3CHy;); high-resolution mass
spectrum, exact mass caled for C,gHygN,O5 362.1842, found
362.1842.

Products 2a-d, 3, 5a—c, 6, 7b—c, and 8a—c were also prepared
by using this general procedure. Some of the chromatographic
separation and/or purification procedures used are described
below.

Silica gel column chromatography was used to remove traces
of 4a,b present in the reaction products 2a,b. Regioisomers 2d
and 3 were separated by a combination of column and TLC silica
gel chromatography. The reaction mixture was partially separated
initially on a silica gel column. Elution with ether-hexane (1:1
v/v) gave a mixture of 2d and 3 (0.7 g}, which was subsequently
separated by preparative TLC using 0.75-mm silica gel plates with
hexane—ether (1:1 v/v) as development solvent. Extraction of
the fractions with R; 0.35 gave 2d (106 mg) and R; 0.5 gave 3 (225
mg). Continued elution of the silica gel column using ether as
eluant gave 2d (1.12 g), which was purified to homogeny by a
second elution from a silica gel column as described above to yield
2d (718 mg).

The products 5a,b were purified by silica gel column chro-
matography with ether as eluant.

Regioisomers 5¢ and 6 (1.5 g) were separated by silica gel
column chromatography. The initial fraction obtained with
ether-hexane (7:3 v/v) as eluant exhibited an odor of phenol and
was discarded. Further elution with ether gave pure 5¢ (205 mg)
and then a mixture of 5¢ and 6 (625 mg). This latter mixture
was separated by preparative silica gel TLC using plates 0.75 mm
in thickness with ether as development solvent. Extraction of
the fractions having R; 0.4 gave 6 (300 mg) and R, 0.5 gave 5¢ (250
mg).

Regioisomers 7¢ and 8¢ (2 g of crude reaction mixture) were
separated by preparative silica gel TLC, using plates 0.75 mm
in thickness, with ether as a development solvent. Extraction
of the fractions having R; 0.45 yielded 8¢ (790 mg, 43.4%) and
R; 0.5 afforded 7¢ (245 mg, 26.9%).

Some physical data for 2,3,5-oxadiazabicyclo[2.2.2]oct-7-enes
2a-d, 5a—c, and 7Tb—c are listed below:

5-Acetyl-3-benzoyl-6-n -butyl-2,3,5-oxadiazabicyclo-
[2.2.2]oct-T-ene (2a): yield 70%; viscous oil; IR (film) 1663 (CO)
em ™ TH NMR (CDCl,, 25 °C) 6 7.8 (d, J = 7 Hz, 2 H, ortho phenyl
hydrogens), 7.44 (m, 3 H, meta and para phenyl hydrogens),
6.78-7.02 (m, 1 H, Hy), 6.4-6.7 (m, 2 H, H,, H,), 5.02-5.1 and
4.8-4.98 (2 m (3:7 ratio), 1 H, H,), 4.2-4.34 and 4.02-4.14 2 m
(7:3 ratio), J1 g = 3.3 Hz, Jgcanmt = 3.3 Hz, Jgcayy = 10 Hz, 1
H, Hg), 2.24 and 2.16 (2 s (7:3 ratio), 3 H, COCHjy), 1.9 and 1.6
(2 m (7:3 ratio), 1 H, C,.CHH(CH,);CHy), 1.0-1.5 (m, 5 H,
CHHYCH,),CH3), 0.9 (m, 3 H, (CH,)sCHj); high-resolution mass
spectrum, exact mass caled for C;gHoN,O3 314.1631, found
314.1628.

3-Benzoyl-5-(methoxycarbonyl)-2,3,5-oxadiazabicyclo-
[2.2.2]oct-7-ene (2b): yield 84%; viscous oil; IR (film) 1713 (COy),
1650 (CO) cm™%; 'H NMR (CDCl;) 6 7.72 (d, J = 7 Hz, 2 H, ortho
phenyl hydrogens), 7.45 (m, 3 H, meta and para phenyl hydro-
gens), 6.68-6.88 (m, 2 H, H,, Hy), 6.56-6.67 (m, 1 H, H,), 4.94-5.08
(m, 1 H, H,), 3.92-4.06 (d, Jy6exo = 3 Hz of d, Jggem = 11.5 Hz,
1 H, Hg o), 3.76 (s, 3 H, OCHy), 3.0 and 3.26 (2 d (1:1 ratio), Jggem
=11.5 Hz, 1 H, Hg4o); high-resolution mass spectrum, exact mass
caled for C{4H,,N,0, 274.0953, found 274.0950.

Dubey and Knaus

5-Acetyl-3-benzoyl-6-phenyl-2,3,5-0xadiazabicyclo[2.2.2]-
oct-7-ene (2¢): yield 55%; mp 162-163 °C; IR (KBr) 1670, 1657
(CO) em™; *H NMR (CDCly) 6 7.0-7.9 (m, 11 H, phenyl hydrogens,
H,), 6.72-6.9 (m, 1 H, Hy), 6.2-6.36 (m, 1 H, Hy), 5.33 and 5.45
(2 d (3:7 ratio), J; g = 3.85 Hz, 1 H, Hy), 5.02-5.14 and 4.88-4.96
(2 m (7:3 ratio), 1 H, H,), 2.4 and 1.9 (2 s (3:7 ratio), 3 H, COCHj,);
high-resolution mass spectrum, exact mass caled for CpoHsN,O;4
334.1333, found 334.1325. Anal. Caled for CyoH gN,O5: C, 71.85;
H, 5.38; N, 8.38. Found: C, 71.56; H, 5.41; N, 8.30.
3-Benzoyl-5,8-bis(methoxycarbonyl)-6-n -butyl-2,3,5-0xa-
diazabicyclo[2.2.2]oct-7-ene (2d): yield 75%; viscous oil; IR
(KBr) 1727 (CO,), 1640 (CO) cm™!; 'H NMR (Me,S0-dg) 6 8.02
(d, J = 7 Hz, 2 H, ortho phenyl hydrogens), 7.46-7.7 (m, 5 H,
phenyl hydrogens), 7.46-7.7 and.6.6 (2 m (1:3 ratio), 1 H, H,),
7.5 (m, 1 H, H,), 545 (d, J,; = 6 Hz of d, J; s = 3.5 Hz, 1 H, H,),
4.02-4.12 (m, Jl,S =3.5 HZ, JG,C(H)HI =44 Hz and JS,C(H‘)H =99
Hz, 1 H, Hg), 3.66 and 3.77 (2 s, 6 H, OMe), 0.9-1.7 (m, 9 H,
n-C4Hg); high-resolution mass spectrum, exact mass calcd for
C0Hp4N,04 388.1640, found 388.1641.
5-Acetyl-3-(phenoxycarbonyl)-6-n-butyl-2,3,5-0xadiaza-
bicyclo[2.2.2]oct-7-ene (5a): yield 24% mp 97-98 °C; IR (KBr)
1756 (CO,), 1662 (CO) cm™; 'H NMR (CDCly) 6 7.1-7.48 (m, 5
H, phenyl hydrogens), 7.09 and 6.23 (2d, J,5 = 5.8 Hz of d, J;
= 1.15 Hz (3:7 ratio), 1 H, H,), 6.85-6.94 (d, J;5 = 8.1 Hz of d,
J4‘5 =58 HZ, of d, JI,B =18 HZ, 1 H, Hg), 6.67 and 6.01 (2 d, J1‘7
=54Hzof d, Jy5 = 8.1 Hz of d, J, = 1.15 Hz, 1 H, H,), 5.04
and 4.98 (2 m (3:7 ratio), 1 H, H,), 4.32 and 4.0-4.1 (2 m (7:3 ratio),
JI,S =4 HZ, JG'C(H)HI =4 HZ, JG,C(Hl)H =10.2 HZ), 1 H, HS)v 2.26
and 2.18 (2 s (ratio 7:3), 3 H, COCHj,), 1.86-2.0 and 1.04-1.4 (2
m (7:3 ratio), 1 H, CHH*(CH,),CHj), 1.04-1.4 (m, 5 H, CH!H-
(CH,);CH,), 0.84-0.96 (m, 3 H, (CH,)yCH3). Variable-temperature
'H NMR studies confirmed the existence of rotational conformers
which coalesced upon heating and returned to the same original
ratio after cooling: 'H NMR (Me,SO-dg, 25 °C) 6 7.04 and 6.99
(Hyg), 6.88 and 6.41 (H,), 6.74 (H,), 5.3 and 5.2 (H,), 4.02-4.14 (Hy).
Heating the sample to 80 °C induced coalescence of the rotamers
(single resonances) to exhibit the following spectral data: 'H NMR
6 8.96 (Hy), 6.7 (Hy), 6.2-6.9 (br peak, H,), 5.13 (H;), 4.07 (Hy).
Anal. Caled for CigHyN,Oy: C, 65.45; H, 6.66; N, 8.48. Found:
C, 65.42; H, 6.74; N, 8.38.
5-(Methoxycarbonyl)-3-(phenoxycarbonyl)-2,3,5-0xadia-
zabicyclo[2.2.2]oct-7-ene (5b): vield 25.5%; mp 128-129 °C;
IR (KBr) 1718 and 1690 (CO,) cm™}; 'H NMR (CDCly) 5 7.1-7.45
(m 5 H, phenyl hydrogens), 6.8-6.96 (m, 1 H, Hg), 6.6-6.8 (m, 1
H, H.), 6.6-6.8 and 6.5-6.6 (2 m (1:1 ratio), H,), 4.94-5.10 (m, 1
H, H)), 3.94 (d, Jggem = 12 Hz 0f d, Jge501 = 3 Hz, 1 H, Hg oy,
3.76 and 3.78 (2 s (1:1 ratio), 3 H, OCHj,), 3.16 and 3.24 (2d (1:1
ratio), Jggem = 12 Hz, 1 H, Hg enao). Anal. Caled for C;,H;,NyOs:
C, 57.93; H, 4.82; N, 9.65. Found: C, 57.75; H, 4.87; N, 9.53.
5-Acetyl-3-(phenoxycarbonyl)-6-phenyl-2,3,5-0xadiazabi-
cyclo[2.2.2)oct-7-ene (5¢): yield 27%; foam; IR (KBr) 1757 and
1724 (COy), 1619 and 1610 (CO) cm™; 'H NMR (CDCly) 6 7.15-7.52
(m, 5 H, phenyl hydrogens), 7.35 and 6.52 (2 br d (4:1 ratio), H,),
6.98-7.06 (m, J, s = 6 Hz, J,3 = 8 Hz, 1 H, H), 6.3-6.46 (m, J; 4
=8Hz J;;=5.6Hz 1 H,H,),55and 529 (2d, J,4 =3.8 Hz
(1:4 ratio), 1 H, Hg), 5.02-5.08 (m, 1 H, H;), 2.42 and 1.88 (2 s
(1:4 ratio), 3 H, COCHj;); high-resolution mass spectrum, exact
mass caled for CooH 4N,O, 350.1266, found 350.1268.
5-(Methoxycarbonyl)-3-[(benzyloxy)carbonyl]-2,3,5-0xa-
diazabicyclo[2.2.2]oct-7-ene (7b): yield 41%; viscous oil; IR
(film) 1744 and 1714 (COy) em™; 'H NMR (CDCly) 6 7.4 (m, 5
H, phenyl hydrogens), 6.7-6.78 (m, 1 H, Hy), 6.56-6.7 and 6.44
(m and br d (6.5:3.5 ratio), J4¢ = 5 Hz, 1 H, H,), 6.56-6.7 (m, 1
H, H,), 516-5.3 (m, J,,,, = 15 Hz, 2 H, OCH,), 4.92-5.0 (m, 1 H,
Hy), 3.9 (d, Jgexo1 = 3.85 Hz of d, Jgger, = 11 Hz, 1 H, Hg.s,), 3.76
(s, 3H, OCH,), 3.18 and 3.14 (2 d, Jggem = 11 Hz, 1 H, Hg oa0);
high-resolution mass spectrum, exact mass caled for C;;H,;4N;0;
304.1056, found 304.1055.
5-Acetyl-3-[(benzyloxy)carbonyl]-6-phenyl-2,3,5-oxadia-
zabicyclo[2.2.2]oct-7-ene (7c): yield 26.9%; foam; IR (KBr)
1739, 1711 (CO,), 1668 (CO) em!; CyyHyoN,0, NMR (CDCl,) 6
7.4 (m, 10 H, phenyl hydrogens), 7.2 and 6.4 (2 br d (4:1 ratio),
Jyg = 5.5 Hz, J,; = 2.2 Hz, 1 H, H,), 6.8-6.94 (m, J;5 = 8 Hz,
1H, Hy), 6.2-6.38 (m, J,; = 5.4 Hz, 1 H, Hy), 5.43 and 5.23 (2
d (1:4 ratio), J, 6 = 3.75 Hz, 1 H, Hg), 5.14-5.36 (m, J,,, = 15 Hz,
9 H, OCH,), 4.94-5.0 (m, J, 4 = 3.75 Hz, J,, = 5.4 Hz, 1 H, Hy),
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2.32 and 1.82 (2 s (1:4 ratio), 3 H, COCHy); high-resolution mass
spectrum, exact mass caled for CyHgoN;O, 364.1418, found
364.1417.
Some physical data for 2,3,6-oxadiazabicyclo[2.2.2]oct-7—enes
3, 6, and 8c are listed below:
3-Benzoyl-5-n-butyl-6,7-bis(methoxycarbonyl)-2,3,6-0xa-
diazabicyclo[2.2.2]Joct-7-ene (3): yield 18%; viscous oil; IR (KBr)
1727 (CO,), 1660, 1640 (CO) cm™; 'H NMR (CDCly) 6 7.8 and
7.4-7.5 (m, 5 H, phenyl hydrogens), 7.62 (m, 1 H, Hy), 6.52 (br
s, 1 H, H,), 5.44-5.56 (m, J,3 = 5.6 Hz, J,; = 2.5 Hz, 1 H, H),
4.1-4.2 (m, J4,5 =25 HZ, J5,C(H)H1 =45 HZ, J5,C(H1)H =9.0 HZ, 1
H, H;), 3.88 (s, 3 H, OMe), 3.86 (s, 3 H, OMe), 1.85, 1.32, and 0.96
(m, 9 H, CH,CH,CH,CHy); high-resolution mass spectrum, exact
mass caled for CooHy,N,O4 388.1633, found 388.1633.
6-Acetyl-3-(phenoxycarbonyl)-5-phenyl-2,3,6-oxadiazabi-
cyclo[2.2.2]oct-T-ene (6): yield 20%; foam; IR (KBr) 1754, 1724
(COy), 1671 (CO) cm™; TH NMR (CDCly) 6 7.12-7.52 (m, 10 H,
phenyl hydrogens), 7.0 and 6.19 (2d, J;; = 5.5 Hz of d, J; g =
1.6 Hz (3:1 ratio), 1 H, H,), 6.84-6.92 (m, J;5 = 8 Hz, J; ; = 5.5
HZ, 1 H, H7), 6.32-6.52 (m, J4,8 =5.75 HZ, J7,8 =8 HZ, 1 H, Hs),
5.48 and 5.26 (2 d, J5 = 3.8 Hz (1:3 ratio), 1 H, Hy), 5.16-5.24
(m, 1 H, H,), 2.38 and 1.88 (2 s, 3 H, COCHj,); high-resolution
mass spectrum, exact mass caled for CyH;sN,0, 350.1267, found
350-1259.
6-Acetyl-3-[(benzyloxy)carbonyl]-5-phenyl-2,3,6-0xadia-
zabicyclo[2.2.2]oct-7-ene (8¢): yield 43.4%; mp 118-120 °C;
IR (KBr) 1745, 1713 (CO,), 1676 (CO) em™; *H NMR (CDCly)
6 7.1~7.48 (m, 10 H, phenyl hydrogens), 6.92 and 6.12 (dd and
brd, J;; = 5.5 Hz, J, s = 1.65 Hz (4:1 ratio), 1 H, H;), 6.76-6.86
(m, J7,8 =8 HZ, J1‘7 =55 HZ, 1 H, H7)y 6.2-6.34 (m, J7,8 =8 HZ,
1 H, Hy), 5.38 and 5.16 (br d and d, J;5 = 2.75 Hz (1:4) ratio),
1 H, Hy), 5.14-5.3 (m, ., = 15 Hz, 2 H, OCHj), 5.02-5.1 (m, 1
H, H,), 2.3 and 1.78 (2 s (1:4 ratio), 3 H, OCHj); high-resolution
mass spectrum, exact mass caled for CyHyN,O, 364.1429, found
364.1430.
7-Acetyl-3,8-diphenyl-4a,7,8,8a-tetrahydropyrido(4,3-e]-
1,4,2-dioxazine (4c). A solution of 2¢ (0.0334 g, 1 mmol) in 5
mL of dry dimethyl sulfoxide was heated at 55-60 °C with stirring
for 48 h. The solution was cooled to 25 °C and water (10 mL)
was added. Extraction with ether (5 X 20 mL), drying (Na,SO,),
and removal of the solvent in vacuo afforded 4¢ (0.32 g, 95.8%):
mp 176-177 °C (EtOH); IR (KBr) 1677 (NCOCHy,), 1647 (C=N),
1614 (C=C) cm™; TH NMR (Me,S0-dg) § 7.75 and 7.3-7.6 (dd
and m, 10 H, 2 Ph), 7.24 (br d, J;5 = 8.5 Hz, Jy, 6 = 1 Hz, Jgg <
1 Hz, 1 H, Hy), 582 and 5.7 (d and br s, Jgg, = 3.25 Hz, 1 H, Hy),
5.13 and 4.95 (br d and d, J; 4 = 8.5 Hz of d, J,,5 = 3.25 Hz of
d, Jg. s = 3.25 Hz of d, J55, = 2.0 Hz, 1 H, Hy), 2.32,2.02 (25, 3
H, COCH3). Anal. Calced for C,0H;3N,Og: C, 71.85; H, 5.38; N,
8.38. Found: C, 71.77; H, 5.59; N, 8.18.
7-Acetyl-8-n-butyl-4a,7,8,8a-tetrahydropyrido[4,3-e }-
1,4,2-dioxazine (4a). Compound 2a upon standing at 25 °C for
15 days rearranged completely to 4a: viscous oil; IR (neat) 1678
(CO), 1642 (C=N), 1612 (C=C) cm; 'H NMR (Me,SO-d) 5 7.70
and 7.42-7.56 (dd and m, 5 H, Ph), 7.15 and 6.98 (2 br d, J;5 =
8.5 Hz, Jy,¢ = 1.5 Hz, Jg3 = 1 Hz, 1 H, Hg), 5.32-5.38 (m, J 5
= 2.2 Hz, J 5, = 2.2 Hz, 1 H, H,), 5.04 and 4.92 (d, J5¢ = 8.5
Hzof d, J5 4y = 2.2 Hz of d, J35, = 2.2 Hz, 1 H, H;), 4.70 and 4.34
(d, Jgg, = 3.0 Hz of t, Jycu, = 7.58 Hz, 1 H, Hy), 4.18-4.28 (m,
JS&,B = 3.0 HZ, J83,4a =22 HZ, JBB,S = 2.2 HZ, 1 H, H53)9 2.16 (S,
3 H, COCHjy), 1.20-1.60 (m, 6 H, (CH,);CHj,), 0.86 (t, 3 H,
(CH,);CH3); high-resolution mass spectrum, exact mass calcd for
CISH22N203 314.1630, found 314.1626.
7-(Methoxycarbonyl)-3-phenyl-4a,7,8,8a-tetrahydro-
pyrido[4,3-e]-1,4,2-dioxazine (4b). Compound 2b upon standing
at 25 °C for 15 days rearranged completely to 4b: mp 128-130
°C; IR (KBr) 1715, 1705 (CO), 1652 (C=N), 1614 (C=C) cm™;
'H NMR (Me,SO-dg, +70 °C) 6 7.74-7.80 and 7.44-7.56 (2 m, 5
H, Ph), 6.96 (bl' d, J5_5 =8.5 HZ, 1 H, He), 5.24-5.29 (m, J4a,5 =
2.0 HZ, J4a,6 =2 HZ, J4a,Sa = 3.0 HZ, 1 H, H4a)1 5.02 (bl‘ d, J5,6 =
8.5 HZ, 1 H, H5), 4,34-4.40 (m, JB&,qu =5 Hz, Jga‘g =25 HZ, Jsa'“
= 3.0 Hz, 1 H, Hg,), 4.0 (d, Jgper = 14.5 Hz of d, Jg_g, = 5 Hz,
1 H, Hg,), 3.77 (s, 3 H, COOCHj), 3.72 (br d, Jygem = 14.5 Hz of
d, Js.ns‘ =2.5 Hz, 1 H, Hs.x). Anal. Calcd for CI4H14N204: C, 61-31;
H, 5.10; N, 10.21. Found: C, 60.98; H, 5.01; N, 10.0.
8-n -Butyl-5,7-bis(methoxycarbonyl)-4a,7,8,8a-tetra-
hydropyrido[4,3-e]-1,4,2-dioxazine (4d). Compound 2d upon
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standing at 25 °C for 15 days rearranged completely to 4d: mp
92-93 °C; IR (KBr) 1737, 1712 (CO,CH,, NCO,CHy), 1635 (C=N)
em™; 'H NMR (CDCly) 6 8.12 (br s, Jg5 < 1 Hz, 1 H, Hy), 7.87
and 7.38-7.52 (dd and m, 5 H, Ph), 5.40 (d, Jy,5, = 4 Hz of d, J 6
=1Hz, 1H, H,,), 4.60 (brd, Jgg, = 3.5 Hz of t, Jy cyy, = 7.0 Ha,
1 H, Ha), 4.26 and 4.24 (2 d, J4a,85 =4 Hz of d, JS,BG =35 HZ, 1
H, Hg,), 3.90 and 3.81 (2 s, 3 H each, CO,CH;, NCO,CH,),
1.32-1.76 (m, 6 H, (CH,);CHy), 0.93 (t, 3 H, (CH,),CH3); high-
resolution mass spectrum, exact mass caled for CooHgyNyOg
388.1634, found 388.1635.

3-[(Benzyloxy)carbonyl]}-5-(methoxycarbonyl)-2,3,5-0xa-
diazabicyclo[2.2.2]oct-7-ene (7b), 6-Hydroxy-1-(methoxy-
carbonyl)-3(R(S))-[ N-hydroxy-N-((benzyloxy)carbonyl)-
amino]-1,2,3,6-tetrahydropyridine (11), and 6-Hydroxy-1-
(methoxycarbonyl)-3(R(S))-[N-hydroxy-N-((benzyloxy)-
carbonyl)amino]-1,2,3,6-tetrahydropyridine (12). The reaction
of 1b with benzyl nitrosoformate was carried out as outlined in
the general procedure. The reaction mixture, containing 7b and
8b, was separated by using a silica gel column. The early ether
eluant fractions afforded pure 7b (500 mg). Continued elution
gave a mixture of 7h, 11, and 12 (750 mg) in which 7b was the
major component. Further elution with ethyl acetate gave a
mixture of 11 and 12 (0.66 g), which was separated by preparative
silica gel TLC using plates 0.75 mm in thickness with ethyl acetate
as development solvent. Extraction of the fractions having R,
0.35 gave 11 (171 mg) and R, 0.3 gave 12 (88 mg).

The product 11 was obtained in 13.6% yield as a foam: IR
(KBr) 3250-3480 (NOH, OH), 1704, 1684 (NCOOCH,, NCOOCH,)
em™; 'H NMR (Me,SO-dg, +70 °C) 8 9.30 (s, 1 H, NOH, exchanges
with deuterium oxide), 7.30-7.46 (m, 5 H, Ph), 5.82 (br s, 2 H,
H,, Hy), 5.89 (d, Jgou = 5.5 Hz, 1 H, OH, exchanges with deu-
terium oxide), 5.57 (br d, Jgou = 5.5 Hz, Jg3 ~ 1 Hz, 1 H, Hy),
5.12-5.22 (m, 2 H, CH,Ph), 4.54 (d, J3,, = 11.5 Hz of d, J3, =
5.5 Hz, 1 H, Hy), 3.90 (d, Jy4em = 11.5 Hz of d, J;,_5 = 5.5 Hz, 1
H, H, ), 3.67 (s, 3 H, CHy), 3.26 (d, Jypem = 11.5 Hz of d, Jp_5
= 11.5 Hz, 1 H, H, ); high-resolution mass spectrum, exact mass
caled for Cl5HlsN265 (M* - 18) 304.1059, found 304.1050; CI mass
spectrum, (M + NH,)* 340.

The product 12 was obtained in 6.8% yield as a low-melting
solid: IR (KBr) 3492-3250 (OH), 1695, 1660 (NCOOCHS,,
NCOOCHj,) cm™; 'H NMR (Me,S0-dg, +50 °C) 6 9.08 (s, 1 H,
NOH, exchanges with D,0), 7.32-7.48 (m, 5 H, Ph), 6.06 (d, J,5
=10.1 Hz of d, J5 = 495 Hz, 1 H, Hy), 5.78-5.88 (m, Jg o = 4.95
Hz, J 3 = 4.95 Hz, J, 5 = 10.1 Hz, 2 H, C4-OH, exchanges with
deuterium oxide, 1 H, Hy), 5.60 (d, Jyou = 4.95 Hz of d, Jg5 =
4.95 Hz, becomes a d, Jg5 = 4.95 Hz, after deuterium oxide
exchange, 1 H, Hy), 5.16 (s, 2 H, CH,Ph), 4.40 (br d, J, 3 = 4.95
Hzof d, J3,, =495 Hz of d, J55 = 1 Hz, 1 H, Hy), 410 (d, J3 o
=143 Hz,J;_, = <1Hz, 1 H, H, ), 3.60 (s, 3 H, CH,), 3.36 (d,
3 gem = 14.3 Az of d, Jy, 3 =495 ﬁz, 1 H, H;_); high-resolution
mass spectrum, exact mass caled for C;;H;gN;0; (M* - 18)
304.1059, found 304.1056; CI mass spectrum, (M + NH,)* 340.

1-Acetyl-2(R (S ))-n-butyl-6-methoxy-3(R (S))-[N-
hydroxy-N-((benzyloxy)carbonyl)amino]-1,2,3,6-tetra-
hydropyridine (10). A solution of 9 (0.362 g, 1 mmol) in dry
methanol (10 mL) was heated at reflux for 2 h. The solvent was
removed in vacuo, and the residue was triturated first with hexane
and then with ether. The product 10 was removed by filtration
as a white solid, (0.35 g, 93%): mp 123-124 °C; IR (KBr) 3261
(OH), 1723 (NCOOCH,), 1691, 1675 (NCOCHjy), 1627 (C=C) cm™;
IH NMR (MexSO-dg) 6 9.26 and 9.10 (2 5, (6.5:3.5 ratio), 1 H, NOH,
exchanges with D,0), 7.34-7.50 (m, 5 H, Ph), 6.26 and 6.13 (2 d,
J54=9.5Hzof d, J56 = 3.6 Hz of d, J; 3 = 1.5 Hz (3.5:6.5 ratio),
1H, Hy), 5.88 and 5.74 (2 d (3.5:6.5 ratio), J,5 = 9.5 Hz of d, J; 5
= 5.4 Hz of d, J4’2 =1.1Hzof d, J4,6 =1.2 HZ, 1 H, H4)y 5.87 and
5.20 (2 d (6.5:3.5 ratio), Jgs = 3.8 Hz of d, J5 4 = 1.2 Hz of d, Jg 5
< 1Hz,1H, Hy), 5.10-5.26 (m, 2 H, CH,Ph), 4.70, 3.91, and 3.88
(t and dd, Jycn, = 7.6 Hz, J, 4 = 1.1 Hz, 1 H, H,), 4.42 and 4.38
(2brd, J;4 = 5.4 Hz, 1 H, Hj), 3.34 and 3.32 (2 5, 3 H, OCHj),
2.10 and 2.0 (25, 3 H, COCHj,), 1.12-1.72 (m, 6 H, (CH,);CHj),
0.64-0.88 (m, 3 H, (CHz)chg). Anal. Caled for 020H23N205: C,
63.82; H, 7.44; N, 7.44. Found: C, 63.56; H, 7.62; N, 7.31.
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Complexation of Alkyltin Trichlorides
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The synthesis of macrocyclic ligands 3, 4, and 7 for alkyltin trichloride (RSnCl;) encapsulation is described.
Key reactions were the condensation of p-MeOCH,C;H MgBr with 6,6’-dibromo-2,2’-bipyridine, ring closures
in dimethylformamide containing Cs,COj3, and oxidation of a bipyridyl precursor (1) to its N,N’-dioxide with
buffered aqueous HyO, in AcOH. The preparation of 4,4'-di-tert-butyl-2,2’-bipyridine 1,1’-dioxide (8) is also
reported. The affinity of 8 for MeSnCl; was greater than that of 4-tert-butylpyridine 1-oxide, while the affinity
of 7 was less than that of 5. However, 7 was a better inhibitor of the BuSnCl;-catalyzed degradation of
trans-4-chloro-5-decene than 5. The ability of the ligands to bind RSnCl; is evaluated in light of earlier work
on organotin chloride—Lewis base interactions, and the relevance of the experiments to the design of additives
for alkyltin trithiolate stabilizers for poly(vinyl chloride) is considered.

Monoalkyltin(IV) thiolates (RSn(SR’)3) are effective
short-term color stabilizers! for poly(vinyl chloride) (PVC).
This may be attributed to their ability to convert allylic
and tertiary chloride moieties at defect sites on the poly-
mer into much more stable alkyl sulfide groups, thereby
preventing dehydrochlorination reactions that lead to the
unwanted formation of colored polyene chains. Unfortu-
nately, the byproducts of the stabilization process include
Lewis acidic monoorganotin trichlorides (RSnCly), which
catalyze? the very dehydrochlorinations that are supposed
to be prevented by the stabilizers. Because of this serious
disadvantage, RSn(SR’); stabilizers are of limited utility?
in commercial PVC.

Model reactions for both the stabilization® and dehy-
drochlorination? processes have recently been described,
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ORRaSn(SR, L RSnCey ORR,SACE,
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cg

e B RS
. —p
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and the mechanisms seem to involve coordination of the
chloride leaving group to the tin atom. It was demon-
strated* that weak Lewis bases, which form complexes with
RSnCl,, retard the RSnCl;-promoted elimination of HCI
from an allylic chloride in nonpolar media, with a direct
correlation between the effectiveness of the base as an
inhibitor of dehydrochlorination and the affinity of the

(1) Brecker, L. R. Pure Appl. Chem. 1981, 53, 577-82.

(2) Rockett, B. W.; Hadlington, M.; Poyner, W. R. J. Appl. Polym. Sci.
1974, 18, 745-52. Van Hoang, T.; Michel, A.; Guyot, A. Polym. Degra-
dation Stab. 1980-1981, 3, 137-44.

(3) Katz, H. E.; Starnes, W. H., Jr. J. Org. Chem. 1984, 49, 2758-61.

(4) Katz, H. E.; Starnes, W. H., Jr. Macromolecules 1984, 17, 2241-3.

base for the tin atom in solution. In addition, the model
stabilization reaction was found to occur even in the
presence of the Lewis bases. Therefore, it was proposed
that a PVC stabilizer formulation containing RSn(SR’)4
and a Lewis base might forestall the degradation of PVC
over a longer time than would the thiolate alone.

Among the Lewis bases considered, pyridine N-oxide
was the superior inhibitor of allylic chloride degradation
and also the strongest complexing agent for RSnCl;. It
was therefore of interest to investigate the RSnCl;-com-
plexing behavior of pyridine N-oxide groups when incor-
porated into chelating and macrocyclic ligands. If chelating
ligands were to exhibit stronger RSnCly affinities than
monodentate ligands, the former would be expected to act
as improved dehydrochlorination inhibitors based on
previous studies. Macrocyclic ligands might further
deactivate RSnCl; by sterically blocking access of the labile
substrate to the catalytically important orbitals on the tin
atom. :

In this paper, we report full experimental details of the
synthesis of novel chelating and macrocyclic ligands for
RSnCl;. The ability of the ligands to bind RSnCl, is
evaluated in light of earlier work on organotin chloride-
Lewis base interactions, and the action of a macrocyclic
bipyridine N,N’-dioxide as an inhibitor of RSnCl;-cata-
lyzed allylic chloride degradation is briefly considered.
Some of the synthetic methodology has been reported in
a preliminary communication.’

Results
The synthesis of the bipyridine cycles is outlined in
Schemes I and II. The Grignard reagent® from 1-
bromo-4-(methoxymethyl)benzene was coupled to 6,6
dibromo-2,2’-bipyridine” with (PPh,),NiCl, to obtain di-

(5) Katz, H. E. Tetrahedron Lett. 1984, 25, 4905-8.

(8) Forrester, A. R.; Henderson, J.; Hepburn, S. P. J. Chem. Soc.,
Perkin Trans. 1 1981, 1165-72.

(7) Parks, J. E.; Wagner, B. E.; Holm, R. H. J. Organomet. Chem.
1978, 56, 53-66.
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