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(CH3)3SiN3

RX SnClg/CHZ Clg or CHCly RN3 + (CH3)3SiX
X=Cl, or Br
N3
1*Ry,R2,R3=H 7
2=Ry=CH3; Rz, R3=H 6

3=R;,Rz*CHz;R3=H
4:=Ry,Rp, R3=CH3

5 O~ o

solvent to provide the corresponding azides. However, the
reaction does not proceed with unactivated alkyl halides.
We have found now in our studies that polycyclic ada-
mantyl,?® diamantyl related halides and cyclic cyclohexyl
and cyclopentyl halides react with trimethylsilyl azides
under stannic chloride catalysis to give the corresponding
azides in moderate to excellent yields (Table I).

The reaction works well with both tertiary bridgehead
as well as with secondary halides. This is significant, since
secondary hydroxy compounds do not give the secondary
azides directly using the NaNy/H,SO, method.® The
presently developed procedure to prepare polycyclic and
cyclic azides using readily available trimethylsilyl azide is
superior to other existing methods for its convenience, good
yields, and general applicability to both secondary and
tertiary systems.

Experimental Section

To a stirred solution of the polycyclic or cyclic halide and
trimethylsilyl azide® (relative ratios in Table I) in 50 mL of dry
dichloromethane or chloroform under nitrogen at 0 °C is added
stannic chloride®® catalyst (see table for the exact amount). After
the addition, the mixture was brought to room temperature
followed by prolonged stirring or reflux for the stipulated period
of time (Table I). After the reaction was complete the mixture
was quenched with ice-water (100 mL) followed by methylene
chloride or chloroform extraction (2 X 100 mL). The organic layer
was dried over anhydrous MgSO, and evaporated to obtain the
crude azide. The crude azide was further purified, when necessary,
on a silica gel column using hexane-dichloromethane eluent (20:1)
or fractional distillation. The purity of the product azide was
confirmed by *C NMR (Table I), IR, and melting point mea-
surement.
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Since the discovery that 68-bromo-%° (1a) and 68-iodo-
penicillanic acid®* (1b) are inhibitors of 8-lactamase en-
zymes, the synthesis of penicillanic acid derivatives with
simple substituents in the 68-orientation has become an
area of considerable interest. Three principal routes for
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preparing 68-halopenicillanic acids have been explored: (i)
epimerization by base of 6a-halopenicillanic acids (Br, Cl
or I);%%8 (ii) selective reduction by Bu;SnH of 6,6-di-
bromopenicillanic acid® and its benzyl” and trimethylsilyl
esters® and nucleophilic Sy2 displacement on penicillin
6-triflates or nonaflates with the soft nucleophiles iodide,
bromide, and chloride, among others, leading to the 68-
or 6a-halopenicillanates.*® However, in all the methods,
the reported overall yields were poor.

We have recently begun to study the chemistry of the
6-position of penicillin,'® and here we report a simple and
efficient synthesis of three (pivaloyloxy)methyl (Pom)
68-halopenicillanates 3a-c by Sy2 nucleophilic displace-
ment on Pom 6a-[(fluorosulfonyl)oxy]penicillanate (2).

It has been reported that fluorosulfonate is a very good
leaving group,!»!? and, moreover, we have found that this
group can be conveniently and stereospecifically intro-
duced at the 6a-position by a single step procedure in a
reasonable yield (60%) by treatment of Pom 68-amino-
penicillanate with tert-butyl nitrite and fluorosulfonic acid
in methylene dichloride. 6a-[(Fluorosulfonyl)oxy]-
penicillanate (2) gave the 63-halopenicillanates 3a—c in
high yields (better than 90%) upon treatment with 1.0
equiv of tetrabutylammonium halide (Cl-, Br~, and I') in
THF (Scheme I). However, attempts to convert 2 into
the corresponding 68-fluoropenicillanate employing tet-
rabutylammonium fluoride (TBAF)!3* under the same
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conditions led only to starting material. The same result
was obtained when 2 was treated with TBAF/Si0,!® in
THF or Amberlyst A-26 (F-)!6 in refluxing benzene for 15
h. Longer periods of heating or higher temperatures re-
sulted in an intractable mixtures of products. The use of
KF-18-crown-6 complex,” dissolved in CHCI, with the aid
of CH;0H, led to the corresponding dihydrothiazine 4

CH3
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| 2

“COzPom
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through a well-established rearrangement process!® ini-
tiated by attack of the hard methoxide or fluoride nu-
cleophiles on the hard carbonyl group of the penam nu-
cleus. The failure of these displacement reactions are
presumably due to the fact that “naked” fluoride is hard-
er'? than other nucleophiles used successfully*® and a
rather strong base.

The Pom 64-chloro- and 68-iodopenicillanates (3a and
3c) are quite stable and samples have been stored for one
month at 0 °C without significant decomposition. In
contrast, the Pom 68-bromopenicillanate (3b) is less stable
and decomposes in the atmosphere after 2 h at 20 °C or
after 30 min in concentrated chloroform solution.?

The structures assigned to 6a-[(fluorosulfonyl)oxy]-
penicillanate 2, 66-halopenicillanates 3a—c and dihydro-
thiazine 4 are consistent with their spectroscopic data. The
INMR spectra of 2 and 3a—c¢ show H(5)-H(6) coupling
constants of 1.6 and 4.0 Hz, respectively, consistent with
the presence of a trans- or a cis-substituted g-lactam.?!
The assignment of the *C NMR signals was carried out
by using the APT pulse sequence,? specific decoupling
experiments, and correlation with related compounds. The
low-resolution mass spectra of 6a-[(fluorosulfonyl)oxy]-
penicillanate 2 shows, in addition to the ion arising from
the known fragmentation pattern,” peaks at m/e 57 and

(13) Pless, J. J. Org. Chem. 1974, 39, 2644.

(14) TBAF is an extremely hygroscopic material: Cox, D. P.; Terpin-
sky, J.; Lawrynowicz, W. J. Org. Chem. 1984, 49, 3216.

(15) Clark, J. H. J. Chem. Soc., Chem. Commun. 1978, 789.

(16) (a) Cainelli, G.; Manescalchi, F. Synthesis 1976, 472, (b) Colonna,
S.; Re, A.; Gelbard, G.; Cesarotti, E. J. Chem. Soc., Perkin Trans. 1 1979,
2248.

(17) Liotta, C. 1.; Harris, H. P. J. Am. Chem. Soc. 1974, 96, 2250.

(18) McMillan, 1.; Stoodley, R. J. J. Chem. Soc. C 1968, 2533.

(19) Parr, R. G.; Pearson, R. G. J. Am. Chem. Soc. 1983, 105, 7512.

(20) Similar decomposition was observed for a mixture of 68- and
6a-bromopenicillanic acid: see ref 5.

(21) Barrow, K. D.; Spotswood, T. M. Tetrahedron Lett. 1965, 3325.

(22) Bendall, M. R.; Pegg, D. T.; Doddrell, D. M.; Williams, D. H. J.
Org. Chem. 1982, 47, 3021.

Notes

85 characteristic of the tert-butyl moiety and at m/e 330
(M-SQ,F) for a fragment that includes the 8-lactam and
thiazolidine rings.

Experimental Section

IR spectra were taken on a Beckman Acculab 8 Spectrometer.
'H and *C NMR spectra were taken on a Bruker WP 80 SY at
80.13 and 20.15 MHz, respectively, and chemical shifts are ex-
pressed in parts per million downfield from internal tetra-
methylsilane. Low-resolution mass spectra (electron impact, 70
eV) were obtained with a Varian MAT 112 S. Silica gel 60 H
(Merck) was utilized for column chromatography and silica gel
GFys, (Type 60 Merck) for TLC. Spots were visualized by staining
with anisaldehyde-sulfuric acid.?*

(Pivaloyloxy)methyl 65-Aminopenicillanate. A previously
described procedure? was used to prepare this compound.

(Pivaloyloxy)methyl 6a-[(Fluorosulfonyl)oxyl-
penicillanate (2). To a cooled solution (0 °C) of 0.485 g (1.5
mmol) of (pivaloyloxy)methyl 68-aminopenicillanate in dry CH,Cl,
(50 mL) was added, dropwise, 0.36 mL (3.0 mmol) of freshly
prepared tert-butyl nitrite. Then, a solution of fluorosulfonic acid
(0.18 mL, 3.0 mmol) in 1.0 mL of dry CH,Cl, was added at 0 °C.
The reaction mixture was stirred at 0 °C for 30 min, neutralized
with cold sodium bicarbonate solution, decanted, and washed with
brine (20 mL). The organic layer was dried over sodium sulfate.
The oil obtained upon removal of the solvent under reduced
pressure was chromatographed on a short silica gel column, under
a low pressure of nitrogen with CHCl;, to afford 0.381 g (60%)
of compound 2 as an oil. This material was one spot on TLC:
R; 0.5 (CHCl); IR (film) 1800 (8-lactam); 1760 and 1740 (ester)
em'; 'TH NMR (CDCly) 1.22 (s, 9 H), 1.51 (s, 3 H), 1.60 (s, 3 H),
4.59 (s, 1 H), 5.50 (asymmetrical d, 1 H, C-5 H, J = 1.6 Hz), 5.54
(tight m, 1 H), 5.78 (d, 1 H, C-9 H, AB system, J = 5.6 Hz), 5.88
(d, 1 H, C-9 H, AB system, J = 5.6 Hz); 13C NMR (CDCl,) 176.6
(C-10), 165.1 (C-8), 161.6 (C-T7), 89.0 (C-5), 79.8 (C-9), 69.0 (C-3),
68.2 (C-6), 64.5 (C-2), 38.7 (C-11), 33.6 (C-14), 26.7 (C-12), 25.1
(C-13); mass spectrum, m/e (relative intensity) 330 (10.3), 254
(3.5), 199 (15), 114 (26.4), 85 (59.8), 57 (100).

63-Halopenicillanate Preparation. General Procedure.
A solution containing 0.2 mmol of compound 2 and 0.2 mmol of
tetrabutylammonijum halide in 3.0 mL of dry THF was stirred
at 45 °C for 5 h. The solvent was removed under reduced pressure,
and the crude residue was chromatographed on a short silica gel
column with CHC]; as the eluant to give pure 68-halopenicillanate.

3a: 94% yield, oil; R, 0.27 (CHCl,); IR (KBr) 1805 (8-lactam),
1780 and 1765 (ester) cm™'; '*H NMR (CDCly) 1.22 (s, 9 H), 1.50
(s, 3 H), 1.66 (s, 3 H), 4.52 (s, 1 H), 5.22 (d, 1 H, J = 4.0 Hz), 5.60
(d, 1 H, J = 4.0 Hz), 5.78 (d, 1 H, C-9H, AB system, J = 5.6 Hz),
5.86 (d, 1 H, C-9 H, AB system, J = 5.6 hz); 3C NMR (CDCly)
176.6 (C-10), 168.8 (C-7), 166.0 (C-8), 79.7 (C-9), 70.3 (C-5), 68.5
(C-3), 64.1 (C-2), 60.3 (C-8), 38.7 (C-11), 31.8 (C-14), 26.8 (C-12),
26.2 (C-13).

3b: 95% yield, oil; R; 0.20 (CHCly); *H NMR (CDCly) 1.22 (s,
9H), 1.50 (s, 3H), 1.67 (s, 3H), 4.54 (s, 1 H), 5.33 (d, 1 H, J =
4.0 Hz), 5.56 (d, 1 H, J = 4.0 Hz), 5.78 (d, 1 H, C-9 H, AB system,
J = 5.6 Hz), 5.85 (d, 1 H, C-9 H, AB system, J = 5.6 Hz).

3c: (prepared analogous to the general procedure except that
the reaction mixture was stirred for 15 h) 90% yield, oil; R, 0.35
(CHCly); IR (film) 1780 (br and 1760 cm™’; TH NMR (CDCly) 1.21
(s, 9 H), 1.48 (s, 3 H), 1.70 (s, 3 H), 4.54 (s, 1 H), 537 (d, 1 H,
J =4.0Hz),562(d,1H,J=4.0Hz),578(d,1H,C9H, AB
system, J = 5.6 Hz), 5.85 (d, 1 H, C-9 H, AB system, J = 5.6 Hz);
3C NMR (CDCly) 176.5 (C-10), 168.9 (C-7), 166.1 (C-8), 79.6 (C-9),
70.8 {C-5), 67.8 (C-3), 65.0 (C-2), 38.6 (C-11), 31.9 (C-14), 26.7
(overlapped C-6 and C-12), 25.9 (C-13).

(Pivaloyloxy)methyl 3,4-Dihydro-6-(methoxycarbonyl)-
2,2-dimethyl-2H-1,4-thiazine-3-carboxylate (4). Powdered KF
(0.010 g, 0.17 mmo!) and 18-crown-6 (0.047 g, 0.17 mmol) were

(23) Ritcher, W.; Biemann, K. Monatsch. Chem. 1964, 95, 766.

(24) Stahl, E. Thin Layer Chromatography, A Laboratory Handbook,
9nd ed.; Springer-Verlag: West Berlin, Heidelberg, and New York, 1969;
p 857.

(25) Daehne, W. J.; Frederiksen, E.; Gundersen, E.; Lund, F.; Morch,
P.; Petersen, H. J.; Reholt, K.; Tybring, L.; Gottfredsen, W. O. J. Med.
Chem. 1970, 13, 607.
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placed in a dry 10-mL flask equipped with a rubber stopper and
magnetic stirrer. The flask was evacuated and flushed with dry
N, several times, and CHCl; (3.0 mL) was introduced by means
of a syringe. The suspension was stirred for 2 h and, after the
addition of 2 drops of methanol, became a clear solution. The
solvent was evaporated in vacuo, and the oily residue was dissolved
in 2 mL of dry CHCIl;. This solution was added dropwise to a
chloroform solution (5 mL) of 0.10 g (0.26 mmol) of compound
2 at room temperature and the mixture was stirred for 5 h. After
the reaction was complete (TLC), the solvent was evaporated in
vacuo, and the residue was purified by flash chromatography on
asilica gel column using AcOEt-hexane (50:50) and affording a
quantltatlve yield of 4 (0.083 g) as white crystals: mp 145-146

0.19 (CHCl,); IR (KBr) 3415, 2985, 1805, and 1760 cm™;
H Nﬁ/IR (CDCly), 1.22 (s, 12 H), 1.51 (s, 3 H), 3.73 (8, 3 H), 4.03
(d,1H, J = 1.6 Hz), 5.20 (br s, 1 H), 5.75 (d, 1 H, C-9 H, AB
system, J = 5.6 Hz), 5.94 (d, 1 H, C-9 H, AB system, J = 5.6 Hz),
7.63 (d, 1 H, J = 6.4 Hz); mass spectrum, m/e (relative intensity)
345 (M*, 2), 85 (25), 57 (100).
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We report the first silver ion catalyzed retro-carbene
rearrangement of a carbocyclic [3.1.1]propellane: 2,4-
methano-2,4-didehydroadamantane (1).

Propellane 1 was readily prepared by an intramolecular
cycloaddition of 4-methylene-2-adamantylidene to the
olefinic bond.! It was thermally stable and completely
inert toward nucleophiles but highly reactive toward
electrophiles and free radicals.! This was explained by a
high electron density at the reaction site, i.e., at the
backside of the inverted carbon atoms, and a decrease in
electron density between them. Such an electron density
distribution in the central bond of 1 is in accord with
theoretical considerations,? and X-ray,? vibrational,* and
electron-diffraction®® analyses, as well as with chemical

(1) Mlinarié-Majerski, K.; Majerski, Z. J. Am. Chem. Soc. 1983, 105,
7389. Mlinarié-Majerski, K.; Majerski, Z. Ibid. 1980, 102, 1418.

(2) (a) Wiberg, K. B. J. Am. Chem. Soc. 1983, 105, 1227. (b) Jackson,
J. E; Allen, L. C. Ibid. 1984, 106, 591. (c) Zilberg, S. P.; Ioffe, A. 1;
Nefedov, O. M. Izv. Akad. Nauk SSSR, Ser. Khim. 1984, 358. (d) New-
ton, M. D.; Schulman, J. M. J. Am. Chem. Soc. 1972, 94, 773. (e) Stohrer,
W.-D.; Hoffmann, R. Ibid. 1972, 94, 779.

(3) Chakrabarti, P.; Seiler, P.; Dunitz, J. D.; Schliiter, A.-D.; Szeimies,
G. J. Am. Chem. Soc. 1981, 103, 7378.

(4) (a) Wiberg, K. B.; Dailey, W. P.; Walker, F. H.; Waddell, S. T.:
Crocker, L. S.; Newton, M. J. Am. Chem. Soc. 1985, 107, 7247. (b)
Hedberg, L.; Hedberg, K. Ibid. 1985, 107, 7257.
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behavior of other small propellanes.*® Hence, small
propellanes should readily interact with transition metals
having high electron affinities.

Transition metal catalyzed reactions of small propellanes
have been only sparingly studied,’6? although such reac-
tions of other small-ring organic molecules have been
subjects of numerous investigations.® In the early 1970s,
Gassman and Armour® reported a rearrangement of the
parent [3.2.1]propellane to a mixture of diolefins, 4- and
5-methylenecycloheptenes, catalyzed by iridium, rhodium,
or ruthenium chlorocarbonyl complexes. Recently,
Szeimies and Szeimies-Seebach reported ring openings of
a carbocyclic [4.1.1]propellane®® and an oxa[3.1.1]pro-
pellane® to the structurally related conjugated diolefins
catalyzed by silver ion or rhodium, palladium, or copper
complexes. The same products were formed by the pro-
pellane thermolyses, presumably, via the respective carb-
ene intermediates.

The main purpose of this investigation was to provide
a further insight into the specific electron distribution in

(5) Szeimies-Seebach, U.; Szeimies, G. J. Am. Chem. Soc. 1978, 100,
966,

(6) Baumgart, K.-D.; Harnisch, H.; Szeimies-Seebach, U.; Szeimies, G.
Chem. Ber. 1985, 118, 2883,

(7) [1.1.1}Propellane: Wiberg, K. B.; Walker, F. H. J. Am. Chem. Soc.
1982, 104, 5239. [2.1.1]Propellane: Wiberg, K. B.; Walker, F. K.; Pratt,
W. E.; Michl, J. Ibid. 1983, 105, 3638. [2.2.1]Propellane: Walker, F. H.;
Wiberg, K. B.; Michl, J. Ibid. 1982, 104, 2056. [3.1.1]Propellane: Gass-
man, P. G.; Proehl, G. S. Ibid. 1980, 102, 6862. Vinkovié, V.; Majerski,
Z. Ibid. 1982, 104, 4027. Reference 1. Reference 6. [2.2.2]Propellane:
Eaton, P. E;; Temme, G. H., II1. Ibid. 1973, 95, 7508. [3.2.1]Propellane:
Wiberg, K. B.; Burgmaier, G. J. Tetrahedron Lett. 1969, 317. Gassman,
P. G.; Topp, A.; Keller, J. W, Ibid. 1969, 1093, Wiberg, K. B.; Burgmaier,
G. d. d. Am. Chem. Soc. 1972, 94, 7396. Wiberg, K. B.; Connon, H. A.;
Pratt, W. E. Ibid. 1979, 101, 6970. Wiberg, K. B.; Pratt, W. E.; Bailey,
W. F. Ibid. 1977, 99, 2297. Aue, D. H.; Reynolds, R. N. J. Org. Chem.
1974, 39, 2315. [4.1.1]Propellane: Hamon, D. P. G.; Trenerry, V. C. J.
Am. Chem. Soc. 1981, 103, 4962. Reference 5. Reference 6. [4.2.1)Pro-
pellane: Warner, P.; LaRose, R. Tetrahedron Lett. 1972, 2141.
Baumgiirtel, O.; Harnisch, J.; Szeimies, G.; Van Meerssche, M.; Germain,
G.; Declercq, J.-P. Chem. Ber. 1988, 116, 2205. [3.2.2]Propellane: Eaton,
P. E; Nyi, K. J. Am. Chem. Soc. 1971, 93, 2786. [3.3.1]Propellane:
Warner, P.; LaRose, R.; Schieis, T. Tetrahedron Lett. 1974, 1408. Kogay,
B. E; Sokolenko, W. A. Ibid. 19883, 613. Sokolenko, W. A.; Kishkan, L.
N.; Kogay, B. E. Zh. Org. Khim. 1976, 12, 906. Pincock, R. E.; Torupka,
E. J. J. Am. Chem. Soc. 1969, 91, 4593. Scott, W. B.; Pincock, R. E. Ibid.
1973, 95, 2040. Pincock, R. E.; Schmidt, J.; Scott, W. B,; Torupka, E. J.
Can. J. Chem. 1972, 50, 3958.

(8) Reviews: Ginsburg, D. Propellanes; Verlag Chemie: Weinheim,
1975. Also see its sequels I and II; Department of Chemistry, Technion:
Haifa, 1981 and 1985, respectively.

(9) Gassman, P. G.; Armour, E. A. Teirahedron Lett. 1971, 1431.

(10) Bishop, K. C., III Chem. Rev. 1976, 76, 461. Greenberg, A.;
Liebman, J. F. Strained Organic Molecules; Academic: New York, 1978;
pp 245-277.

0022-3263/86/1951-3219801.50/0 © 1986 American Chemical Society



