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8xMe); MS (CI) m/z 592 (M + NH,*). Anal Caled for CoH 20,3
C, 56.44; H, 7.37. Found: C, 56.67; H, 7.48.

{Methyl 2,3,6-tri-O-benzyl-a-D-glucopyranosid-4-yl) 2-

Deoxy-3,4:6,7-di- O -isopropylidene-5-O -[ (trimethylsilyl)-
ethoxymethyl}-D-manno-heptonate (41). It was prepared from
14 and 40, as previously described for the synthesis of 22. Column
chromatography (hexane—ethyl acetate (5:1)) afforded 41 (60%)
as a colorless syrup: [a]p +16.5° (c 0.9, chloroform); 'H NMR
(CDCly, 400 MHz) 8 7.39-7.26 (m, 15 H, 3Ph), 5.15 (dd, J¢/3 =
9.5 Hz, J/5 = 10 Hz, 1 H, H-4), 491 (d, J,en = 12 Hz, 1 H,
CH,Ph), 4. 89 (d, Jgem = 11.5 Hz, 1 H, CHzPh), 4.82 (d, Jyem = 12
Hz, 1 H, CH,Ph), 4.77 (28, 2 H, OCH20), 4.74 (d, Jgem = 11.5 Hz,
1 H, CH,Ph), 4.66 (d, J;m = 12 Hz, 1 H, CH,Ph), 4.64 (d, Jy/»
=4 HZ, 1 H H-l’), 4.59 (ddd J 4 = 5.5 HZ, Jz. =35 HZ, JZb/3
= 10.5 Hz, 1 H, H-3), 4.58 (d, J;er, = 12 Hz, 1 i-l CHzPh), 4.48
d, Joem = 12 Hz, 1 H, CH,Ph), 4.15 (dd, J-,, - = 8 Hz, J,
6.5 Hz, 1 H, H-Ta), 4.13 (dd, J,;5 = 8 Hz, 1 H, H-4), 4.01 (ddd
Js —SHZ, 5/6 —65HZ,1 H6) 3.98 (dd J21/3/—95HZ,
1 H-3),393 (dd,1H, H- 7b),382(ddd Jyea = 1.5 Hz, Jy /61,
= 5.5 Hz, 1 H, H-5), 372-3.59 (m, 5 H, OCH,CH,SiMe;, &-
5,2',6a), .51 (dd, Jgq/ep = 11 Hz, 1 H, H-6’b), 3.44 (s, 3 H, OMe),
253(dd Jg.gb—14HZ,1H H-2a), 2.45 (dd, 1 H, H-2b), 1.40,
1.36, 1.35, 1. 28 (4s, 12 H, 4xXMe), 1.07-0.86 (m, Jocy = 10 Hz, Jocw
= 6.5 Hz, J.,, = 13 Hz, 2 H, CH,SiMey), 0.06 (s, 9 H, SiMey); MS
Chm/z 884 M+ NH(') Anal. Caled for Ci7Hge04551: C, 65.10;
H, 7.67. Found: C, 65.21; H, 7.60.

(Methyl 2,3,6-tri-O-benzyl-a-D-glucopyranosid-4-yl) 2-
Deoxy-3,4:6,7-di-O-isopropylidene-5-O-pivaloyl-D-manno -
heptonate (42). It was prepared from 15 and 40, as previously

described for the synthesis of 22. Column chromatography
(hexane—ethyl acetate (3:1)) afforded 42 (65%) as a colorless syrup:
'H NMR (CDCl;, 400 MHz) § 7.40-7.30 (m, 15 H, 3Ph), 5.16 (dd,
Jsl/y = 0.5 Hz, J4r 5 = 10 HZ, 1 H H- 4’) 5.04 (dd J5 =6.5 HZ,
Jys=3Hz 1H, i{ 5), 4.93 (d, Jgr, = 11 Hz, 1 H, CH,Ph), 4.84
(d,Jpem=12Hz,1H, CHzPh),474 (d, Jgem = 11 Hz, 1 H, CH;Ph),
468 (d Jeem = 12 Hz, 1 H, CHzPh),466 (d, Jy;» =4Hz, 1 H,

H-1), 4. 58 (m, 1 H, H-3), 4.55 (d, J4n = 11.5 Hz, 1 H, CH,Ph),
4.50 (d, J,rn = 11.5 Hz, 1 H, CH,Ph), 4.31 (dd, J5,, = 6.5 Hz, 1
H H-4),417 (ddd Js 7b—7HZ,Js 7.—6HZ 1H -6),400(dd
J7n7b—85HZ,1H 78.),395(dd J2/3f—95HZ,1H H3),
386(m,2H H-7b,5), 3.64 (dd, 1 H, H-2),359(dd Iy g = 2.5
Hz, Jyg/6r, = 11 Hz, 1 H, H-6a), 3.51 (dd Jyep = 5 Hz, 1 H, H-6'b),
345(s,3H OMe), 2.32 (m, 2 H, H- 2a2b§ 1.48, 1.40, 138, 1.30
(4s, £2 H, 4xMe), 1.23 (s, 9 H, ¢-Bu); MS (CI) m/2 839 (M +
NH,Y).

Registry No. 1, 40036-82-6; 2, 137945-76-7; 3, 131444-81-0;
4, 131444-82-1; 5, 130481-65-1; 6, 131444-80-9; 7, 137945-77-8; 8,
114729-42-9; 9, 111833-99-9; 10, 137945-78-9; 11, 131444-70-7; 12,
137945-79-0; 13, 137945-80-3; 14, 137945-81-4; 15, 131444-71-8;
16, 137945-82-5; 17, 137945-83-6; 18, 137945-84-7; 19, 137945-85-8;
20, 137945-86-9; 21, 53008-65-4; 22, 137945-87-0; 23, 131456-52-5;
24, 137964-64-8; 25, 131444-84-3; 26, 131465-47-9; 27, 131444-86-5;
28, 131444-88-7; 29, 137945-88-1; 30, 131444-89-8; 31, 131444-90-1;
32, 582-52-5; 33, 131444-83-2; 34, 131444-85-4; 35, 131465-48-0;
36, 131444-87-6; 37, 131465-49-1; 38, 137945-89-2; 39, 131465-50-4;
40, 19488-48-3; 41, 137945-90-5; 42, 137945-91-6,
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The reaction of 1-aryl-2-vinylpyrazolium tetrafluoroborates with potassium cyanide affords 2-hydroxy-1,2-
dihydropyrimidines 3, which exist as open-chain tautomers 4, both in the solid state and in solution. The X-ray
structure of the p-chlorophex:{l derivative 4b has been determined (CIC;,N,OsH,;, P2,/c,a = 11.433 (3) 4, b

=16.086 (4) A, c = 7.813 (4) A, 8 = 94.22 (5)°, V

= 1433.0 (9), Z = 4, R = 0.06 for 1334 observed reflections).

Protonation of these vinylogous amidines 4 results in their cyclization and dehydration to pyrimidinium salts
6. In the case of 1-vinyl-2-methylindazolium tetrafluoroborate 8, the reaction with cyanide ion leads to a mixture
of 3,4-dihydroquinazoline 12 and 2-(methoxycarbonyl)-3-cyanoquinoline (13). The mechanism proposed for this
rearrangement is supported by the isolation of the open-chain intermediate in the case of 1-vinyl-2-phenylindazolium

salt.

Introduction

Rearrangement of pyrazoles to pyrimidines is rather
infrequent and usually takes place under strong conditions;
use of sodium amide and high temperatures,' insertion of
chlorocarbenes,? and flash vacuum pyrolysis.®> We have
reported such a rearrangement under very mild conditions,
pH ca. 9 and room temperature. The reaction takes place

fInstltuto de Qu1m1ca Médica.

t Departamento de Quimica Orgénica, Universidad Complutense.
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when N-vinylpyrazolium salts 1 are treated with aqueous
sodium carbonate or an alcohol. It proceeds through a
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Figure 1. An orRTEP! view of molecule 4b showing the atomic
numbering used in the present crystallographic work.

nucleophilic attack at the exocyclic double bond, followed
by a ring expansion of the intermediate betaine, with final
formation of 1,2-dihydropyrimidines 2 (Scheme I).

In order to determine if other nucleophiles undergo the
same rearrangement, we selected a carbon nucleophile, the
cyanide ion. In this paper, we report the results obtained
when two vinylpyrazolium salts, 1a and 1b, and three
vinylindazolium salts, 7, 8, and 19, are made to react with
potassium cyanide.

Results and Discussion

Reaction of 1-Aryl-2-vinyl-3,5-dimethylpyrazolium
Salts with Potassium Cyanide. When pyrazolium salts
la (Ar = C¢H;) and 1b (Ar = C¢H,Cl-4) react with po-
tassium cyanide in water, the corresponding 1,2-dihydro-
pyrimidine 2 (Nu = CN) is not formed. Instead, the re-
action affords another dihydropyrimidine 8, which formally
corresponds to the attack of OH" to a 1,4,6-trisubstituted
pyrimidium cation. Concerning the position of the attack,
literature results pointed to either an attack at position
2 or at position 6.7 Taking into account that these
hydroxydihydropyrimidines exist probably as open-chain
tautomers and that there are 40 of such compounds (owing
to prototropy and E/Z isomerism), the determination of
the structure of 4 is a difficult task. It was decided
therefore to determine its structure in the solid state by
X-ray crystallography. Compound 4a proved unsuitable
since it decomposes on standing, but, after many attempts,
suitable crystals of the p-chloro derivative 4b were ob-
tained. The structure (see supplementary material and
Figure 1) corresponds to an attack at position 2, followed
by a ring opening, and N1 to N3 prototropy, the double

(1) (a) Finch, N.; Geschwend, H. N. J. Org. Chem. 1971, 36, 1463. (b)
Tertov, B. A.; Onischenko, P. P.; Bessonov, V. Y. Khim. Geterotsikl.
Soedin. 1974, 1410. (c) Tertov, B. A.; Bogachev, Y. G. Khim. Geterotsikl.
Soedin. 1981, 119,

(2) (a) Jones, R. L.; Rees, C. W. J. Chem. Soc. C 1969, 2251. (b) Busby,
R. E,; Parrick, J.; Rizui, S. M. H,; Ganville-Shaw, C. J. J. Chem. Soc.,
Perkin Trans. 1 1979, 2786. (c) van der Plas, H. C. Ring Transformation
of Heterocycles; Academic Press: London, 1973; Vol. 1, pp 274-275.

(3) Pérez, J. D.; Yranzo, G. I.; Ferraris, M. A.; Claramunt, R. M,;
Lépez, C.; Elguero, J. Tetrahedron 1988, 44, 6429,

(4) Elguero, J.; de la Hoz, A.; Pardo, C. Croatica Chem. Acta 1986, 59,
153; Tetrahedron Lett. 1985, 26, 3869.

(5) (a) van der Plas, H. C.; Wozniak, M. Croatica Chem. Acta 1986,
59, 33. (b) Oostveen, E. A.; van der Plas, H. C.; Jongejan, H. J. Roy.
Nether. Chem. Soc. 1974, 93, 115. (c) Weis, A. L.; van der Plas, H. C.
Heterocycles 1986, 24, 1433.

(6) (a) Bunting, J. W.; Meathrel, W. G. Can. J. Chem. 1970, 48, 3449.
(b) Bunting, J. W.; Meathrel, W. G. Can. J. Chem. 1972, 50, 917.

(7) Kress, T. J. Communication PO2-87, 13th International Congress
of Heterocyclic Chemistry; Corvallis, OR, 1991.
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bonds maintaining the original stereochemistry (both are
Z). There is an intramolecular asymmetrically bifurcated
hydrogen bond between N3-H, N1, and O2 which fixes the
geometry.

To determine if the structure in solution remains the
same, i.e., N3-H/ZZ, the UV, IR, and 'H NMR spectra
were not very useful [\, (ethanol) = 309 nm, »_,,(KBr)
= 1720 and 1640 cm™!]. On the contrary, 13C NMR (see
supplementary material) showed that the structures in
solution and in solid state are identical. The chemical
shifts in the solid state (CP/MAS technique) and in so-
lution are very similar; in particular, should a rapid pro-
totropy between N3-H and N1-H (structure 4) occur, a
quasi equivalence of the signals of carbons C4 and C6
would be observed, which is clearly not the case.

R
=
o
R* N e
Ar
3 4 5

Concerning the mechanism 1 + CN- — 4, a reasonable
assumption is represented in Scheme II.

This mechanism is supported by the good leaving ability
of methyl cyanacetate. A similar ring-open intermediate
has been postulated in the ring transformation of triazo-
lium 1-methanides into 1,2,4-triazines.?

If the reaction is carried out with potassium cyanide in
methanol, dihydropyrimidine 2 (Nu = OCHj) is obtained.

aoC
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« COE | doe
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Ar Ar

(8) Butler, R. N.; Duffy, J. P.; Cunningham, D.; McArdle, P.; Burke,
L. A. J. Chem. Soc., Chem. Commun. 1990, 882.
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Table I. 'H NMR Spectra of Compounds 12, 13, and 14

(DCCl;)
compd NCH; OCH, H, Ar
12 3.16 3.90 5.53 6.9-7.4
13 4.10 8.63 7.6-8.4
14 3.55 3.92 6.07 7.0-7.6

Compound 4 is in equilibrium with the ring-tautomer
3, which explains its behavior as a typical pseudobase.®? In
acid medium (UV and NMR experiments) the compound
is transformed into the pyrimidinium salt 6 (see supple-
mentary material). The same behavior is observed for
quinazolinium pseudobases when their 'H NMR spectra
are recorded in trifluoroacetic acid.® Neutralization of a
solution of salt 6 regenerates compound 4.

Reaction of N-Vinylindazolium Salts with Potas-
sium Cyanide. If vinylindazolium salts 7 and 8 would
react like vinylpyrazolium salts 1, then structures 9 and
10, or, more probably the corresponding open-chain tau-
tomers, would be expected (Scheme III).

Actually, only 1-methylindazole 11 was isolated from 7.
Thus, instead of a nucleophilic attack on the exocyclic
double bond, the base (CN- or OH") abstracts the terminal
hydrogen with elimination of 11 and, probably, formation
of E—C=C—E, i.e., the olefinic analogue of a 8-elimina-
tion. The reason why for 1 (Scheme II) and 8 (see later
on) the cyanide acts as a nucleophile whereas for 7 it acts
like a base is probably related to the more acidic character
of the terminal hydrogen in the case of 2-vinylindazolium
salt 7. Considering these cations as vinylogues of the
protonated compounds, it is normal to assume a relation-
ship between the pK,’s of azoles!® and the acidity of the
corresponding terminal hydrogens (Scheme IV).

It is clear that 1-methylindazole 11 is the less basic
compound; hence, the terminal hydrogen of compound 7
should be the most acidic.

In the case of 1-vinylindazolium derivative 8, the ex-
pected compound 10 was not formed. Instead a mixture
of 12 (43%) and 13 (62%) was isolated (NMR data on
Tables I and II). Compound 12 corresponds to an attack
by CN- instead of OH™ on the intermediate quinazolinium
ion 16, which can be related to differences in hardness
between positions 2 of pyrimidium cation (between two
nitrogen atoms) and position 4 of quinzolinium cation («
to the phenyl ring). Another difference between both series
is that protonation of 3 leads to 6 with loss of a water
molecule (Scheme II) whereas protonation of 12 leads to
an amidinium salt 14. A probable mechanism for the
formation of quinoline 13 is reported in Scheme V, which

(9) (a) Albert, A.; Armarego, W. L. F. Adv. Heterocycl. Chem. 1965,
4, 1. (b) Albert, A. Adv. Heterocycl. Chem. 1976, 20, 117. (c) Bunting,
J. W. Adv. Heterocycl. Chem. 1979, 25, 1.

(10) Catalén, J.; Abboud, J. L. M.; Elguero, J. Adv. Heterocycl. Chem.
1987, 41, 187.
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should proceed through the anion 17 and the dihydro-
quinoline 18.

If instead of the N-methyl derivative 8, the corre-
sponding N-phenylindazolium salt 19 is used, the open-
chain compound 20 corresponding to intermediate 15
(Scheme V) is isolated, supporting the above-mentioned
mechanism.
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E\(ks
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e

19 20

All the proposed structures were consistent with spec-
troscopic data (IR, MS, and 'H and ®C NMR).

Conclusion

These results show the complexity of the rearrangements
involving vinylazolium salts, which depending on the azole
(pyrazole, 1H-indazole, and 2H-indazole) and on the base
(aqueous sodium carbonate, methanol, and cyanide) can
lead to dihydropyrimidines, enaminoimines, dihydro-
quinazolines, and quinolines. Thanks to the determination
of the X-ray structure of compound 4b and to the use
mainly of 13C NMR all the compounds have been identi-
fied, providing a reasonable basis for the proposed mech-
anisms.

Experimental Section

General Procedure. Melting points were taken on a Bichi
510 apparatus and are uncorrected. 'H and *C NMR spectra were
recorded at 300 and 75 MHz on a Varian VXR-300S system. 'H
and 13C chemical shifts were measured relative to internal Me,Si.
Solid-state 13C NMR spectra were recorded at 75 MHz using a
Jacobsen solid Probe and adamantane as external reference. UV
and infrared spectra were recorded on PE-Lambda 3 and PE-781
spectrometers, respectively. Mass spectra were recorded using
a VG-12-250 mass spectrometer. Elemental analysis were de-
termined at the Centro Nacional de Quimica Orgénica (CSIC).

The N-vinylazolium tetrafluoroborates were synthesized ac-
cordin%to literature procedure.!! 1a was described in a previous
paper.

(11) de la Hoz, A.; Diez-Barra, E.; Pardo, C.; Declerq, J. P.; Germain,
G.; van Meersche, M.; Elguero, J. Tetrahedron 1983, 39, 2193.
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Table II. *C NMR Spectra of Compounds 12, 13, and 14 (DCCl,)?

compd C2 C3 C4 C4a Cs Cé

C7 C8 C8a Co CN OCH; NCH,

12 1474 53.2 1159* 1275 128.3¢

13 147.1# 1066 445 1266 130.4* 1277

14 148.4 56,5 113.5* 120.1 126.6*

2Values with *, # can be interchanged.

1b: reaction time 4 h; white solid; yield 62%; mp 168-170 °C
(ethanol-ethyl acetate); IR (KBr) » 1740 and 1730 (CO), 1660 and
1060 (B~F) cm™’; '"H NMR (DMSO0-d;) 6 2.38 (s, 3 H, CH;5), 2.45
(s, 3 H, CH,43), 3.78 (s, 3 H, OCH,), 3.80 (s, 3 H, OCHj), 7.08 (s,
1 H, H4), 7.55 (s, 1 H, Hexo), 7.47 and 7.77 (m, 4 H, Ar). Anal.
Calcd for C,;HsN,O,CIBF; C, 46.77; H, 4.16; N, 6.42. Found:
C, 46.72; H, 4.30; N, 6.45,

7: reaction time 6 h; unstable solid; yield 57%; mp 40-44 °C;
IR (film) » 1740 (CO) and 1150-900 (B-F) cm™; 'H NMR
(DMSO-d,) 5 3.65 (s, 3 H, OCH,), 3.88 (s, 3 H, OCHj,), 4.23 (s,
3 H, NCH,), 6.9-8.4 (m, 4 H, Ar), 7.77 (s, 1 H, Hexo), 9.38 (s, 1
H, H3); *C NMR (DMSO0-d;) 4 36.9 (CH;N), 53.3 (CH;0), 54.6
(CH;0), 111.6 (C7), 119.2 (C3a), 119.4 (C4), 123.7 (C5), 126.1
(NCCO,CH,), 130.3 (C6), 135.1 (CHCO,CHjy), 136.0 (C3), 140.6
(C7a), 160.3 (CO), 161.7 (CO).

8: reaction time 19 h; white solid; yield 63%; mp 117-118 °C
(ethanol-ethyl acetate); IR (KBr) » 1750 and 1725 (CO) and
1140-940 (BF) em™; 'H NMR 6 (DMSO0-dg) 3.60 (s, 3 H, OCH,),
3.87 (s, 3 H, OCHjy), 4.33 (s, 3 H, NCHj,), 7.2-8.5 (m, 4 H, Ar),
7.82 (s, 1 H, Hexo), 9.50 (s, 1 H, H3); *C NMR 5 (DMSO-dg) 38.2
(CH;3N), 53.1 (CH;0), 54.8 (CH;30), 111.2 (C7), 119.3 (C3a), 123.7
(C4), 126.6 (C5), 128.4 (NCCO,CHjy), 134.6 (C6), 137.1 (CHC-
0,CHj,), 138.9 (C3), 140.8 (C7a), 160.7 (CO), 161.7 (CO). Anal.
Calcd for C, ,H,;N,O,BF: C, 46.44; H, 4.18; N, 7.74. Found: C,
46.73; H, 4.57; N, 7.72.

19: reaction time 2 h; white solid; yield 27%; mp 158-160 °C
(ethanol-ethyl acetate); IR (KBr) » 1720 (CO) and 1130-900 (BF)
cm™’; 'H NMR (DMSO-dg) é 3.67 (s, 6 H, OCHj), 7.4-8.4 (m, 9
H, Ar), 7.73 (s, 1 H, Hexo), 9.83 (s, 1 H, H3); 13C NMR (DMSO-dg)
6 53.4 (CH;0), 54.3 (CH30), 111.8 (C7), 120.1 (C3a), 124.4 (C4),
126.8 (CoPh), 129.6 (C5 and NCCO,CHj,), 130.6 (CmPh), 132.0
(CpPh), 133.1 (CiPh), 136.2, 136.5 and 139.2 (C6, C3, CHCQ,CH,),
142.0 (C7a), 160.5 (CO), 162.1 (CO). Anal. Caled for
C,pH;,ON,BF,: C, 53.80; H, 4.04; N, 6.60. Found: C, 53.80; H,
3.98; N, 6.40.

13C NMR of 7, 8, and 19 were assigned by comparison with the
corresponding methoiodides!? and with pyrazolium salts.’®

General Procedure for Reaction of Vinylazolium Tetra-
fluoroborates with Potassium Cyanide. To a solution of 1.4
mmol of azolium salt in 200 mL of water was added a solution
of 1.87 mmol of potassium cyanide in 12 mL of water dropwise
at room temperature with magnetic stirring; the reaction mixture
was treated as indicated in each case.

Reaction of 1a and 1b. The reaction mixture was stirred until
the precipitation was complete. The solid was filtered off,
throughly washed with water, and recrystallized from ethanol.

4a: yellow needles; yield 40%; mp 113-114 °C; mass spectrum
Th 268 (28) M*, 202 (26), 201 (100), 200 (17), 199 (13), 159 (22),
118 (9), 77 (24), 28 (13). Anal. Caled for C, H,¢N;O5: C, 64.61;
H, 6.15; N, 10.76. Found: C, 64.45; H, 6.30; N, 11.04.

4b: yellow needles; yield 38%; mp 144 °C dec. Anal. Caled
for C; \H;;N,0sCl: C, 57.04; H, 5.09; N, 9.50. Found: C, 56.91;
H, 5.24; N, 9.62.

Reaction of 8. The reaction mixture was extracted with di-
chloromethane, dried over MgSO,, and evaporated. The oily
residue was treated with ethanol and cooled. The precipitate was
filtered off and recrystallized from ethanol yielding pure 13: white
solid; yield 62%; mp 160-162 °C; mass spectrum Th 212 (15) M*,
182 (12), 154 (100), 153 (48), 127 (13), 126 (21) 100 (9); IR (KBr)
» 2220 (CN), 1725 (CO) cm™. Anal. Caled for C;;HgN;O5: C,
67.92; H, 3.80; N, 13.20. Found: C, 68.23; H, 4.26; N, 13.66.

The ethanolic solution was evaporated and the residue was
purified by chromatography (Merck silica gel 230-400 mesh).

(12) Fayet, J. P.; Vertut, M. C.; Fruchier, A.; Tjiou, E. M.; Elguero, J.
Org. Magn. Res. 1978, 11, 234.

(13) de la Hoz, A.; Pardo, C.; Elguero, J.; Fruchier, A. Magn. Reson.
Chem. 1989, 27, 603.

130.6 1255  139.2 161.8  115.4* 52.0 38.1
130.1* 1333 146.6¢ 1635 1159 53.4
129.0¢  131.8 130.2 155.8  113.0* 52.5 40.5

Table III. Crystal and Refinement Data

formula ClCuNanHls

M, 194.7

crystal system monoclinic

space group P2,/c

a, 11.433 (3)

b A 16,086 (4)

¢, A 7.813 (4)

8, (°) 94.22 (5)

Vv, Ad 1433.0 (9)

Z 4

F(000) 616

p(caled), g cm™2 1.37

temp, °C 22

4, cm™! 2.71

cryst dimens, mm 0.06 X 0.12 X 0.04

diffractometer Enraf-Nonius CAD4

radiation graphite-monochromated Mo Ko
(A =0.71069 A)

scan technique Q/20

0 1<6<25

data collected (-13,0,0) to (13,19,9)

rflns collected 2829

unique data 2522

unique data (I) 220 (I) 1334

R(int), % 1.0

std rflns 3/96 rflns

Ry, % 6.0

pr, % 5.8

average shift/error 0.01

Elution with hexane/ethyl acetate (1/1) affords pure 12: yellow
oil; yield 43%; IR (film) » 2230 (CN), 1740 (CO) em™.

Reaction of 19. The reaction mixture was stirred until the
precipitation was complete. The solid was filtered off, thoroughly
washed with water, and recrystallized from ethanol affording 20
as an unstable yellow solid: yield 60%; mp 56-58 °C; IR (KBr)
v 3300-3400 (NH), 2205 (CN), 1730, 1700, 1605 cm™}; 'H NMR
(DCCl,) 4 3.85 (s, 3 H, CH30), 3.86 (s, 3 H, CH;0) 7.0~7.7 (m,
9 H, Ar), 8.59 (s, 1 H, CHN); 1*C NMR (DCCl,) 6 52.2 (CH,0),
53.56 (CH,0), 112.0 and 118.4 (CN and NCCCO,CHy), 121.1
(CoPh), 129.1 (CmPh), 120.5, 125.8, 126.9, 131.1 and 133.6 (CHAI),
137.9 (CiNH), 129.2 (CiCN), 147.9 (CiPh), 155.8 (NHCCO,CHy,),
158.7 (C=N), 162.5 (CO), 165.8 (CO).14

Crystal Structure of Compound 4b. A summary of the
fundamental crystal data is given in Table III. A yellow crystal
of prismatic shape was coated with resin epoxy and mounted in
a « diffractometer. The cell dimensions were refined by least-
squares fitting the values of 25 reflections. The intensities were
corrected for Lorentz and polarization effects. Scattering factors
for neutral atoms and anomalous dispersion corrections for Cl
atom were taken from the International Tables for X-Ray
Crystallography.'® The structure was solved by Multan!® and
Fourier methods. An empirical absorption correction was applied
at the end of the isotropic refinement.!” A difference synthesis
showed HB3 at the highest peak of the map. Final refinement was

(14) The *C NMR spectrum has been assigned by comparison with
model compounds and reference tables: (a) Prestsch, E.; Clerc, T.; Seibl,
J.; Simon, W. Tabellen zur Strukturauflkirung Organischen Verbin-
dungen mit spektroskopischen Methoden; Springer-Verlag: Berlin-New
York, 1976. (b) Arrowsmith, J. E.; Cook, M. J.; Hardstone, D. J. Org.
Maogn. Res. 1978, 11, 160. (c) Kalinoroski, H. O.; Kessler, H. Org. Magn.
Res. 1975, 7, 128.

(15) International Tables for X-Ray Crystallography; Kynoch Press:
Birmingham, 1974; Vol. IV, pp 72-98,

(16) Main, P.; Lessinger, L.; Woolfson, M. M.; Germain, G.; Declercq,
J. P. A System of Computer Programs for the Automatic Solution of
Crystal Structures from X-Ray Diffraction Data; Universities of York
(England) and Louvain (Belgium).

(17) Walker, N.; Stuart, D. Acta Crystallogr. 1983, A39, 158.
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undertaken with fixed isotropic factors and coordinates for H
atoms, except for H3 whose coordinates were refined. Most of
the calculations were carried out with the X-ray 80 system.!®
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Supplementary Material Available: Tables of bond lengths
(A) and angles (deg) and hydrogen bond distances (A) and angles
(deg) of compound 4b, NMR data of compounds 4a, 4b, and 6a,
final atomic parameters, bond distances, and angles (13 pages).
This material is contained in many libraries on microfiche, im-
mediately follows this article in the microfilm version of the
journal, and can be ordered from the ACS; see any current
masthead page for ordering information.
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A mild and versatile one-pot synthesis of 8-lactams has been performed by condensation of the easily generated
titantium enolates of 2-pyridyl thioesters with imines employing chiral reaction partners. Both imines obtained
from enantiomerically pure alkoxy aldehydes and the enolate derived from 3-hydroxybutyrate showed high
diastereofacial preferences, efficiently transferring the stereochemical information to the stereocenters of the
azetidinone ring. Advanced precursors of (+)-PS-5, (+)-PS-6, thienamycin, and 18-methylthienamycin were prepared
to illustrate the potential of this method. A H-NMR study of the enolization process and a tentative rationalization

of the stereochemical results are presented.

The well-recognized importance of §-lactams as anti-
biotics stimulated the pharmaceutical industry to develop
new derivatives of this class of compounds possessing
broader activity and enhanced resistance to biological
degradation.! As a consequence, there is growing interest
in improved synthetic methods that allow the assembly
of a 2-azetidinone ring in a mild and selective fashion. In
relation to this, we recently reported? a synthesis of 8-
lactams by the high yielding, one-pot condensation of
imines with titanium enolates of 2-pyridyl thioesters.>*
The method is very mild and simple, not requiring strong
bases or sophisticated reagents, and appears perfectly
suitable to be extended to the preparation of nonracemic
derivatives. We report here that our procedure can be

(1) (a) Perrone, E.; Franceschi, G. In Recent Progress in the Chemical
Synthesis of Antibiotics; Lukacs, G., Ohno, M., Eds.; Springer: New
York, 1990, pp 615~703. (b) Palomo, C. Ibid. pp 565-612. (c) Georg, G.
L In Studies in Natural Product Chemistry, Rahman, A.-U. Ed.; Elsevier:
New York, 1989, Vol. 4, p 431. (d) Durckheimer, W.; Blumbach, J.;
Lattrell, R.; Scheunemann, K. H. Angew. Chem. Int. Ed. Engl. 1985, 24,
180. (e) Nagahara, T.; Kametani, T. Heterocycles 1987, 25, 729, (f)
Cainelli, G.; Panunzio, M. Farmaco 1991, 46, 177.

(2) Cinquini, M.; Cozzi, F.; Cozzi, P. G.; Consolandi, E. Tetrahedron
1991, 47, 8767.

(3) For reviews on the enolate-imine condensation route to S-lactams
see: (a) Hart, D. J.; Ha, D.-C. Chem. Rev. 1989, 89, 1447. (b) Brown, M.
J. Heterocycles 1989, 29, 2225,

(4) For other syntheses of §-lactams involving thioesters see: (a) Ot-
suka, M.; Yoshida, M.; Kobayashi, S.; Ohno, M.; Umezawa, Y.; Mori-
shima, H. Tetrahedron Lett. 1981, 2109. (b) Volkmann, R. A.; Davis, J.
T.; Meltz, C. N. J. Am. Chem. Soc. 1983, 105, 5946. (c) Mukaiyama, T.;
Suzuki, H.; Yamada, T. Chem. Lett. 1986, 918. (d) Yamasaki, N.; Mu-
rakami, T. Chem. Lett. 1986, 1013. (e) Iwasaki, G.; Shibasaki, M. Tet-
rahedron Lett. 1987, 3257. (f) Mori, M.; Kagechika, K.; Sasai, H.; Shi-
basaki, M. Tetrahedron 1991, 47, 531. Only one of these (f) afforded the
products in a single-step procedure.

Chart I

R_R R KL i o
M
DG U B 2
o] SPy O SPy  PMP” PMP”

1,2 3-8 9,10 11,12 13

1R=H 3R=Et
i 4R=Pri
2R=Me 5R=BnO
6 R =AcO
7R=PhS
8 R = BocNH

9 R =TBDMS' 11 R = - (CHy)s-
10 R = BnO 12 R = Me

Bn=PhCH, Ac=MeCO Boc= t-BuOCO TBDMS =t-BuMe,Si  PMP = 4-MeOPh

Table 1. Synthesis of 5-Lactams 14-20 from Thioesters 1
and 2 and Imines 9, 10, 11, and 13

thicester ~ imine®*  product yield’ (%) dr®s:a
1 9 14 42 >98:2
2 9 15 66 92:8
1 10 16 54 65:35
2 10 17 80 >08:2
1 11 18 52 >98:2
14 13 19 71 29:71
24 13 20 62 20:80

%Crude imines were used. ®Overall isolated yields after flash
chromatography. °By 300-MHz 'H-NMR spectroscopy. ¢1 mol
equiv of enolate per mol equiv of imine.

successfully applied to the synthesis of optically active
B-lactams using chiral imines or chiral enolate precursors.

Addition of Achiral Enolates of 2-Pyridyl Thio-
esters to Chiral Imines.>® 2-Pyridyl thioesters were

0022-3263/92/1957-4155803.00/0 © 1992 American Chemical Society



