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(io), 111 (44), io9 (301~97 (40),95 (24), a5 a3 ( 4 4 ~ 7 1  w, 
69 (48), 57 (100); 'H NMFt (360 MHz, CDCld 5.15 (d, J = 9.4 Hz, 
2 H, exactly superimposed ester methines), 5.00 (8,  1 H), 4.83 (s, 
1 H), 3.35 (d, J = 13.3 Hz, 1 H), 3.15 (d, J = 12.6 Hz, 1 H), 2.84 
(s, 1 H), 2.69 (s, 1 H), 2.50-2.64 (m, 6 H), 2.10-2.48 (m, 7 H), 2.07 
(s, 3 H), 2.02 (s, 3 H), 1.77 (m, 2 H), 1.55 (m, 1 H), 1.24 (d, J = 
7 Hz, 3 H), 1.19 (s, 3 H), 0.97 ppm (t, 3 H). 

Dihydrogeyerine. Geyerine (35 mg, 0.082 mmol) was added 
to a flask containing 20 mg of NaBH, (large excess) dissolved in 
5 mL of 95% EtOH and 0.5 ml of HzO. The solution was stirred 
at 25 "C for 25 min, at which time no starting material remained 
by TLC but with the appearance of one major, less polar spot. 
The excess NaBH4 was decomposed with dilute HzS04 and the 
solution made basic with 1 M NaOH and extracted twice with 
CHC1,. The combined CHC13 washes were concentrated under 
reduced pressure. A 'H NMR spectrum of the residue showed 
essentially one compound. PurXcation of the residue was achieved 
on a silica gel PLC plate (12:3:1 EtOAc/EtOH/NH,OH) to yield 
26 mg (0.06 mmol, 73 % purified yield) of dihydrogeyerine as a 
viscous oil: UV A, (EtOH) 254 sh, 282 sh; 'H NMR (250 MHz, 
CDClJ 5.17 (d, J = 9.9 Hz, 1 H), 4.95 (9, 1 H), 4.76 (s, 1 H), 4.32 
(d, J = 9.0 Hz, 1 H), 4.18 (m, W ,  = 12 Hz, 1 H), 3.73 (s, 1 H), 
3.15 (d, J = 11.9 Hz, 1 H), 3.03 (d, J = 11.9 Hz, 1 H), 2.93 (br 
d, J = 15.3 Hz, 1 H), 2.53-2.40 (m, 3 H), 2.37-2.25 (m, 4 H), 2.09 
(9, 1 H), 2.08-2.00 (m, 3 H), 1.99 (s, 1 H), 1.87-1.60 (m, 6 H), 1.59 
(5, 1 H), 1.58-1.38 (m, 3 H), 1.35 (s, 3 H), 1.19 (d, J = 7 Hz, 3 H), 
0.91 ppm (t, 3 H). 

Bioassays. Migratory grasshoppers, Melanoplus sanguinipes 
(Fabricius), were either obtained from a nondiapausing population 
kept by the Capinera research group or collected from local 
populations, sorted, and reared under the conditions described 
by M e l m a ~ ~  

Young male and female adult grasshoppers were offered a 
choice of filter paper strips impregnated with wheat extract only 

or wheat extract and diterpene alkaloid components from D. 
geyeri. After having been starved for 24 h, two grasshoppers were 
placed in a 500-mL plastic cup containing the filter paper strips 
inserted into a piece of florist's block. The cup was vented and 
water provided. For every experiment, 12 grasshoppers were used 
to evaluate each alkaloidal sample. Grasshopper consumption 
of filter paper strips was rated on scale of 0-4 as follows: 0, no 
consumption; 1, occasional nibbling around perimeter of strip; 
2, nibbling around most of strip; 3, nibbling around most of 
perimeter with occasional areas of heavy consumption; 4, more 
than 2/3 of the strip consumed. Deterrence was indicated by a 
signifcant difference in consumption level by Sign test (P < 0.05). 

Wheat extract was prepared by macerating wheat sprouts (25 
g) with methanol (150 mL). After 3 days the solution was filtered 
and the volume reduced to 50 mL. Of this solution 50 pL was 
delivered to each fiiter paper strip (1 X 4 cm). Alkaloid-containing 
strips were prepared by delivering 30 pL of a 5 mg/mL alka- 
loidal-methanolic solution to a filter paper already impregnated 
with wheat extract. In the case of the total plant extract, a 50 
mg/mL solution was used due to the large amount of nonalkaloidal 
material present. 
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Proton and carbon-13 chemical shift data have been acquired for 2 6,7,8,9-tetrahydro-4H-pyrido[ 1,2-a]py- 
rimidin-4-ones and 20 methylated derivatives. Least-squares regression analysis has been undertaken on the 
aliphatic ring carbons of compounds with unequivocal conformations to determine the methyl substituent parameters 
for the four distinct aliphatic positions, and the results have been used to estimate the position of equilibrium 
of conformationally mobile compounds. It is concluded that at room temperature the 6-methyl derivatives 
predominantly adopt the conformation with a pseudoaxial methyl group and the 7- and &methyl derivatives 
that with an equatorial methyl group, but the 9-methyl derivatives exist in essentially equally populated conformers. 
Substituent parameters are compared with those previously determined for methylated tetralins. 

6,7,8,9-Tetrahydro-4H-pyrido[ 1,2-a]pyrimidin-4-ones 
and their methyl-substituted derivatives have recently 
acquired much interest as intermediates in the synthesis 
of various pharmacologically active agents.2 

So far, however, only the 6-methyl derivatives have been 
subjected to stereochemical i n ~ e s t i g a t i o n . ~ ~  As concerns 

(1) Part 61: Simon, K.; FCllap, F.; Reck, G.; Hermecz, I.; MBs&os, Z.; 
Tbth, G.; BernHth, G. J. Chem. Soc., Perkin Trans. 2, in press. 

(2) (a) Hermecz, I.; MCzBros, Z. Adv. Heterocycl. Chem. 1983,33,214 
and references cited therein. (b) Hermecz, I.; Breining, T.; MBszLos, Z.; 
Kokhi, J.; MCziros, L.; Dessy, F.; DeVos, C. J. Med. Chem. 1982, @, 
1140. (c) Hermecz, I.; Breining, T.; VasvLi-Debreczy, L.; HorvPth, A.; 
MBsziros, Z.; Bitter, I.; DeVos, C.; Rodriguez, L. Ibid. 1982,26, 1494. (d) 
Hermecz, I.; HorvPth, A.; MBszHros, Z.; DeVos, C.; Rodriguez, L. Ibid. 
1984,27, 1253. 

(3) Simon, K.: God. Jugosl. Cent, Kristalogr. 1980, 15, 87. 

Scheme I 

R 3 =  9 - M e  R2 a 
23 1 - 2 2  Z i  

the conformation of the tetrahydropyridine ring in these 
derivatives, the half-chair conformer with a pseudoaxial 
methyl group has been shown to be energetically most 

(4) Tbth, G.: Hermecz, I.; MBszPros, Z. J.  Heterocycl. Chem. 1979,16, 
1181. 

(5) Hermecz, I.; Surjh, P. R.; Breining, T.; Simon, K.; Horvkth, G.; 
MBszkros, Z.; KajtPr, M.; Tbth, G .  J .  Chem. Soc., Perkin Trans. 2 1983, 
1413. 
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Table I. 6,7,8,9-Tetrahydro-4R-pyrido[ 1,2-a Ipyrimidin-4-ones and Their Methyl Derivatives" 
relative 

position of R2 
cmpd R' R2 R3 and R3 route yield, % mp, OC lit. mp, "C isomeric ratio % 

1 COOEt H H A 90 134 132b 
2 COOEt 
3 COOEt 
4 COOEt 
5 COOEt 
6 COOEt 
7 COOEt 
8 COOEt 
9 COOEt 

10 COOEt 
11 COOEt 
12 COOEt 
13 COOEt 
14 CHzCOOEt 
15 CHzCOOEt 
16 CHzCOOEt 
17 CHzCOOEt 
18 CHzCOOEt 
19 CHzCOOEt 
20 CHzCOOEt 
21 CHzCOOEt 
22 CHzCOOEt 

" Satisfactory analytical data 

6-Me 
7-Me 
8-Me 
9-Me 
6-Me 
6-Me 
6-Me 
6-Me 
7-Me 
7-Me 
8-Me 
8-Me 
H 
6-Me 
7-Me 
8-Me 
9-Me 
6-Me 
6-Me 
6-Me 
6-Me 

H 
H 
H 
H 
8-Me 
8-Me 
9-Me 
9-Me 
9-Me 
9-Me 
9-Me 
9-Me 
H 
H 
H 
H 
H 
8-Me 
8-Me 
9-Me 
9-Me 

cis 
trans 
cis 
trans 
cis 
trans 
cis 
trans 

cis 
trans 
cis 
trans 

A 
A 
A 
A 
A 

B 

B 

B 
A 
A 
A 
A 
A 
A 

B 

92 
78 
70 
85 

86 

92 

20 

35 

85 
86 
87 
82 
80 
64 

70 

(f0.4% for C, H, N) were obtained for all compounds. 

55-56 
89-90 
70-72 
38 

oil 

oil 

oil 

oil 

63-65 
64-66 
oil 
44-45 
oil 
oil 

oilc 
oilc 

' Reference 9. 

55-56' 
88-89' 
68-72b 
38b 

oilb 66 
34 
60 
40 
53 
47 
30 
70 

66 
34 
60d 
40d 

Separated by preparative liquid 
~~ 

chromatography. Determined from the crude reaction mixture. 

Table 11. Characteristic '€I NMR Data (a) on 6,7,8,9-Tetrahydro-4H-pyrido[ 1,2-a Ipyrimidin-4-ones" 
cmpd 6-Ha 6-He 9-Ha 9-He couplings, Hzb 
1 
2 
3 
4 
5 
6 
7 
8-9 
10-1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

3.99 (t) 
5.04 (m) 

3.22 (dd) 4.36 (ddd) 
3.69 (ddd) 4.31 (ddd) 
3.88 (dt) 4.13 (dt) 

4.97 (m) 
5.00 (m) 

2.90 (m)d 4.5 (m)d 

3.50-4.50 (m)d 
3.98 (t) 

4.98 (m) 
3.24 (dd) 4.38 (ddd) 
3.67 (ddd) 4.24 (ddd) 
3.90 (dt) 4.11 (dt) 

4.92 (m) 

4.92 (m) 
4.98 (m) 

2.92 (ddd) 
2.95 (ddd) 
2.55 (dd) 

2.45 (m) 

2.88 (ddd) 
2.90 (ddd) 
2.50 (dd) 

2.45 (m)d 

2.85 (m) 

2.98 (t) 
3.07 (ddd) 
3.07 (ddd) 
3.07 (ddd) 

2.95 (ddd) 
3.15d 

3.00 (sx) 

3.00 (m) 
2.75-3.50 (m)d 

2.57 (qi) 
2.92 (t) 

3.02 (qd) 

3.01 (ddd) 
3.00 (ddd) 
2.98 (ddd) 

2.89 (ddd) 
3.09 (ddd) 

3.05 (m) 

3.00 (sx) 

a In CDCl,, gMersi 0.00. a = axial and e = equatorial. Gained from double-resonance experiment. Overlapping signal. d,  doublet; t, 
triplet; q, quartet; qi, quintet; ax, sextet; m, multiplet. 

favorable both in the solid phase, by X-ray investigations? 
and in solution, by NMR spectro~copy.~ The other pos- 
sible half-chair form, with a pseudoequatorial methyl 
group, is highly unfavorable due to the 1-3 allylic strains 
arising between the pseudoequatorial methyl group and 
the adjacent carbonyl group. 

In the present paper we report a 'H and 13C NMR in- 
vestigation of 20 mono- and dimethyl-substituted 6,7,8,9- 
tetrahydro-4H-pyrido[ 1,2-u]pyrimidin-4-ones. To organize 
and systematize the conformation-dependent shifts in 
these systems, linear least-squares regression analysis has 
been undertaken for the 13C chemical shifts, utilizing 
methyl substituent parameters similar to those used earlier 
to analyze the l3C chemical shifts in the methyl-substituted 
cyclohexanes.' 

(6) (a) Johnson, F. Chem. Reu. 1968,68,375. (b) Nagarajan, K.; Shah, 
R. K.; Fuhrer, H.; Puckett, R. T.; Narasimhamurthy, K. Helu. Chim. Acta 
1978,61, 1246. 

(7) Dalling, D. K.; Grant, D. M. J. Am. Chem. SOC. 1972, 94, 5318. 

Results 
Synthesis. The synthesis routes for the compounds are 

depicted in Scheme I, and the characteristics of the com- 
pounds are compiled in Table I. 

The investigated tetrahydropyridopyrimidinones were 
obtained from 4H-pyrido[ 1,2-al pyrimidin-4-ones8 (23) 
(route A) or 9-formyl-1,6,7,8-tetrahydro-4H-pyrido[l,2- 
al pyrimidin-4-onesg (24) (route B) by catalytic hydrogen- 
ation over a 10% palladium-on-carbon catalyst. With 
tetrahydropyridopyriidines 1,3-5, and 10-13, saturation 
of the C(Sa)-N(l) double bond, which is polarized due to 

(8) (a) Lappin, G. R. J. Am. Chem. SOC. 1948, 70,3348. (b) Gupta, C.; 
Bhaduri, A,; Khanna, N. M.; Mukherjee, S. K. lndian J. Chem. 1971,-9, 
201. (c) Hermecz, I.; MBszkos, Z.; Vasviri-Debreczy, L.; Horvith, A.; 
Horvith, G.; Pongor-Csikviri, M. J.  Chem. SOC., Perkin Trans. 1 1977, 
789. (d) VasvHry-Debreczy, L.; Hermecz, I.; MBsziros, Z.; Horvith, A.; 
Simon-Pirkinyi,P. J. Chem. SOC., Perkin Tram. 1 1978,795. 

(9) Horvith, A.; Hermecz, I.; Vasviri-Debreczy, L.; Simon, K.; Pon- 
ger-Csbkviri, M.; MBsziros, Z. J.  Chem. Soc., Perkin Trans. 1 1983,369. 
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1 b 
2 b 
3 b 
4 b 
5 b 
6 b 
7 b 
8 b 
9 b 

10 b 
11 b 
12 b 
13 b 
14 C 

15 C 

16 c 
17 C 

18 C 

19 C 
20 C 
21 C 

22 C 

H 
6-Me 
7-Me 
8-Me 
9-Me 
cis-6,8-Me2 
trans-6,8-Me2 
cis-6,9-Me2 
trans-6,9-Me2 
cis-7,9-Me2 
trans-7,9-Me2 
cis-8,9-Me2 
trans-8,9-Me2 
H 
6-Me 
7-Me 
8-Me 
9-Me 
cis-6,8-Me2 
trans-6,8-Me2 
cis-6,9-Me2 
trans-6,9-Me2 

43.0 (42.8) 
48.1 (48.7) 
49.2 (49.4) 
42.8 (42.8) 
42.9 
49.2 
49.0 (48.7) 
48.7 (48.7) 
48.4 (48.2) 
49.7 (49.4) 
48.8 (48.9) 
42.0 (42.3) 
41.7 
42.7 (42.6) 
47.8 (48.5) 
49.2 (49.2) 
42.5 (42.6) 
42.7 
49.3 
49.3 (48.6) 
48.6 (48.6) 
48.1 (48.0) 

18.9 
18.8 
20.8 
19.0 
21.5 
19.6 
19.3 
19.3 
19.09 
18.99 
16.4 
20.2 

19.0 
18.9 
21.0 
19.3 
21.2 
19.5 
19.5 
19.5 

22.2 
21.4 
20.1 
20.8 
19.28 
20.0 
14.1 
17.6 

22.2 
21.5 
20.3 
21.1 

Table 111. Characteristic I3C NMR Chemical Shifts (6) of 6,7,8,9-Tetrahydro-4H-pyrido[ 1,2-a Ipyrimidin-4-ones" 
preferred 

conformation 
in half-chair 

cmpd R' R2, R3 form C-6 c-7 c-8 c-9  R2 R3 
21.7 (21.5) 18.8 (18.9) 32.2 (32.3) 
27.9 (27.9) 
26.9 (27.5) 
29.6 (29.7) 
20.0 
38.4 
36.5 (36.1) 
27.6 (27.9) 
24.6 (24.6) 
27.8 (27.5) 
24.6 (24.2) 
26.1 (26.5) 
28.6 
21.9 (21.6) 
28.1 (28.0) 
27.4 (27.6) 
29.9 (29.9) 
20.1 
38.4 
36.4 (36.3) 
27.8 (28.0) 
24.7 (24.8) 

14.9 (15.0) 
27.8 (27.6) 
25.5 (25.3) 
27.2 
26.1 
21.4 (21.4) 
23.9 (24.0) 
22.8 (22.5) 
36.9 (36.7) 
34.8 (35.2) 
28.9 (29.2) 
32.7 
19.1 (19.3) 
15.3 (15.4) 
28.0 (28.0) 
25.9 (25.6) 
27.5 
26.0 
21.5 (21.8) 
24.3 (24.4) 
23.2 (22.9) 

31.6 (31.6) 
32.0 (31.9) 
40.2 (40.5) 
36.1 
40.6 
40.2 (39.9) 
36.7 (36.8) 
35.0 (35.1) 
37.0 (37.0) 
35.9 (35.4) 
40.6 (40.3) 
43.6 
31.6 (31.6) 
31.1 (31.0) 
31.3 (31.2) 
39.8 (39.8) 
35.4 
39.3 
38.8 (39.2) 
36.2 (36.1) 
34.4 (34.4) 

Parentheses indicate shifts calculated with parameters of Table IV. * COOEt. CH2COOEt. 
e Two differently populated half-chair forms. f Highly strained form. g Ambiguous assignments. 

Two equally populated half-chair forms. 

the presence of an ethoxycarbonyl group at  position 3, also 
occurred, with a lower rate. In these cases, if the reaction 
mixtures were worked up after the absorption of 2 mol 
equiv of hydrogen, the tetrahydro derivatives could be 
separated on the basis of their water solubilities. Of the 
dimethyl compounds (6-13 and 19-22), only the cis-21 and 
trans-22 diastereomers were separated, by means of 
preparative HPLC; the other compounds were investigated 
as mixtures of cis and trans isomers. 

Conformational Analysis of Compounds 1-22 by 
NMR Spectroscopy. The characteristic 'H NMR data 
are tabulated in Table 11. The detailed data are given in 
the supplementary material. 

The proton-proton coupling constants of the tetra- 
hydropyridine ring, obtained from 'H NMR spectra at  250 
MHz, show that the unsubstituted compounds (1  and 14) 
have two equally populated but rapidly interconverting 
half-chair forms, while the 6-methyl derivatives (2 and 15) 
exist in a highly favored conformation with a pseudoaxial 
methyl group. At  the same time, similarly as for the 
corresponding methyltetralins,l0-lZ the 7- and 8-methyl 
derivatives (3 ,4 ,  16, and 17) exist almost exclusively in a 
single conformation with an equatorial methyl group, while 
the 9-methyl derivatives (5 and 18) have almost equal 
populations of conformers with a pseudoequatorial or a 
pseudoaxial methyl group. 

As the cis and trans isomers of the dimethyl derivatives 
(6-13 and 19-22) were mainly investigated as diastereo- 
meric mixtures, only some characteristics proton-proton 
coupling constants could be determined. The conforma- 
tional analysis of these derivatives was therefore based on 
their 13C NMR data, collected in Table 111. (All the 13C 
NMR data are given in the supplementary material.) 

Assignments were made by using the gated spin-echo 
decoupling technique. Regremion analysis of the 13C NMR 
shifts was carried out on those molecules that exist pri- 

~ ~~ 

(10) Tournier, H.; Longeray, R.; Drew, J. J. Bull. SOC. Chim. Fr. 1972, 

(11) Schneider, H.-J.; Agrawal, P. K. Org. Magn. Reson. 1984,22,180. 
(12) Morin, F. G.; Horton, W. J.; Grant, D. M.; Dalling, D. K.; Pug 

3214. 

mire, R. J. J. Am. Chem. SOC. 1983, 105, 3992. 

I 

'1 

*. ,J 
r J  .* 

1 
6 a a m I) m U n - CIOCY PCT cm) 

Figure 1. Comparison of predicted and observed carbon-13 
chemical shifts for the ring carbons of the 6,7,8,9-tetrahydro- 
4H-pyridoI 1,2-a]pyrimidin-4-ones of this study. 

marily in a single conformation, because of unfavorable 
steric interactions in the alternative half-chair conforma- 
tion (2-4, 7-12, 15-17, 20-22), and also included the un- 
substituted compounds 1 and 14, which undergo rapid 
interconversion between identical conformers of equal 
energy. Thus, other compounds were excluded from the 
fit: 5, 13, and 18 may exist in more than one form with 
differing energies, while 6 and 19 are so highly strained 
due to the cis-6,8-dimethyl substitution that the fitting 
procedure cannot be expected to predict the chemical 
shifts adequately. A preliminary determination of the 
best-fit values was made f i t ,  using all possible parameters 
in the calculation; substituent effects that were neglible 
in size were then removed, and the calculation was redone. 
These results are given in Table IV. The calculated shifts 
using these parameters are indicated in parentheses in 
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Table IV. Carbon-I3 Chemical Shift Parameters Indicating the Effects of Methyl Substitution in 
6,7,8,9-Tet rahydropyridopyrimidin~nes~?~ 

os, = 6.4 f 0.2 

a9, = 3.5 i 0.2 

Be, = 7.5 f 0.2 

yga = -3.3 f 0.2 

6,. = -0.5 f 0.2 

V,, = -3.6 f 0.3 

R 
0 

a>R 
0 

= 8.8 f 0.2 

71. = -0.4 f 0.2 

aga = 5.1 f 0.2 

os, = 9.0 f 0.2 

&>R 0 

"Determined by least-squares analysis of 68 chemical shifts. In ppm i standard error, y$, y9., and 69e were found to be negligible. 
Calculated base values (ppm) for compounds with 3-COOEt: C-6 = 42.8, C-7 = 21.5, C-8 = 18.9, C-9 = 32.3. Calculated base values (ppm) 
for compounds with 3-CH2COOEt: C-6 = 42.6, C-7 = 21.6, C-8 = 19.3, C-9 = 31.6. *The lower index of a6 , &., etc. refers to the positions 
of the methyl group; a = axial; e = equatorial. V,  indicates the vicinal correction term12 between two vicfnal equatorial and axial methyl 
groups. 

Table 111. A graphical comparison of the predicted and 
observed shifts is shown in Figure 1. The line plotted is 
a least-squares line with slope = 0.999 and intercept = 0.05 
ppm. The standard error of the estimation is 0.3 ppm, and 
the correlation coefficient is 0.996. The agreement between 
predicted and observed shifts indicates that each com- 
pound used in the calculation exists almost exclusively in 
a single conformation, and the set of parameters used in 
the fitting procedure describes the chemical shifts quite 
well. 

The chemical shifts obtained for aliphatic carbons ear- 
lier4 and in the present study show that these are not 
strongly affected by the nature of the substituent at  pos- 
ition 3. 

Discussion 
It is worthwile to compare the calculated carbon-13 

chemical shift parameters (Table IV) with one another to 
clarify how they depend upon the location and steric 
position and also to compare them with the similar pa- 
rameters for methyltetralins12 to investigate how they are 
influenced by the presence of an amide group in positions 
C(4)-N(5) and/or an amidine moiety in positions N(5)- 
C(ga)-N(l). 

The values of the a and p effects of an equatorial 7- or 
&methyl group are similar to those for methylcy~lohexane~ 
(5.96 and 9.03 ppm, respectively) and methyltetralins12 

(5.91 and 8.67 ppm, respectively), except for the ,6 effect 
of the 7-methyl group on C(6). The lower value here (6.6 
ppm) indicates the influence of the neighboring amide 
group. 

The effects of a 9-methyl group, either pseudoequatorial 
or pseudoaxial, differ both from those of a methyl group 
at  other positions, and from those of a methyl group at  the 
identical position in methyl tetralin.12 However, the dif- 
ferences between the carbon chemical shift parameters for 
a pseudoequatorial and a pseudoaxial methyl group show 
a similar tendency to that observed for l-methyltetralin.12 

The effects (primarily the a and ,6 effects) of a pseu- 
doaxial 6-methyl group differ substantially from those of 
pseudoaxial 9-methyl group. The absolute value of the y 
effect is somewhat higher than that of a pseudoaxial 9- 
methyl group because the distance between C(6) and C(7) 
is shorter than that between C(8) and C(9),l3 Further, 
the piperidine ring is puckered when a 6-methyl group is 
present in the pseudoaxial position, so as to decrease the 
strain between the methyl group and the 4-carbonyl 
group. l4 

At the same time, the value of the vicinal correction term 
for the neighboring equatorial 8-methyl group and pseu- 

(13) SaavW, K.; Simon, K. Acta Crystallogr., Sect. B 1973, B29,1245. 
(14) Breining, T.; Hermecz, I.; Pod&$, B.; M&sz6roa, 2.; TGth, G. J. 

Chem. SOC., Perkin Tram. 1 1986, 1015. 
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doaxial 9-methyl group is very similar to that in tetralins 
(Vea -3.19 ppm).12 

The substituent effects may now be used to predict the 
chemical shifts of different conformations of the com- 
pounds not included in the regression analysis, e.g., com- 
pound 5. For C(7) we may predict a shift of 18.2 f 0.3 ppm 
for a pseudoaxial methyl and 21.5 f 0.2 ppm for a pseu- 
doequatorial methyl. From the observed 20.0 ppm we 
estimate that this molecule exists as 55 f 9% pseudoe- 
quatorial methyl derivative. The uncertainties are ob- 
tained from the error limits of the best-fit parameters. 

The same result was obtained for the analogous 9-methyl 
derivative 18. It  is interesting to note that a similar con- 
formational ratio was found for l-methyltetralin.12 In both 
cases the half-chair form with a pseudoaxial methyl group 
contains a quache-butane-type interaction between the 
methyl group and the axial proton on the y-carbon, while 
the conformation with a pseudoequatorial methyl group 
suffers from a peri intera~tion'~ between the methyl group 
and H(8) (in 1-methyltetralin'*) or the lone pair of N(1) 
(in 9-methyltetrahydropyidopyrimidinones). It was earlier 
demonstrated16 that the repulsive interaction between a 
methyl group and the nitrogen lone pair is less than that 
between the methyl group and a CH group. However, the 
bond between C(9a) and N(1) in the tetrahydropyrido- 
pyrimidin~nesl~ is shorter than that between C(8) and 
C(8a) in the t e t r a l in~ . '~  

Similar calculations on C(6) and C(7) in compound 13 
(trans-8,9-dimethylpyridopyrimidinone) give 72 f 12 % 
and 71 f 12 % diequatorial conformation, respectively 
(assuming Be, to be 7.5 f 0.4 ppm and yaa to be -3.5 f 0.4 
ppm, on the basis of the literature results for tetralins12 
and our own data). A similar conformer ratio (65 f 10%) 
is found from the coupling constant, Ja,9 - 7.5 Hz assum- 
ing JsagB to be 10 Hz and JSe,% to be 3.0 Hz. The conformer 
ratio in this case indicates that two gauche-butane inter- 
actions (between %Mea and 6-Ha, and between 9-Me, and 
7-Ha) in the diaxial conformation are only slightly higher 
in energy than the peri (between 9-Mee and N(1)) and 
gauche interactions (between 8-Mee and 9-Me,) in the 
diequatorial conformation. 

Thus, for a substantial proportion of the time (about 29 
f 12%) this molecule exists with diaxial methyl groups. 

In the cis-6,8-dimethyl derivatives (6 and 19) both 
half-chair conformations are very destabilized by the steric 
crowding. In the diaxial conformation an unfavorable 
1,3-diaxial interactionla of the cis-6,8-dimethyl groups is 
present, while the diequatorial conformation contains a 
severe 1,3-allyl strain6 between the pseudoequatorial 6- 
methyl group and the neighboring carbonyl group. These 
derivatives therefore adopt an evelope or a skew-boat 
conformation. This is indicated by the substantial dif- 
ferences between the experimental and calculated shifts 
for both half-chair conformations. The very downfield 
absorption of 6-H indicates that it lies in the plane of the 
amido g r0~p ing . l~  Thus, the 6-methyl group is a t  right 
angle to the plane of C(4)-N(5)-C(6). 

(15) Due to the shorter C(4a)-C(8a) bond than the C(4a)-C(5) or 
C(8a)-C(8) bond in 1-methyltetralin a similar unfavorable interaction in 
the conformer with a pseudoequatorial substituent has been ascribed to 
a lg2A allylic strain." In contrast to tetralins," in tetrahydropyrido- 
pyrimidinones3J3 the C(Sa)-N(l) bond is shorter than the C(9a)-N(5) 
bond. In the latter cases the unfavorable interaction in the conformer 
with a pseudoequatorial 9-substituent should therefore be regarded as a 
peri effect or a lz3A allylic strain, rather thap a 1,2A allylic strain. 

(16) Brignell, P. J.; Katritzky, A. R.; Russell, P. L. J .  Chem. SOC. B 
1968, 1459. 

(17) (a) Aversa, M. C.; Bombieri, G.; Bruno, G.; Cum, G.; Giannetto, 
P.; Romeo, G. J.  Chem. Soc., Perkin Trans. 2 1982, 1213. (b) Barnett, 
J. W.; Bedford, K. R.; Burton, G. W.; de la Mare, P. 0. B.; Nicolson, S.; 
Suzuki, H. Ibid. 1974, 1908 and references cited therein. 
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Conclusions 
The agreement between the predicted and observed 

shifts indicates that the structural features of unstrained 
compounds with unequivocal conformations are described 
quite well by the set of parameters used in the fitting 
procedure. 

The least-squares regression analysis of the carbon-13 
chemical shifts of the ring carbons resulted in 7- and 8- 
methyl substituent parameters similar to those found in 
2-methyltetralins,12 but 6- and 9-methyl substituent pa- 
rameters are quite different from those found in 1- 
methyltetralins. 

The calculated carbon-13 chemical shift parameters can 
be used to predict the shifts of the aliphatic carbons not 
only in the present bicycle but also in other polycyclic 
nitrogen bridgehead compounds containing a tetrahydro- 
pyridopyrimidinone moiety, e.g., 6,7,8,9-tetrahydro-l1H- 
pyrido[ 2,141 quinazolin- l l -one~.~O 

Experimental Section 
'H NMR spectra were obtained on a Bruker WM-250 or a 

Bruker WP-80 spectrometer, operating at 250 and 80 MHz, re- 
spectively. Samples were run in CDC13 solutions with tetra- 
methylsilane as internal standard. 

13C NMR spectra were obtained at 20.1 MHz on a Bruker 
WP-80 spectrometer. Samples were run as saturated solutions 
in CDCl, with tetramethylsilane as internal standard. 

Hydrogenation. 4H-Pyrido [ 1,2-a] pyrimidin-4-ones (23) (10 
mmol) (route A) or 9-formyl-1,6,7,8-tetrahydro-4H-pyrido[ 1,2- 
a]pyrimidin-4-oneg (24) (10 mmol) (route B) in ethanol (50 mL) 
was hydrogenated over a 10% palladium-on-carbon catalyst (0.5 
g) at ambient temperature at atmospheric pressure. After the 
absorption of 2 mol equiv of hydrogen, the catalyst was filtered 
off and the filtrate was evaporated to dryness in vacuo. The 
hydrogenated product of a 3-ester derivative was dissolved in water 
(50 mL), and the undissolved hexahydropyrimidinone was filtered 
off. The aqueous phase was extracted with chloroform (3 X 30 
mL). The combined and dried organic phase was evaporated to 
dryness, in vacuo to give the tetrahydropyridopyrimidinone. 
Tetrahydropyridopyrimidinones 1-4, 14, 15, and 17 were re- 
crystallized from ethyl acetate. The diastereomeric pair 21 and 
22 were separated on a Prep-500 silica (Waters) column with a 
Waters preparative liquid chromatograph with a 2-propanol- 
dichloromethane-ligroin (2:2:1) eluent. 

Computation. The least-squares regression analyses were done 
on a Commodore personal computer by the COMPAC 801 program 
written in BASIC. 
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A stereocontrolled efficient synthesis of thienamycin (1) from 6-aminopenicillanic acid (64") (2) was achieved. 
The thiazolidine ring of bromosulfone 3 was cleaved with DBU and the resulting sulfenic acid 4 was trapped 
with p-benzoquinone to give the sulfone 5, which, after methylation, was transformed to the (hydroxyethy1)- 
azetidinone 6 in a stereocontrolled way. Carbon-carbon extension reaction of 6 at the Cposition with an acetylenic 
Grignard reagent, the following hydration, thiol ester exchange, and cyclization afforded natural thienamycin 
(1) in good yield. 

Recently, much attention has been focused on thiena- 
mycin2 since it has very high and broad activity against 
a variety of b a ~ t e r i a . ~  Syntheses of thienamycin and its 
analogues have been disclosed by a Merck group4 and 
 other^.^ Also conversion of penicillin to thienamycin6 has 
been carried out since fermentation yields of thienamycin 
have been relatively low.2 The purpose of our research was 
the synthesis of thienamycin utilizing inexpensive 6- 
aminopenicillanic acid (6-APA) whose thiazolidine ring can 
be cleaved off and reconstructed to the carbapenem nu- 
cleus. In this synthesis two major tasks need to be un- 
dertaken: (i) a carbon-carbon extension reaction a t  the 
5- and 6-positions of 6-APA and (ii) stereocontrol of the 
three asymmetric centers in thienamycin. These problems 
were solved by careful analysis of the environments of the 
starting material and the target molecule and the formal 
total synthesis of thienamycin was achieved. 

6-APA (2) was converted to the known methyl 6a- 
bromopenicillanate (4)' in 74% yield which was oxidized 
to the sulfone 5 with m-chloroperbenzoic acid. The thia- 
zoline dioxide ring of compound 5 was cleaved with DBU 
according to Stoodley's method8 to give the sulfenic acid 
salt which was transformed into the free acid 6 by neu- 
tralization with trifluoroacetic acid (Scheme I). Sulfenic 

(1) Presented in part at the 9th Intemational Congress of Heterocyclic 

(2) Kahan. J. S.: Kahan. F. M.: Goeeelman. R.: Currie. S. A.: Jackson. 
Chemistry, August 21-26, 1983, Hoshi University, Tokyo, Japan. 

M.iStapley, E. 0.- Miller,'T. W.; Millk, A. K.; Hendlin, D.; Mochales; 
S.; Hernandez, S.; Woodruff, H. B.; Birnbaum, J. J. Antibiot. 1979,32, 
1. 

(3) Tally, F. P.; Jacobss, N. V.; Gorbach, S. L. Antimicrob. Agents 
Chemother. 1978,14,436. Weaver, S. S.; Bodey, G. P.; LeBlanc, B. M. 
Ibid. 1979, 15, 518. 

(4) Johnston, D. B. R.; Schmitt, S. M.; Bouffard, F. A.; Christensen, 
B. G. J .  Am. Chem. SOC. 1978,100,313. Schmitt, S. M.; Johnston, D. B. 
R.; Christensen, B. G. J. Org. Chem. 1980, 45, 1142. Salzmann, T. N.; 
Ratcliffe, R. W.; Christensen, B. G.; Bouffard, F. A. J .  Am. Chem. Soc. 
1980,102,6]6]. Melillo, D. G.; Shinkai, I.; Liu, T.; Ryan, K.; Sletzinger, 
M. Tetrahedron Lett. 1980, 2783. Reider, P. J.; Grabowski, E. J. J. 
Tetrahedron Lett. 1982,23,2293. 

(5 )  See reviews: Kametani, T.  Heterocycles 1982, 17, 463. Special 
Issue. Labia, R.; Morin, C. J. Antibiot. 1984, 37, 1103. 

(6) Karady, S.; Amato, J. S.; Reamer, R. A.; Weinstock, L. M. J.  Am. 
Chem. Soc. 1981,103, 6765. 

(7) Cignarella, G.; Pifferi, G.; Testa, E. J .  Org. Chem. 1962,27, 2668. 
Clayton, J. P. J .  Chem. SOC. C 1969, 2123. 
(8) Corbett, D. F.; Pant, C. M.; Stoodley, R. J. J. Chem. SOC., Chem. 

Commun. 1976,1021. Pant, C. M.; Stoodley, R. J. J. Chem. SOC., Perkin 
Trans 1 1978,1366. Pant, C. M.; Steele, J.; Stoodley, R. J. J. Chem. SOC., 
Perkin Tram 1 1982, 596. 

0022-3263/86/1951-0399$01.50/0 

0' 'L 
P 
CO'CH, 

2 6 - A P A  2 R ' =  H; n=O 
B 4 R 1 =  CH3; n=O - - - 5 R 1 =  CH3; n = 2  

L R 2 =  H 
8 R 2 =  CH3 

9 - 

OCOCH'OP  OR^ ).,+$"' BrMgC-C-SPh 

OCH,  
I '  

acid 6 could be isolated and was characterized by its NMR 
spectrum. The intermediate sulfenic acid 6 was treated, 
without isolation, with p-benzoquinone to afford the sul- 
fone 7.9 When this sulfenic acid salt (6-DBU salt) was 
trapped with methyl iodide, a mixture of the sulfone 17 
and methyl sulfinate 18 was obtained, the ratio depending 
upon the reaction conditions. During this ring-opening 
reaction the stereochemistry of compound 7 was retained 
3,4-trans, this being apparent from the coupling constant 

(9) Trapping of benzenefulfinic acid with p-benzoquinone was re- 
ported Pickholz, s. J .  Chem. SOC. 1946,685. 
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