
= Me, the shifts are lowcred by 6.2 ppm. 

the existence of difkrcnt stereoisomers. From the 
1: “c NM R spectra (T blc 3) the ~~~b~~ Sterno of 3 are 
assi 



carbon (C-7a or CXJa) at 696-100 for cyclopentane 
c~rn~~u~ds and at 6 86-89 for ~yci~bexa~~ com- 
pounds, c-2 at 6 60-63 ( ” = f-0 and at 6 ~~~~ P” 

Me), ~~~b~~s 2 to ~~~r~g~~ in the Arnold part at 
843-50, the tertiary c-4a at (i35-42 and the rest at 
6 Z&33. Further, ~amp~unds 3e, f, i, i exhibited weak 

c=(I.Zsignalsat~ 144~40and6 127-24duetoringchain 
ta~t~m~r~srn (for a revrew, see Ref. 30). 

However compounds 3 exhibit no ~~-abs~~pti~~ 
b~tw~~~ 1430 an cm - s ~~~~ )* ~~~~i~~ that neat 

3 does exist as the cyclic tautomers only. Also mass 
spectra of3 show the expected fragmentation pattern. 
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Base peak (M‘ - NC:‘) corresponds to the ion: 
7 

The structures of the semiketals (4) and the 
condensed dihydropyranes (5) are easily determined 
by comparing the spectroscopic data with those of 
known compounds.3~‘1~‘2 

As a conclusion it may be stated that by reductive 
cyclisation of certain enamines (2) an alternative route 
to pyrane derivatives is at hand. This reaction type 
seems to be of wide scope and a variety of heterocycles 
may be synthesized in a similar way. 

EXPERIMENTAL 

‘H NMR spectra were recorded at 60 MHz on a Varian A- 
60 spcctrometcr (CDCI,) and the “CNMR spectra at 
20 MHz on a CFT 20 Varian instrument (CDCI,). TMS was 
used as internal reference standard. Chemical shifts values are 
expressed in &values. IR-spectra were recorded on a 
Beckmann IR-18 spectrometer. Mass spectra were recorded 
on a Micromass 7070 mass spectrometer operating at 70eV 
using direct inlet. Silica gel 60 (Merck) was used for column 
chromatography. M.ps and b.ps are uncorrected. Elementary 
analysts were carried out by NOVO Micronalytical 
Laboratory. NOVO Industry A/S. Novo All& DK-2880 
Bagsvaerd, supervised by Dr. R. E. Amsler. 

Srclrliq maferiuls. Compounds ta-j were prepared by 
known methods.‘-* Alkylation was performed in anhydrous 
dioxane (Za-F) and in absolute cthanol(2g-j). 

Spcytral data of Zg-j. Ethyl-3-[2-( 1-pyrrolidinot2-cyclo- 
hexenyll-2-methyl-propionate, 2g. ‘H NMR (b-ppm): 4.4 (s, 
0.8H) H C=C, 4.2 (q, J = 7H7., 2H) CH,-0, 2.7-3.2 (m. 
4H)CH2 N. I.0 2.0(m.20H).MS:265(M’).236,220,164 
(base peak), 1.51. IR: 1730cm ’ (s). 1630cm ’ (s). (Found: 

C. 71.75; H, 10.25: N, 4.79. Calc.: C, 72.45; H, 10.19: K. 
5.28 I’,,). 

Ethyl-3- [2-( 1-pyrrolidino)-2-cyclohexcnyl I--?- 
methyl-propionate, 2h. ‘H NMR: 4.65 (t, J = 4 Hz. 0.6 H), 
4.15 (q. J = 7 Hz, 2 H), 0.8-3.0 (m, 24 H). MS: 265, 250, 236, 
220, 178, 164, 151 (base peak). IR: 1730cm- (s), 1630cm-’ 
(s). Found: C, 71.77; H, 10.34; N, 4.51. Calc.: C, 72.45; H, 
10.19; N, 5.28”,,). 

Ethyl-3- [2-( I-piperidino)-2-cyclohexenyll-2 methyl pro- 
pionate, Zi. ‘H KMR. 4.75 (s (broad). 0.25 HI. 4.12 (q. .I 
=7Hz,ZH),l.O 2.9(m,26H).MS:27Y(M’).234,17X(basc 
peak). 165. IR: 1730cm- (s). 1625cm ’ (s). (Found: C. 
72.20; H, 9.96: N 4.87. Calc.: C, 73.12: H, 10.39: N, 5.02”,,1. 

Ethyl-3- _-2-( I-pipcridino)-2-cyclohcxcnyl I--1- 
methyl-propionate, 2j. ‘H NMR:4.9 (t, J = 4 Hz.0.7 H), 4.17 
(dq, J = 6.5Hz. 2H), 1.28 (t. J = 6.5Hz. 3 H). 1.0 (d. J 
= 6 Hz)and 0.8 (d, J = 6 Hz) together 3 H. MS: 279.2X4.270. 
234, 192 (bascpeak). 165, 164. IR: 1725cm ’ (s). 162Scm-’ 
(s). (Found: C, 73.14; H, 10.58: N. 4.95. Calc.: C. 73.12: H, 
10.39; N, 5.02 “s,). 

Genrrul procedurrjor rhe rcduction.5 2 + 3. To an ice-cooled 
soln of LiAIH, (0.05 mole) in anhydrousethcr (50 ml. stirring. 
N,)2(0,05mole)isaddeddropwisc(5 IOmin).Stirringisthen 
continued at room temp. for 3 hrs. Work-up procedure: .4t 0 
I .9 g H,O are added dropwise (5 min) followed by 1.43 g 30 “,, 
NaOH + 14.3 g H20. The icebath is removed and stirring is 
continued for 15 min. The mixture is then filtered and 
extracted twice with ether. The combined ether-extracts are 
dried (YgSOJ), concentrated, and distilled under reduced 
pressure. 

Typical mass spectrum: .3d: 209 (IM ’ ). 180. 166. 164. 156, 
139 (base peak), 113,70. Typical IR spectrum: 3d: 29OOcm-’ 
(s). 1420cm- (m). 1360. 1330. 

Acid hr~dro/ni.\ (3 - 4). Compound 3 (0.005 mole) is 

refluxed with 0.1 N HCI (0.0055 mole) for 6 hr. The scmiacetal 
4 is extracted with CHCI, and purified on column (silica gel, 
ether/p. ether: 50,iSO). 4, n = 2, R’ = R” = H. Yield 61 “,,. 
‘HNMR: 3.4-3.9 (m, 2H) CH,-0. 3.15 (s, 1 H) OH. 1.2-2.2 
(m,llH).MS: 142(1!4’), 125(basepcak), 113.4,n=3.R’ 
= R” = H.Yield82”,,. M.p. 74- (pctroleumether). ‘H hMR: 
3.5 4.0 (m), 2.68 (s), 1.2-2.0 (m, 13 H). MS: 156 (M’ ). 139. 
I13 (base peak). “C NMR: 100.29. 64.61.47.66.42.62. 33.54, 
30.39, 29.82, 28.85. 27.14. 4, n = 3, R’ = H. R” = Me. Yield 
loO”,,. M.p. 64’ (not recrystallized). ‘H NMR: 3.4 3.9 (m). 

R’ 

Table I. Starting material 

Reaction 
n A,b I?' R " time 

Yield BP. 

hrs. % (“~/torl-) 

2 (CH, 1. 
2 (-‘a 1. 
2 CH,CH,OCH,CH. 

3 (CH,). 

3 (CH.). 

3 CH,CH,OCH,CHa 

3 (CH.). 

3 (CH,), 

3 (CHa). 

3 (CJ'a), 

H H a 

H H 8 

H H 8 

H H 8 

H H 8 

H H 8 

H Me 16 

Me H 16 

H Me 64 

Me H 64 

76 110-1_5/0.25 

70 118-25/0.3 

53 120-25/0.75 

70 120-30/0.2 

78 i 20-23/o. 4 

51 125-35jo.25 

70 120/0.2 

64 14410.7 

59 120/0.5 

33 126/O.& 
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Table 2. 

72.75 

73.72 

68.013 

?3+99 

75.27 

68.80 

7t*t3r 

7'1.99 

75.56 

75.58 

10.73 6.21 

IO*86 6,25 

to*10 S-83 

tt.01 6.20 

11.23 6.10 

10.26 6,8i 

11.41 5*8> 

11.20 5*99 

11.46 5.77 

73.27 5.92 

10.77 7.18 

9.95 6.64 

11.#0 6.70 

11.21 6.28 

IO.22 6.72 

If.21 5.28 

t1.21 G-28 

y.39 5.91 

11.39 5.91 

-I-able 3. SpectraI data of 3 

‘H NMR “jc h-m 
3 

N-C-O CHa-Q Wi,-N C-4S 

8 99.98 63*$4 5a,a4 42.74 

b 
4.0 

i m) 
63.39 40.31 

3.5 t, J 5 Hz) 100.65 63.29 50.29 40.17 

46.50 
C 

4.0 
I In) 3.5 t, 3 5 )32) 96*25 59.51 46.02 35.82 

d 3.45-3.9(m) 87.94 61.46 43.86 37.47 

8 45.17 34.41 

f 6~.44 
86,92 59.76 44.68 33.79 

h 3.5-3.9 fml 

i 3a2-3.7 tm) 

i 3,4-3.9 (m) 
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~.55(st,l.t-19(m.l2H~.0.Y0(d.J=6Hz,3H).4,n=5,R’ 
= Me, R” - N. Yield iGO”‘,,. .p+ 94” {~c~role~rn ether). 
‘H NMR: 3.5-4.0 (m), 2.20 (s), 1.0 1.9 (m, IZH), 0.85 (d, J 
=: 6 Hz, 3 H). MS: 170, 155. 153. 137. 127 (base peak). 

Elimirtoricm with osrrl~ ucid (3 -, 5). Compound 3 (0.02 
mofc) and oxalic acid ~ofe~ ~i~so~ved in 40ml 
~~h~~ro~~ dioxanc are ti fur dhr. After ~~~~ding 
overnight the oxalate IS filtered off, The soln. is concentratud 
under vacuum, dissol\Lti in ether. washed with water and 
dried (MgSO&}, 5 is purilird either by distiIlation or by 
column cllrorn~to~r~phy (SK&. cther’p. et 
=4 L R’ = R’” = H, Yield 48”,, from %. ‘H NMR: 3.98 (t, J 
= 5.5Hz. 2H) CH20. 1.4-2.4 (m. 1 H). IR: 1695cm-* (s). 
MS: 124 (M *I base peak), 96. 5, n = 3, R’ = R” = H, Yield 
83”,,from3d. ‘HNMR:3.YQ(t,I = SHx), 1.4 2.1 (m, 12H). 
13~~MR: 147.08, 104.14, 65.59. 29.15, 27.46. 25.45, 23.48. 
23.37, 23.25. IR: l~~~c~ .’ Is). MS: 138 f&f+. base peak). 
I IO. 5, n = 3, R’ = H, R” - Me. Yield 6$“,, from 3g, 
‘H KMR: 3.90 (m, I H)and 3.50 (m, 1 H), 1,4 2.2 (m, 1 I H), 
0.9S(d,J =dHz,3H).IR:1700cm~‘(s).MS:152(1M*.base 
peak). 137. 124. (~~~nd:~,7~.57~H, 1(5.48.C‘alc.:C,78.95;H, 
lo.%“‘,,]. -5, n = 3, R’ = Me, R” = H. Yield 33”,, from Sh. 
“H PU’MR: 3.90 (I, J = 4.5 131). 1.4-2.3 (m, 11 l-l), I.0 (d, .I 
= 6 Hz. 3 H). (Found: C‘. 78.24; H, 10.62, C’alc. (‘, 78.95; H. 
10.53 ‘I,,). 
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