
Ethyl 2,2-Dimethyltetrahydro-4-pyranylpropiolate (III). A 31-g (0.06 mole) sample of phosphorane II 
was p l ac~  in a Claisen flask, and the flask was evacnated to i -3  mm and heated gradually with a bath to 200- 
250 deg C. The product that distilled was collected in a receiver cooled with a mixture of dry ice and acetone. 
The fraction that boiled up to 200 deg C (1-3 ram) was collected. The reaction product contained admixed 
triphenylphosphine oxide. Redistillation gave 10 g (75.2%) of acid III with bp 126 deg~C (3 ram), n~ 1.4770, 
and d~ ~ 1.0492. IR spectrum: 2250 (C-C)  and 1720 (C-----O) cm -1. Found: C 68.6; H 8.6%; MRD 56.627. CI2HI803. 
Calculated: C 68.5; H 8.6%; MRD 56.711. 

Ethyl/~-Diethylamino-fl-(2,2-dimethyltetrahydro-4-pyranyl)acrylate (IV). A 3-g (0.04 mole) sample of 
diethy~mine was added in b e  cold to 6 g (0.03 mole) of Hi in 50 ml of absolute ethanol, after which the mix- 
ture was refluxed for 1 h. The ethanol was removed by distillation, and the product was vacuum fractionated 
to give 4.2 g (50%) of IV with bp 140-141 deg C (2 ram), n~ 1.4880, and d~ ~ 1.0130. IR spectrum: 1580 (C~C) 
and 1690 cm -I (C---O). Found: C 67.8; H 10.3; N 4.9v/0; MRD 80.601. C~6H2sNO s. Calculated: C 67.8; H 10.3; 
N 4.9%; MRD 80.658. 

Ethy!/~-(2,2-Dimethyltetrahydro-4-pyranyl)-fi-oxopropionate (V).  A 3.5-g (0.013 mole) sample of IV 
was dissolved in a small amount of ether, and a saturated solution of 3 g of oxalic acid in ethanol-ether  (1 : 10) 
containing traces of water was added with vigorous stirring. The mixture was then st irred for 12 h, after 
which the precipitated amine salt was removed by filtration, and the filtrate was evaporated to half its origi- 
nal volume and washed twice with water. The ether solution was dried with magnesium sulfate, and the sol- 
vent was removed by vacuum distillation to give 2 g (71.7%) of acid V with bp 130-131 deg C (2 mm), n~ 
1.4710, and d~ ~ 1.0868. IR spectrum: 1720 (ketone C=O), 1750 (C=O in COOC2H~) , 1660 (enol C=C),  and 
3400 cm -* (enol OH). Found: C 63.1; H 8.8~; M/t D 58.712. C~H2004. Found: C 63.1; H 8.8%; MR D 58.724. 
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The three-dimensional structures of a number of diastereomeric 2-alkyl-4-formyltetrahydropy- 
rans were studied by means of ~H and lSC NMR spectroscopy. It is shown that the 2,2-dialkyl 
derivatives are mixtures of two configurational isomers in which the formyl group is equator- 
ially oriented. 2-Monoalkyl-4-formyltetrahydropyrans exist in the form of mixtures of two 
diastereomeric forms that have different orientations (axial and equatorial) of the formyl 
group; the alkyl group in both isomers is equatoriaUy oriented. 

2-Alkyl-4-formyltetrahydropyans are the starting compounds in the synthesis of new biologically active 
substances that have a coronary-dilating effect. Since the physiological activity of organic compounds depends 
to a considerable extent on the geometry of the molecules, the isolation of each isomer and the determination 
of its activity are of great interest. In this case it is more convenient to separate the isomers of the starting 
compounds and subsequently synthesize biologically active compounds with a definite configuration. For this 
reason, in the present research we undertook a study of the three-dimensional structures of 2-alkyl-4-formyl- 
tetrahydropyrans and of the corresponding carboxyUc acids and their methyl esters  by means of ~H and ~3C 
NMR spectroscopy. 
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Fig. 1. PMR spect rum of 2 ,2-d imethyl -  
4 - fo rmyl t e t r ahydropyran  in CC14 (60 
MHz). 

TABLE 1. P a r a m e t e r s  of the 
4 - fo rmyl t e t r  ahydropyr  ans 

62-CI-1~'10 CLIO' J4a3a" 1403e" 2 

I 
I CH~ CH3 

I CH.~ I C2Hs 
II 
II 

IV H CH3 

I1 H n-C3H7 
IV 
II 

IV H i-CaH~ 
i 

1 , 1 5  9,5 
1,o81 
1,03 9,5 
1,10 9,5 

1,05 9,7 
i 

9,5 
9,7 

0,82 9,5 

0,80 9,7 

I 11,2 

I 11,4 
11,5 

11,6 

1H and i3c NMR Spectra of 2-Alkyl -  

4,40 

4,20 
4,08 

71,0 
71,0 

68,5 

80,0 

77,5 

4,12 

lsC NM~ 6, ppm 
I 
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42,3 58,1 
42,6 58,~ 200,7 

31,5 46,2 65s 200,7 
24,0 
30,3 42,7 62,7 202,3 
22,8 

24,4 46,4 65,~ 200,2 
26,5 
23,2 42,8 63,1 201,7 
25,5 
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17,8 
? 

20,1 

19,9 

16,3 (Me) 
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~ R' R*,R:= H, AIk; 
R ~ R a = CHO, COOH, COOCH 3 

R: H R' H 
I I I  

R H R ~ H 

R~ CHO R~ CHO 

If|  IV 

The 2 ,2 -d ime thy l -4 - fo rmyl t e t r ahydropyran  (R I = R 2 = CH3, R 8 = CHO) molecules can exist  in two dif-  
ferent  fo rms  with equatorial ly and axially oriented aldehyde groups (I and III). The signal of the proton a t -  
tached to C 4 appears  in the PMR spec t rum of this compound in the form of a multiplet with three  s p i n - s p i n  
coupling constants (SSCC) (Table 1 and Fig. 1). The splitting of 1.2 Hz is due to coupling with the aldehyde 
proton, since it vanishes in the case  of double resonance  with i r radiat ion at the frequency of this proton (Fig. 
1). The other two SSCC (11.2 and 4.4 Hz ) cor respond to a x i a l - a x i a l  and axial--equatorial couplings of 4-H 
with the protons attached to the adjacent C~ and C 5 carbon atoms. It follows from these data that the 4-H 
proton is axially oriented,  the formyl  group is equatorial ly oriented, and the three-dimensional  s t ruc ture  of 
the molecule  is descr ibed  by s t ruc ture  I. 

When one methyl  group is replaced by an ethyl group (R i = CHs, R 2 = C2H5, R 3 = CHO), one should evi -  
dently expect  that  the numbers  of cis and t rans  i somers  will be close,  since the conformational energies  of the 
methyl  and ethyl groups a re  approximately identical. In fret,  two sets of signals of equal intensities are  ob-  
served  in the PMR spec t rum of this compound for the methyl  and ethyl groups and the 4-H proton. In addition, 
as in the case of the 2 ,2-dimethyl-subst i tu ted compound, the signal of the formyl  proton appears in the form 
of a single doublet (Table i). However,  when the shift reagent  Eu(DPM) 3 is added gradually to the solution, 
this signal a lso is split  into two doublets with identical SSCC (1.15 Hz). Similar data were obtained for the 
corresponding es te r  (R 3 = COOCH3) , in the spec t rum of which the singlet signal of the methoxy group is split 
into two equal- intensi ty peaks when Eu(DPM) 3 is added. In the 13C NMR spect rum the signals of all of the 
carbon a toms except the C 2 atom andthe carbonyl  carbon atom are  doubled (Table 1). The latter fact indi- 
cates  that the formyl  group has an identical orientation in both forms.  
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Fig. 2. PMR spec t rum of 2 -m e th y l -4 -  
fo rmyl te t rahydropyran  in CCI 4 (60 
MHz).  

The signal of the 4-It  proton in the PMR spec t rum is the super imposi t ion of two s imi la r  mult iplets ,  the 
SSCC of which a r e  s imi la r  to the SSCC in the PMR spec t rum of the preceding compound and consequently 
const i tute evidence in favor of an equator ia l  or ientat ion of the formyl  group in both i somers .  Thus it may be 
concluded that 2 -me thy l -2 -e thy l -4 - fo rmyl t e t r ahydropyran  exists  in solution in the form of a mixture  of two 
d i a s t e r e o m e r s  of the I and II type,  which a re  evidently formed in approximately  equal amounts during their  
synthesis  [1]. 

An axial  or ienta t ion of the fo rmyl  group in the molecules  of the two compounds examined above is 
markedly  hindered because  of s t e r i c  1,3 in teract ion with the axial  group at tached to C2. Moreover ,  this so r t  
of interact ion will not develop in 2 -monoa lky l -4 - fo rmyl te t rahydropyrans  if the 2-alkyl  group occupies an 
equator ia l  position. In fact ,  secondary  resonance  absorpt ion corresponding to an axial or ienta t ion of this 
group is observed in addition to the signal of an equator ia l  carbonyl  group in the 13C NMR spec t ra  Of the 2 -  
monosubst i tuted der iva t ives  (R ~ = H, R 2 = cH3, ii-c~}IT, i so-c~I~;  R 3 = CHO). In ~ddition to this ,  the signals 
of all  of the carbon atoms a r e  also doubled (Table 1). 

The fo rmyl  proton in the PMR spec t ra  of the 2-monealkyl  der iva t ives  appear  in the form of a doublet 
(5 9.5 ppra) and a mult iplet  at 9.7 ppm, which a r e  re la ted ,  respec t ive ly ,  to equator ia l  and axial formyl  groups 
(Fig. 2). The complicat ion of the la t ter  signal is probably due to both long-range s p i n - s p i n  coupling with the 
axial  3-H and 5-H protons via a W-shaped path [2] and to v i r tua l  coupling [3]. Two singlets of equal inter$ity 
a r e  observed in the PMR spec t rmn of the corresponding es t e r .  

An analysis  of the PMR spec t rum in the region of absorpt ion of the 4-H proton indicates the p resence  of  
a mult iplet  with SSCC of 1.0-1.15, 4 . ! ,  and 11.5 Hz, which cor respond to an axial or ientat ion of this proton, 
and a less  intense broad signal (Fig, 2). Since the total  width of the la t ter  is less  than 20 Hz,  an SSCC c O r r e -  
sponding to an a x i a l - a x i a l  in teract ion is excluded; this signal is consequently re la ted  to an eqnatoria} ~4~I 
proton. 

OtherProtons  of the 2-monealkyl  der iva t ives  also give two signals,  and the ra t io  of their  a reas  Cor re -  
sponds to the ra t io  of the integral  intensi t ies  of the resonance  absorptions of the fo rmyl  proton. The addition 
of a shift reagent  leads to an increase  in the d i f ferences  in the chemica l  shifts of the signals; however ,  addi-  
f{onal splitting of the peaks of the fo rmyl  proton is not observed,  and this indicates an identical  or ienta t ion of 
the 2-a lkyl  group in both forms .  

The PMR spec t ra  of the monosubsti tuted der iva t ives  at 100 MHz were  r eco rded  for  the de terminat ion  
of the or ienta t ion of the 2-alkyl  group. A port ion of the spect rum of 2 - i sop ropy l -4 - fo rmyl t e t r ahydropyran  is 
p resented  in Fig. 3. The resonance  absorpt ion of the 2-H proton is observed at 2.8-3.2 ppm and is the super -  
imposi t ion of two identical  mult iplets  of different  intensi t ies  with SSCC of 2.3, 6.0, and 11.3 Hz. The J value 
of 6.0 Hz cor responds  to coupling of  2-H with the CH proton of the isopropyl  group, and the other two c o r r e -  
spond to a x i a l - e q u a t o r i a l  and a x i a l - a x i a l  coupling of 2-H with the protons attached to C3; this  consti tutes 
evidence in favor of an equator ia l  or ienta t ion of the 2-a lkyl  group in both i somers .  

Thus on the bas is  of all  of the data it may  be concluded that 2 -monoa lky l -4 - fo rmyl te t rahydropyrans  
exis t  in the fo rm of mix tu res  of two i somer s  of the II and IV type. 

It follows f rom an analysis  of the PMR spec t rum that the axial  6-H proton shows up in the form of two 
gem mult iplets  (Fig. 3) in which [J66 ] = J6a~a = 11.5 I-Iz; however ,  J~ase = 3.25 Hz for  the IV i somer ,  and 

J6ase = 2.75 Hz for  the II i somer .  The equatorial  6-H proton of the II i somer  r e sona tes  in the form of a mul -  
t iplet  with 4 e m =  -11 .5  Hz, J6ese = 1.80 t tz ,  and J6em = 4.50 Hz. The l a rge r  Jsesa value as compared with 
the J6ase value is in agreement  with the vicinal  SSCC of the protons attached to the ~ - and f i -carbon atoms 

[41. 
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Fig. 3. PMR spectrum of 2-isopropyl-  
4-formyltetrahydropyran in CC14 (100 
Mitz). 

E X P E R I M E N T A L  

The PMR spectra of solutions of the compounds in CC14 and CDCI~ were recorded with T-60 and XL- 
100 spect rometers  with tetramethylsi lane as the standard. The ~3C spectra of the pure substances were r e -  
corded with a WP-80 NMR spectrometer  (20.1 MHz) with hexamethyldisiloxane as the standard. 

The synthesis of the investigated aldehydes is described in [1]. 

2-Methyl-2-ethyltetrahydropyran-4-carboxylic  Acid. An aqueous solution of potassium permanganate 
(1.9 g of KMNO4 in 100 ml of water) was added gradually with st irr ing at no higher than 20 deg C to 2.8 g of 
2-methyl-2-ethyl-4-formylte t rahydropyran,  and s t i r r ing was continued for 5 h, after which the m ~ e  was 
allowed to stand overnight. It was then fil tered, and the fil trate was evaporated to dryness. The residue was 
acidified and extracted with ether,  and the extract  was dried with magnesium sulfate. The ether was removed, 
and the residue was distilled in vacuo to give 2.96 g (96%) of the acid with bp 135 deg C (4 ram) and ny  1.4670. 
Found: C 62.4; H 9.1%; C9H~603. Calculated: C 62.8; H 9.4%. 

2-Isopropyltetrahydropyran-4-carboxylic  Acid. Similarly, 4.63 g (94%) of this acid, with bp 131 deg C 
(4 mm) and ny  1.4635, was obtained from 4.2 g of 2-isopropyl-4-formyltetrahydropyran.  Found: C 62.7; H 
9.4~ o. C9H160~. Calculated C 62.8; H 9.4%. 

Methyl 2-Methyl-2-ethyltetrahydropyran-4-carboxylate.  A mixture of 3.44 g of the acid, 20 ml of abso- 
lute methanol, and a few drops of sulfuric acid was refluxed for 15 h, after which the methanol was removed 
by distillation, and the residue was extracted with ether. The extract  was washed with water and dried with 
magnesium sulfate, and the ether was removed. The residue was distilled in vacuo to give 3.43 g (92%) of the 
es te r  with bp 79 deg C (5 mm) and n~ 1.4490. Found: C 64.4; H 9.5%. C,0H1803. Calculated: C 64.5; H 9.7%. 

Methyl 2-Isopropyltetrahydropyran-4-carboxylate.  Similarly, the reaction of 3.44 g of acid gave 3.35 g 
(90%) of the es ter  with bp 76 deg C (4 ram) and n~ 1.4460. Found: C 64.3; H 9.6%. C10H1803. Calculated: 
C 64.5; H 9.7%. 
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