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REACTION OF 4-METHYL-3,4-EPOXYTETRAHYDROPYRAN WITH ~-AMINO ACIDS 

U. G. Ibatullin S. A. Vasil'eva, Z. Kh. Karimova, 
I. Z. Latypova, and M. G. Safarov 

UDC 547.466'811'812.07 

Depending on the conditions, s-amino acids react with 4-methyl-3,4-epoxytetra- 
hydropyran at the amin or carboxy group to give products of opening of the oxirane 
ring in conformity with the Krasusskii rule. 

The reaction of epoxide with various nucleophiles is often used in organic synthesis 
owing to its high selectivity and the mild conditions under which it is carried out. For 
example, the corresponding amino alcohols were obtained in this way from epoxides of the 
tetrahydropyran series by the action of aliphatic amines [I, 2]. ~ -AMino acids can also 
be regarded as potential nucleophiles, although they exist in the zwitterionic form in 
aqueous solutions [3, 4]. However, the situation changes when one uses a certain excess 
of alkali, which promotes an increase in the pH and conversion of the awitterion to the 
conjugate base. Using this, we investigated the reaction of 4-methyl-3,4-epoxytetrahydropyran 
(I), previously synthesized in [2], with a number of amino acids. 

It was found that N-f4-hydroxy-4-methyl-3-tetrahydropyranyl)amino acids IIla-o are formed 
in the 60-96% yields (~able lJ when epoxide i is treated with sodium salts of amino acids in 
aqueous solution at 80~ An intense absorption band at 1580-1590 cm -l, which is characteristic 
for stretching vibrations of an NH 2 group, and a band at 1610-1620 cm -l, which corresponds 
to stretching vibrations of the CO~ anion [5], are observed in the IR spectra of products 
lila-o. In the case of the reaction of piperidine with 2-aryl-4-methyl-4,5-epoxytetrahydro- 
pyrans the primary formation of one of the stereoisomers - the product of trans-diaxial 
opening of the epoxide ring - was proved by spectral methods (by means of the chromato- 
graphic mass, IR, and PMR spectra) in [6]. This sort of orientation of the amino and hydroxy 
groups is also characteristic for other epoxides of the pyran series [2, 7]. On the basis 
of this it might be expected that, when amino acids are used, opening of the epoxide ring 
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TABLE i. Characteristics of the Synthesized Compounds (IIIa-o, 

s  

2om- 
~otmd 

llIa 
lllb 
I11c 
llld 
llle 
lllf 

I I Ig  
ll~h 
IIIi  
illj 
lllk 
III i 
111m 
Il ln  
IIio 
IV* 
V* 

VI* 

Empirical 
formula 

rXp, ~ 

CsHIsNO4 79.. .80 ] 
CIIH21NO45 212...213] 
C~H~TNOr 194...19~] 
C,oHIgNO5 201...202] 
CI,HmNO4 164...i65] 
C12H23NO4 240...241[ 
CgH,TNO5 241...242] 
CI~H2*N20* 2}1-..2121 
CmH24N404 238...239[ 
CI~H21NO4 205...2061 
CITH2~N20, 211,..212 I 
Cl~Hl~NaO4 277...2781 
CuHmNO4 298 ,..299 / 
C,,H=,NO~ 230 ... 2311 
C,IHmNO~ 128...1291 
C~2HaNOs "- 
C~H~NOs 
ClrHmNOs 

PMR spectrum (in CF3COOD) , 6, ppm 

CHa 
4-CI-l~ of acid 5-H 2-H. &H. Oli. NH:, Yield, 
(3H), ] (3H), (2H), 6-H (5H), s % 

S ] ;S t m 

1,75 I 3 , 3 . . . 3 , 6  - -  83 
1,84 t 3,3 ..3,7 61 

~42 1.68 I a,as. .3,76 1 63 
1,67 } 3,32...3,981 61 
1,84 ] 3,32...3,96] 75 
1,76 [ 3,55...4,281 83 
1,74 I 3,72...4,06] 96 
1,86 I 3,32... 3,981 8O 
1,84 / 3,24 ...3,961 94 
1,75 I 3,32... 3,98] 86 
1.86 / 3,45... 4,96] 90 
1,84 I 3,56... 4,15j 80 
1,75 ] 3,56...4,34 ] 82 
1,76 / 3,62...4,24/ 90 
1,82 ] 3,42... 4,05/ 88 
1,64 / 3,55...3,96 ~ 
1,64 ] 3,32...4,05 
1,94 I 3,55 .. .  3,96 92 

*The PMR spectra were obnained from solutions in CDCI 3. 

~ 0  / - - 0 \  

/ \ [ i  ~ /0~ / />  + I~2N-R -Oil - - ~ - - ' i  

Cll:~ CII~ I~ItR 
I I! a - o  I I ~ - O  

II,III eR= : ~R= R= , 
] C02H ~ N  ~ N ~-.b./NH 

H 

II, II1 a R=CH2CO2H; b R=CHa(CH2)2CHCO2H; c R =CFI~CHCO2H; 
d R=CHaCH(OH)CHCO2H*; f R= (CHa)2CHCHCO2H; R=C6HsCH2CHCO2H; 
h R=CHaCH2CH(CHa)CHCO2H; i R=HOCH2CHCO2H; gJR=H2N(CH2)4CHCO2H; 

k R=HN=C(NH=)NH(CH=)aCHCO2H; n R=CHa(CH~)=CHCO2H; 
o R = HO=C (CH~) 2CHCO2H 

would proceed trans-diaxially in accordance with the Krasusskii rule, i.e~ at the least 
substituted carbon atom. Since mixtures of L- and D-amino acids (with the exception of IIe) 
were subjected to the reaction, the products formed are also racemates. 

The reaction of oxiranes with amino acids at the second nucleophilic center - the car- 
boxy group - is also of definite interest, esters IV-VI are formed in 60-92% yields when N- 
substituted amino acids are heated with epoxide I in CHCI 3 in the presence of p-toluenesulfon- 
ic acid (p-TSA). 

R 2 

R1HN"LC02 II / x  / 0 
I p-T,OII - -  O~x?H ? R 2 

J... 
CH 3 OC i NHRI 

H 
IV-VI o 

IV RL=Ts, R2=CH2Ph; V R~=COPh, R2=bPr; VI R~=Ac, R~=CH2Ph 

Opening of the oxirane ring under acid-catalysis conditions is not always as unambiguous 
as in the action of bases [8]. In our case one therefore might have expected the formation 
of mixtures of products. However, data from TLC, as well as the PMR and IR spectra, provide 
evidence from the formation of only products of opening of the epoxide ring at the least sub- 
stituted carbon atom. 

The presence of a tetrahydropyranyl fragment in the amino acid molecules does not hinder 
their subsequent modification with respect to the free functional groups. For example, N-(4- 

*All the rest are D,L isomers. 
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nz  b -- 

/~. C02H --0 C1 �9 / k 

----- i" OH "; ~ ," CO~H /C0~H 

CH. r~'H v s 

~"C02H VIII 

- - 0  

CH3I < OH '> 
\ !  . . . . .  C~ 

eli 3 
: ! ' , S[+ ~CI{~ I- 

VHI 

hydr•xy-4-methy•-3-tetrahydr•pyrany•)-N-carb•xymethy•amm•nium-S-carb•xymethy•methi•nesu•f•nium 
dichloride (VII) and N-(4-hydroxy-4-methyl-3-tetrahydropyranyl)-S-methylmethioninesulfonium 
iodide (VII) were obtained in 60-63% yields from IIIb by the action of monochloroacetic acid 
and CH3I, respectively. 

EXPERIMENTAL 

The IR spectra of thin films or suspensions in mineral oil were recorded with a UR-20 
spectrometer. The PMR spectra of solutions in CF3CO2D and CDCI 3 were obtained with a Tesla 
BS-487C spectrometer (80 MHz) with hexamethyldisiloxane (HMDS) as the internal standard. 

The results of elementary analysis of III-VIII for C, H, and N (CI, S) were in agreement 
with the calculated values. 

4-Methyl-3,4-epoxytetrahydropyran (I) was obtained by the method in [2]. 

N-(4-Hydroxy-4-methyl-3-tetrahydropyranyl)amin @ Acids II!a-o. The amino acid (18 mmole) 
was added to a solution of 0.8 g (20 mmole) of NaOH in 20 ml of water, 2 ml (18 mmole) of 
epoxide I was added to the resulting solution, and the mixture was stirred for 3-4 h at 80~ 
It was then neutralized to pH 7 with 4 N HCI solution, and the resulting precipiate was re- 
crystallized from water~ The characteristics and yields of the esters obtained are presented 
in Table i. 

Amino Acid Esters IV-VI. A 17 mmole sample of the N-substituted amino acid was dissolved 
in 50 ml of CHCI 3, 1.9 ml (17 mmole) of epoxide i and 0.01 g (0.005 mmole) of p-toluene-sulfonic 
acid were added, and the mixture was stirred for 33-55 h with a magnetic stirrer at 60-65~ The 
characteristics and yields of the esters obtained are presented in Table i. 

N-(4-Hydr~xy-4-methy~-3-tetrahydr~pyrany~)-N-carb~xymethy~am~n~nium-$-carb~xymethy~methi~- 

ninesulfonium Dichloride (VIIb, CI~H27CI2NOsS). Water (i0 ml) was added to a mixture of 
0.69 g (3 mmole) of IIIb and 1.39 g (8 mmole) of CICH2CO2H, and the mixture was stirred 
fo4 2 h at 80~ Evaporation gave 1 g (60%) of salt VII with mp 160-161~ IR spectrum: 
1320 (C-S), 1775 (CO2H) , 2415, 1490, 2565 cm -I (NH). 

N-(4 Hydroxy-4Tmethyl-3-tetrahydropyranyl)-S-methylmethioninesulfonium Iodide (VIII, 
CI2H24INO~S). Water (i0 ml) was added to a mixture of 0.46 g (2 mmole) of IIlb and 0.18 
ml (3 mmole) of CHBI, and the resulting mixture was stirred for 6 h at 40-45~ Evapora- 
tion gave 0.5 g (63%) of salt VIII with mp 169-170~ IR spectrum: 1585 (NH), 1630 (C02H) , 
3430 cm -Z (OH). 

1. 

2. 

3. 

4. 
5. 
6. 
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REACTION OF HFXAMETHYLDISILOXANE WITH 2-ETHOXY-I,3-DIOXOLANE 

I. P. Zhurkina, E. P. Nedogrei, R. S. Musavirov, 
I. A. Kondrat'eva, and D. L. Rakhmankulov 

UDC 547.421'245.04:542.51 

The reaction of hexamethyldisiloxane with 2-ethoxy-l,3-dioxolane is described. 
It is shown that cleavage of the endo- and exocyclic carbon-oxygen bonds of the 
ortho ester occurs under mild conditions (16-20~ in the presence of acidic cata- 
lysts with the formation of 2-(trimethylsiloxy)ethyl formate, the subsequent trans- 
formation of which leads to ethyl formate, trimethylethoxysilane, and 1,2-bis(tri- 
methylsiloxy)ethane. 

The literature contains data on the reaction of acetals and ortho esters with alkoxysil- 
anes [1-4] and 1,3-dioxa-2-silacycloalkanes [5], which proceeds with cleavage of the carbon- 
oxygen and, correspondingly, silicon-oxygen bonds. Information regarding the reactions 
of ortho esters with silixanes is not available. 

We have studied the acid-catalyzed reaction of hexamethyldisiloxane (HMDS) (1) with 
2-ethoxy-l,3-dioxolane (II) for the first time. It was established that the reaction pro- 
ceeds under mild conditions and leads to the formation of 2-(trimethylsiloxy)ethyl formate 
(IV), trimethy~ethoxysilane (III), 1,2-bis(trimethylsiloxy~ethane (V), and ethyl formate (VI). 

It is assumed that the initial product is the unstable 2-trimethylsiloxy-l,3-dioxolane, 
which readily undergoes isomerization to IV~ The subsequent reaction of IV and III leads 
to final products V and VI. According to GLC data, the maximum yield of aldehyde IV is 
16-20% and was obtained when phosphorus pentoxide and concentrated nitric acid were used 
as catalysts (Table I). 

An increase in the temperature from 20~ to 100~ and a change in the molar ratio of 
the components have virtually no effect on the yield of product IV (Table i). 

Very small amounts (up to 1%) of 2-(trimethylsiloxy)ethanol (VII) and trimethylsilanol 
(VIII) were detected in the rection mixture by chromatographic mass spectrometry. The forma- 
tion of the indicated compounds constitutes evidence for partial hydrolysis of the starting 

compounds and final products: 

Scheme 1 

~0/__0C2H5 . . . .  ~ ]1 III ( C F I 3 ) 3 S i O S i ( C I I 3 ) 3  + ~\ ~ ~OSi(CH~)~ ~ HCO(CH2)aOSi(CHj) 3 -HC(O)OCzH5 (CIIj)~SiO(CH2)2OSi(CIIj)~ 
-(CHJ)JSiOC2H5 O 

I IX I I I  I~" Vl  V 

HOCH2CH2OSi(CH~)3 (CHj)jSiOH O 0 O 0 

OCHzCH20 
LX 

1,2-Bis(l',3'-dioxolan-2'-yloxy)ethane (IX), which may be formed by isomerization of 
dioxolane II under the experimental conditions [6], is present in trace amounts in the reac- 
tion mixture. 

It is known that cyclic ortho esters readily undergo isomerization to acyclic compounds 
under the conditions of solvolysis reactions. Reverse reactions are realized in exceptional 

bases [ 6 ] . 

Ufa Petroleum Institute, Ufa 450062. Translated from Khimiya Geterotsiklicheskikh 
Soedinenii, No. 12, pp. 1607-1611, December, 1989. Original article submitted April 20, 1988; 
revision submitted July 13, 1988. 

1338 0009-3122/89/2512-1338512.50 @1990 Plenum Publishing Corporation 


