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AbstmcC Substintted S.6-dihydro-4H-l3axminu are prepared by the acid-catalyzed amidoalI&tion of rhe terminal 

o&ii. S#-Dihydro-4H-oxazines undergofvrrhcr lran@ormaiions involting lhe he&o-ring at&or the substituen~ 

leading to alkyl amino-substimed Sd-dihydro4H-I 3-dihydrooxazines andlot IO ring-opened products, 3- 

hydraxypr&ami&s. 

INTRODUCTION 

Amidoalkylations of various olefins in the presence of acid catalysts are good preparative methods for the 

synthesis of 1,3-oxazines and -thiazines t*2. The primary products from amidoalkylations of olefins are 

normallys-5 the hete~~yclic compounds 2 (Scheme 1). 

H +H2- x + H+ H \ ,CH; RlAo z RIAo +$ ’ R3 -R1 
1 1 

R5 

RS x R4 

2 (Y=O,S) 
Scheme 1 

These reactions proceed via l&polar cycloadditions of the amido- or thioamido-methyl ion 1 to the 

olefin6-8. Formation of both 13-oxazines (Y=O)*g and 13-thiazincs (Y=S)to 2 are step-wise additions which 
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occur regiospecifically in accord with Markovnikov’s rule and stereospecifically cis. Detailed mechanistic 

studies’*8 strongly suggest that the cycl~ition process is nearly synchronous. Various reagent combinations, 

such as nitriles and formaldehyde*t, carboxamides and formaldehyde* or individual reagents such as N.N‘- 

methylene-his-bide or 1.3,5-~cylhexahydro-1,3,5-niazines*2 can be used for the ~~kyladon. 

In addition to the amidoalkylation of olefins, several synthetic routes to partly or fully substituted 5,6- 

~hy~~4H-1,3-ox~n~ have been described: (i) from olefins by acylamidation with acyltetrafluorohorate and 

nitrile to 6-fluorosubstituted derivatives 13, (ii) from olefins by [4+2] cycloaddition14, (iii) by intramolecular 

cyclization of 3-acylamino- 1 -propanols 15, (iv) from oxetanes and nitriles by cycloaddition followed by ring 

expansion*6. The compounds thus obtained have been shown to be hydrocarbon antioxidants and choline 

acetyltransferase inhibitorsta, and useful in the syntheses of polymerstg, liquid crystals2o, surfactantst9, and 

chemically- and heat-resistant resins 21. 2-Alkyl- and 2-vinyl-5,6-dihydro-4H-13-oxazines are valuable 

synthons for the synthesis of aldehydes and other compounds as shown by Mcyersz. 

The present paper describes our efforts to generalize procedures for the preparation of substituted 5,6- 

dihydro-4H-1,3-oxazines by the amidoalkylation of unactivated oletines with carboxamides/fotmaldehyde or N- 

(hydroxymethyl)carboxamides in the presence of acids. Ring-opening of these heterocycles has been assumed 

for the transformation of alkenes into hydroxy and/or amid0 or amino alkyl derivatives, and we describe further 

transformations of 5,6-dihydro-4H-I,3-oxazines involving the hetero-ring and/or the substituent. 

RESULTS AND DISCUSSION 

In previous syntheses of 5,6-dihydro-4H-ld-oxazines by the amido~kylation of ole~ns7~8~*1~-27, the 

use of nitrile/formaldehyde or amide/formaldehyde systems 8~1 had the advantage over N-(hydroxymethyl)- 

amldes or N~chl~yl)-~~s2 of requiting no preliminary preparation and isolation of the reagents and of 

starting from readily available materials. However, we have found no published general procedures for the olefl 

amidoalkylatlon giving good yields of 5,6-dihy~4H-1,3-0~~~~. The best results (~~ yields) are 

reported for styrene derivatives, but the use of alkyl-substituted alkenes resulted in yields of 15 to 60% of 

compounds 2 (Scheme I), see ref.2 and papers quoted theirln. The use of ~~uoroacetic acid as a catalyst for 

amidoalkylation was reported to give N-alkenylamides2fi. 

In the present work, we used ben~mide/par~~aldehyde, ac~lamide/p~aformaldebyde or N- 

(hydroxymethyl)acrylamide, and N-(hydroxymethyl)foramide as the source of amidoallcylating ions 4 a-c, 

together with alkenes 3 a-g, in the presence of acetic and sulfuric acids, or ~~uo~acedc acid (Scheme 2). 

Substituted 5,6-dihydro-4H-1,3-oxazines 5 a-p (Scheme 2 and Tables 1 and 2) were obtained in 50-85% 

yields, and the opti~m radons depended upon the site of the olefin, basting agent and catalyst 

used. The structural proofs for compounds 5 a-p were based on the NMR spectral data (Table 2). The proton 

and carbon signal ~~~~R~ and the ~nf~dons of dihy~4H~l,~x~ne rings am discussed ~ge~r 

with the COSY and HRTCOR experiments used in a separate papeG. 

Ott-1-ene (3a), cyclohexene (3b), 2,4,~~me~yl~nt-1~ne (TMP-I), (3c) octadec-1-ene (30 and icos- 

I-ene (3g) each smoothly yielded the corresponding dihydrooxazine 5 (Scheme 2, Tables 1 and 2). On 
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amidoalkyhttion with benzamide/pamformaldehyde or N-(hydroxymethyl)acrylamide, cis-hept-2-ene (3e) gave 

mixtures of two isomeric oxazines 5 k,l and 5 m,n respectively, in ratios of 1.7:l in each case (comparison of 

the integrals in the 1H NMR spectrum). A similar experience with &-pent-Z-ene had been repor&. We failed 

to separate the mixture by distillation, and the distillate had the same isomer ratio, The 13C NMR spectra also 

clearly &towed signals for two isomers in each case, and the difference in the m0 signals was -4.0 ppm (Table 

2). 

R’ H x I + +CH2NHCOR4 - 

R* R3 

3 a-g 4 a-c 5 a-p 

3 a R’=R*=H, R3=Me(CHa),; b R1+R2=(CH2)4, R3=H, c R’=H. R*=Me, R3=CHsCMes; 

d R’=CMe,, R2=R3=Me; e R’=Me, R*=(CH,),Me, R3=H; f R’=R*=H, R3=(CH&sMe; 

g R’=R*=H, R3= (CH&TMe; 4 a R4=Pk b R4= CH=CH,; c R4= H 

Scheme 2 

Table 1. S,6-Dihydro-QH-Z,3-oxarines 5 a-p. 

Compd 
5 

R’ R2 R3 R4 

a 

b 

C 

d 

e 

f 

IF 
h 

i 

j 
kb 

16 

mc 

I@ 

0 

P 

H H 

H H 

H H 

H Me 

H Me 

H Me 

CMe3 Me 

-(cH2)4- 

-(cH2)4- 

-GR!h- 

QWNe * 

h4e (CH2We 

(~2hMe Me 

Me (cH2)3Me 

H H 

H H 

(CH2)5Me 
(CHz)sMe 
O-k&Me 
CHzCMe3 

CHzCMe3 

CH2CMe3 

Me 

H 

H 

H 

H 

H . 
H 

H 

(CW)1sMe 

(CHz)17Me 

Ph 

CH=CHz 

H 

Ph 

CH=CHz 

H 

CH=CH2 

Ph 

CH=CH2 

H 

Ph 

Ph 

CH=CH2 

CH_cHz 

Ph 

Ph 

= Obtained from 3d and isolated as a mixture of Sg and Se in 1.3:1 ratio. 

b Obtained from 3e and isolated as a mixture of isomers 5k and 51 in 1:1.7 ratio. 

C Obtained from 3e and isolated as a mixture of isomers Sm and Sn in 1: 1.7 ratio. 
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The products of amidoalkylation of 2,4.4-trimethylpent-2-ene (TMP-2) (3d) depend upon the 

big agent and acid used (Scheme 3) in a manner which is explained by an acid-catalyzed equiRbrhrm 

between 3d and 3~. Both 3d and 3c are converted mainly into cation 6 in CP3COOH at room temperature 

[(CDCl3CP3COOH, l:l), 1H NMR, 8~1.05 (s, 9H, 3Me). 1.67 (s, 6H. 2Me), and 1.90 (s, ZH, CH2); 13C 

NMR: 23.32 (Me), 30.88 (C&I&. 31.78 0fe3), 52.69 (CH2). 93.36 (-C+<)]. Hence, the rest&s of the 

~d~l~ons of 3d and 3c are determined by their comparative rates of amidoalkylation and protonation: 

under conditions D and c the pmtonation rate is higher whereas the amidoalkylation rate is higher for conditions 

b (Scheme 3). Similar isomerization of a double bond was observed for some viny@cIopropane derivatives29 

and for TMP-230 under the conditions of the Vilsmeier reactions and was explained by the reduction in steric 

strain. WC have not found any literature report of a double bond isomerization in the amidoalkyhuion of olefins. 

XI* * x_& 5 xi% + 

3d 6 3c I 1 
[RCONHCHaOH] 

4 a,b 

Se 5li! 
1 : 1 

Scheme 3 

Trifluoroacetic acid is the best catalyst for the amidoaikylation of alkenes 3 a-e to dihydro-4H-1,3- 

oxasines 5 a-n (Method E, Table 2 and Experimental part) in contrast to the earlier reports of the formation of 

N-~eny~~es in this reactionu. 

The products of the S,6-dihydro-4H-1,3-oxaxine ring scission, 3-hydroxypropylamides, were isolated in 

some cases as side-products of the olefin ~do~~lation~6:7~3t. A2Cxaxolines, cyclic imidic esters, are 

known to be readily hydrolyxed32, and it was assumed that 5,6-dihydro-4iY- Id-oxazines would teact similarly. 

However* the ring-opening reactions of 5 a-p were not so easy. Thus, acid-catalyzed hydrolysis of the isomeric 

mixture 5 k,l at 1oOoC for 24 h, gave only 12% of amido alcohols 7 c,d (Scheme 4), and the starting oxazines 

5 IQ were recovered in 85% yield. Refiuxing oxazines 5 a,h,(k,l] in 25% aqueous NaOH solution for 24 h 
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left the starting materials unchanged. but the use of ethanol as a co-solvent gave the desired amid0 alcohols 7 

n,b,(c,d) in 70-80% yield. 2-Vinyl-substituted oxazines 5 b,i (Table 1) gave complex mixtures of lo-15 

components (CC!), in which neither the starting materials nor the desired ring-opened products could be found. 

The 6.bdisubstituted derivatives 5 d,e (Table 1) were surprisingly unreactive under these conditions, the 

starting materials wem recovered in 92-9546 yield 

II%20 or OH-/H20 
t 

5 a,h,(m,n) 7 a,b,(c,d) 

7 a R1=R2=H, R3=(CH2)sMe; b R1+R2=-(CH,),, R3=H, c R’= Me, R2=(CH2)3Me. R3=I-k 

d R’=(CH,),Me, R’=Me. R3=H 

Scheme 4 

‘Ike 2-vinyl sub&rent can activate the diiydrooxazine ring to ring opening. On the interaction of 2-vinyl- 

substituted oxazines 5 b,e,i,(m,n) with butylamine in ethanol, adducts 8 and/or ring-opened products 9 were 

obtained (Scheme 5). Thus the primary activation by the heterocycle is of the vinyl fragment to nucleophilic 

+ BuNH2 
EtOH-H20, 6: 1 

5 W4Mw) 

t 
A 

8 a-c,(d,e) 

8 a-c,(d,e) 9 a,c,(d,e) 

g,9 a R*=R2=H, R3=(CH.&Me; b R’=H, R*=Me, R3=CH2CMe3; c R’+R’=-(CH&, R3=H; 

d R’=Me, R2=(CI-Q3Me, R3=I-& e R’=Me, R2=(CH,)3Me. R3=H 

Scheme 5 

addition. The result of the reaction depends upon the ratio of the reagents, the nature of the starting oxazines and 

the amount of water added. Thus, on refluxing equimokcular amounts of Se and butylamine in ethanol for 24 h, 

amino adduct Sb was obtained in 85% yield. Increasing the amounts of amine or water did not change the result 

of this reaction. However, oxazines 5 b,i,(m,n) gave mixtures of 8a and 9a (4:5), 8 c and 9 c (3:5). and 

8(d,e) and 9(d,e) (3:5) (GC). Increasing the amounts of amine or water slightly changed the ratio of 8 to 9 in 

the mixtures. The ring-opened compounds 9 a,d could easily be separated from amines 8 a,d by washing 

with ether: the crystalline amides were insoluble in this solvent but the liquid amines disolved. Analytically pure 

amide 9c was isolated as a non-volatile residue after vacuum distillation of the crude mixture 8,9 c We failed 

to obtain amines 8 a-c analytically pure - on distillation these compounds partially eliminate butylamine giving 
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mixtures containing the corresponding vinyl-substituted oxazines (GC and GC/MS) (Scheme 5). After 

interaction of the isomerlc mixture 5 (m,n) with butylamine, we could isolate the single pure amide 9d along 

with mixtures of amines 8(d,e) and of ring-opened isomers 9(d,e) (GC/MS) (Scheme 5). The structure of 

5.9-diaza-12-hydroxy-1 l-me~yIhexad~~-8-one (9d) was established with the use of DEPT. lH, 1H COSY 

and lH, l3C HBTCGR experiments; the assignments of the proton and carbon signals are given in Table 3. 

CONCLUSION 

The functionalization of unactivated alkenes can be successfully accomplished by the amidoalkylation 

reaction. Depending upon the structure of the 5,~dihy~-4~-1,3-ox~ines obtained, further transformations of 

the hetero-ring and/or a substltuent can lead to alkylamino substituted 5,6-dihydro-4H- 1,3-oxazines and/or 

amino hydroxamides which are difficult to access in other ways. The reactions described are simple to carry out 

and mainly give good yields. 

EXPERIMENTAL PART 

Melting points were determined on a Thomas-Hoover capillary m.p. apparatus and are uncorrected. 1~ and 13C 

NMR spectra were recorded on a Varian VXR 300 spectrometer (300 and 75 MHz, respectively), using CDC13 

as solvent and tetramethylsilane as internal reference. On GC experiments, a Hewlett-Packard HP 5890 gas 

chromatograph, equipped with FlD and split injection port, was used. A capillary column, “Supelco” SPB- 1,lS 

m long was used with a split ratio of 3&l. GUMS spectra were recorded on a Varian Finnigan IT-7~ 

instmment. Mass spectra were recorded on a Krafts AEI MS 30 spectrometer. Elemental analyses were 

performed on a Carbo Erba 1106 elemental analyser. 

General Procedures for the Synthesis of 5,6-Dihydro-4H-i,3-oxazines 5 a-p. 

A4erbdA. A mixture of benzamide (0.01 mol), parafozmaldehyde (0.01 mol) and the olefin (0.01 mol) 

was stirred in 10 ml of glacial acetic acid over 10 min at room temperatute, and a mixture of 12.5 ml of glacial 

acetic acid and 1.5 ml of 98% sulfuric acid was added dropwise at lo-150C for 10 min. The mixture was stirred 

at 657ooC for lh and poured into ice-water (50 ml). It was washed with ether (30 ml x 2). basified with 25% 

aqueous sodium carbonate solution to pH 7-7.5 while stirring vigorously and exctracted with ether (30 ml x 2). 

The ether layer was dried (MgS04). and the solvent removed under vacuum. 

Method B. A mixture of benzamide (0.01 mol) and p~~~ldehyde (0.01 mol) in 12.5 ml glacial acetic 

acid and 1.5 ml 98% sulfuric acid was heated at 7fPC for 30 min under vigorous stirring. The olefin (0.01 mol) 

was added dropwise and the dark-red solution was stirred at 60-7oOC for 15 min. The work-up was as was 

described in Method A. 
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Merhad C. A mixture of acrylamide (0.01 mol) and paraformaldehyde (0.01 mol) in 12.5 ml glacial acetic 

acid and 1.5 ml 98% sulfuric acid was heated at 7oOC for 10 min under vigorous stirring and the olefin (0.01 

mol) was added dropwise over 10 min. The mixture was stirred at 80-85oC for 30 min and worked-up as 

described in Method A. 

Method D. A mixture of olefm (0.01 mol), N-(hydroxymethyl)acrylamide (0.01 mol) and glacial acetic 

acid (10 ml) was stirred at 5ooC for 10 min, and a mixture of 12 ml glacial acetic acid and 2.5 ml 98% sulfuric 

acid was added dropwise over 10 min. The mixture was stirred at 7oOC for 1 h and worked-up as described in 

Method A. 

Merhod E. A mixture of olefin (0.01 mol), the corresponding amidoalkylating agent (0.01 mol) and 

trifluoroacetic acid (10 ml) was heated at 7oOC for 1 h under vigorous stirting. Trifluoroacetic acid was distilled 

off under vacuum, and the residue poured onto ice-cold 15% aqueous NaOH solution (20 ml) and extracted with 

ether (30 ml x 2). The ether layer was dried over MgS04, and the solvent removed under vacuum 

Method F. To a stirred mixture of the oletin (0.01 mol) and trifluoroacetic acid (10 ml), N- 

~hy~xy~~yl)fo~mide (0.01 mol)M was added dmpwise at mom temperature. The mixture was vigorously 

stirred at 850C for 1 h and worked-up as described in Method E. 

Compounds 5 a-n were purified by distillation, and 5 o,p were recrystallized from ethanol (Table 2). 

General Procedure for the Synthesis of 7 a,b,(c,dj. 

A mixture of the appropriate oxazine 5 (0.01 mol), ethanol (5 ml) and 25% aqueous NaOH solution (8 

ml) was heated at 1oOoC for 24 h, diluted with water (30 ml) and extracted with chloroform (20 ml x 3). The 

chlorofo~ layer was dried over MgS04, and the solvent removed under vacuum. The mixture of 7(c,d) was 

isolated analyticaly pure. Compounds 7 a,b were recrystallized (Table 3). 

Reactions of &Vinyl-substituted Derivatives 5 b,e,i,(m,n) with Butylamine. 

A mixture of the appropriate oxazine 5 (0.01 mot), butylamine (0.012 mol), ethanol (6 ml) and water (1 

ml) was refluxed for 24 h. Ethanol and excess butylamine were removed under vacuum, and the residue was 

diluted with ether (10 ml). Crystalline 9a and 9d were separated from the corresponding mixtures (Table 3). 

The ether solutions of amines 8 a-c were dried, the solvent removed and the residues distilled. CC/MS revealed 

the increased amounts of the starting oxazines 5 b,e,k in the distillates in comparison with crude mixtures. 

Compound 9c was obtained analyticaly pure after vacuum distillation of the crude mixture. 

REFERENCES 

1. Zaugg, H. E. Synthesis 1970,49. 

2. Zaugg, H. E. Synthesis 1984, 181. 

3. Schmidt, R. R, Synthesis 1972, 333. 

4. Schmidt, R. R. Angew. Chem. Int. Ed. En@. 1973,12, 212. 



3918 A. R. KMWlZKY et al. 

5. 

6. 

7. 

8. 

9. 

10. 

Il. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

Kato, T.; Katagixi, N.; Yamamoto, Y. Heterocycles 1980,14, 1333. 

Schmidt, R. R. Angew. Chem. Int. Ed. Engl. 1969.8.602. 
Schmidt, R. R.; Ma&at, R. Aagcw. Chcm. Int. Ed. En@. 1970.9.311. 
Schmidt. R. R. Chem. Ber. 1970,103, 3242. 

Giordano, C.; Abis. L. Gazz. Chim. Ital. 1974,104, 1181. 

Abis. L.; Giordano, C. J. Chem. Sec. Perkin Trans. 1 1973.77 1. 
Giordano, C.; Ribaldone, G.; Borsotti, Cl. Synthesis 1971,92. 
Emmons, W. D.; Rolewics H. A; Cannon, W. N; Ross, R. M. J. Amer. Chem. Sot. 1952,74,5524. 
Gridnev, I. D.; Shastin, A. V.; Balenkova, E. S. Tetrahedron 1991.47.5577. 

Scala, P. M.; Weinreb, S. M. J. Org. Chem. 1986,51,3248. 
Guzaev, A. P.; Khasirdzhev, A. B.; Borunov, M. M.; Malina, Yu. F.; Stepanyants, A. U.; Unkovskii, 

B. V. Deposited Dot. 1982, SPSTL 1028 (C&m. Abstr.1984.101, 130645). 
Pave1 T. M. Zh. Org. Khim. 1982.18, 178 (Chem. Abstr. 1982,96. 181222). 

Parlman, R. M.; Bums, L. D. U. S. Pat. 1980.4 313 738 (Chem. Abst. 1982, %, 126041). 
Mehta, N. B.; Musso, D. L.; White H. L. Eur. J. Med. Chem. (Chim. Ther.) 1985,20,443. 
Saegusa, T.; Miyamoto, M.; Sane, Y. Eur. Pat. 1987,244 828 (Chem. Abstr. 1988, 208, 151211). 
Waechtler, A.; Scheuble, B. Ger. Pat. 1986,3 601221 (Chem. Abstr. 1987,106,25896). 

(a) Matsumura, S.; Okada, M.; Inada, H. Jpn. Pat. 1988.63 275 635 [88,275,635] (Chem. Abstr. 
1989, III, 40121). (b) Matsumura, S.; Okada, M.; Inada, H. Jpn. Pat. 1989, 01 118 526 

[89,118,526] (Chem. Abstr. 1989,211, 196030). 

(a) Meyers, A. I.; Nabeya, A.; Adickes, H.W.; Politzer, LR.; Malone, G.R.; Kovelesky, A.C.; Nolen, 

R.L.; Portnoy R.C. J. Org. Chem. 1973.38, 36. (b) Meyers, A.I. In Heterocycles in Organic 
Synthesis, Wiley, N. York, 1974. 

Foglia, T. A.; Gregory, L. M.; Barr, P. A.; Maerker. G. J. Am. Oil Chem. Sot. 1973,50,9. 
Ribaldone, 0.; Giordano, C.; Borsotti, G. Ital Pat. 1971,886 285 (Chem. Abstr. 1975.83, 97317). 
Chem. Werke Huels A.-G. French Pat. 1967.1478 076 (Chem. Abstr. 1968.68, 78296). 
Chem. Werke Huels A.-G. French Pat. 1967.1585 475 (Chem. Abstr. 1971,74,42365). 
Takemura, T.; Seiki, H.; Gta, K. Jpn Pat. 1970,70 24 582 (Chem. Abstr. 1971,74,22853). 

Kaaitzky, A. R.; Shcherbakova, I. V.; Tack, R. D.; Mancheno, B. Magn. Reson. Chem. 1993. 
Traas, P. C.; Boelens, H.; Takken. H. J. Rec. Trav. Chim. 1976.9.5.57. 
Katritzky, A. R.; Shcherbakova, I. V.; Tack, R. D.; Steel, P. J. Can. J. Chem. 1992,70,2040.9897 
Sainsbury, M. In Comprehensive HeteroqcIic Chemistry; Boulton A. J.; McKillop, A. Eds., Pergamon 

Press, 1984; Vol. 3, Part 2B. p. 1006. 

Secliger, W.; Aufderhaar, E.; Diepers, W.; Feinauer, R.; Nehring, R. ; Thier. W.; Hellmann, H. 

Angew. Chem. Int. Ed. Engl. 1966.5, 875. 
Seeliger, W., Diepers W. Uebigs Ann. Chem. 697, 171 (1966). 

Hamprecht, G.; Schwarzmann, M.; Schulz, H. Ger. Pat. 1960.1 088 985 (Chem. Abstr. 1961,55, 

25761). 


