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Various 2-aryl derivatives of 4a,5,6,7,8,8a-hexahydrospiro[4H-1,3-benzoxazine-4,1'-cyclohexane] have been efficiently

prepared by the acid-catalysed reaction of 2-(1-cyclohexen-1-yl)cyclohexanol with aromatic carbonitriles.

5,6-Dihydro-4H-1,3-oxazines are a class of six-membered
heterocyclic compounds that have found use in a wide
variety of procedures. Thus, they are useful in the synthesis
of surfactants1 and liquid crystals2 and have been used for
cationic ring-opening polymerizations.3,4 The oxazine ring
system can be regarded as a masked carbonyl moiety5 and
chiral oxazines are valuable synthons for certain asymmetric
syntheses.6 In addition, derivatives of these ring systems
have displayed various useful pharmacological activities.
For example, they have been shown to be hydrocarbon anti-
oxidants7 and choline acetyl transferase inhibitors.8

However, the construction of architecturally sophisticated
compounds with a spiro carbon centre embedded in their
skeleton is particularly demanding and their elaboration
still remains a synthetically challenging task.9,10 We report
here a convenient and e�cient synthesis of the previously
unattainable cis- and trans-2-aryl-hexahydrobenzoxazines
possessing a spiro heterocyclic framework.
Several synthetic routes to partly or fully substituted

5,6-dihydro-4H-1,3-oxazines have been reported, includ-
ing (a) the reaction of 2,4-diols,11 1,3-dioxanes12 and
unsaturated alcohols13 with carbonitriles, (b) the photo-
induced ring closure of aromatic dienamides14 and (c) the
heterocyclization of N-(g-halogenoalkyl)amides with potass-
ium ¯uoride on alumina.15 However, the most e�cient route
relies upon the amidoalkylation of ole®ns.16a Some of these
methods allow the formation of 4,4-disubstituted model
compounds but are mainly con®ned to the synthesis of
monocyclic 5,6-dihydro-4H-1,3-oxazines. Several synthetic
strategies have been developed for the elaboration of
cycloalkyl-fused bicyclic oxazines, namely by intramolecular
[4 � 2] cycloaddition of N-acyliminium compounds with
alkene dienophiles16 but these methods are rather limited in
scope and do not permit the incorporation of a spiro carbon
centre.
Our strategy hinges upon the acid-catalysed reaction of

cis- and trans-2-(1-cyclohexen-1-yl)cyclohexanol (2) with the
aromatic carbonitriles 3a±f and allows the synchronous
formation of the hexahydrobenzoxazine framework13 and
the creation of the spiro carbon centre (Scheme 1). Initially
the bicyclic g,d-unsaturated alcohol 2 was easily obtained as
a mixture of cis and trans isomers (60 :40)17 by reduction
of the parent 2-(1-cyclohexen-1-yl)cyclohexanone 1, a pro-
duct of the aldol dimerization of cyclohexanone.18 After
numerous attempts we found that completion of the annula-
tion reaction was best achieved as a one-pot reaction by
slow and dropwise sequential addition of the suitable carbo-
nitriles 3a±f followed by the alcohol 2 in ice-cooled sulfuric
acid. The results of a representative series of products
obtained by this method are presented in Table 1. The cis

and trans stereochemistry of the fused compounds 4a±f
obtained has been assigned from the chemical shift of the
proton vicinal to the oxygen atom (e.g. cis-4a, d � 4.51
ppm; trans-4a, d � 3.97 ppm). Detailed analysis by NMR
spectroscopy on related systems19 has clearly established
that the 8a-H chemical shifts of the cis isomers are invari-
ably increased by 0.50±0.60 ppm compared with their trans
counterparts. Moreover the spiro structure of 4a±f was con-
®rmed mainly by 75 MHz 13C NMR spectroscopy, which
clearly indicates the presence of three (4a,e,f ) or four (4b±d)
non-protonated carbon centres in the spiro annulated com-
pounds 4. In particular the non-protonated character of the
carbon nucleus a to the nitrogen atom (e.g. d 53.3 ppm for
trans-4a) was unambiguously established by comparison of
(DEPT) spectra with di�erent pulse angles y.
From a mechanistic point of view we can assume that the

formation of the annulated products 4a±f proceeds via
the intermediacy of the protonated imidate 5 obtained after
preliminary protonation of the carbonitrile 3 and nucleo-
philic attack of the unsaturated alcohol 2. Subsequent
addition on the protonated cycloalkenyl moiety ensures
completion of the spiroannulation reaction. It is noteworthy
that the use of a g,d-unsaturated alcohol is a prerequisite to
the spiroannulation process since all attempts to perform
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Scheme 1 Reagents and conditions: i, LiAlH4, THF, reflux 3 h;
ii, H2SO4 (96%), 0 88C, then 3a±f, then 2, 0 88C, 10 h
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the same reaction with the isomeric allylic alcohol 620 were
unrewarding.

Experimental

General Procedure for the Preparation of 2-Aryl-4a,5,6,7,8,8a-
hexahydrospiro[4H-1,3-benzoxazine-4,1'-cyclohexanes] 4a±f.ÐTo ice-
cooled sulfuric acid (96%, 7 mL) was added the appropriate carbo-
nitrile 3a±f (6 mmol) by syringe over a period of 15 min. The
mixture was then stirred under Ar for 5 min and the alcohol 3 (1 g,
5.5 mmol) was then slowly added to the sulfuric acid solution. The
reaction mixture was stirred at 0 88C for an additional 10 h and
the resulting solution was slowly and carefully transferred into a
100 mL beaker containing a vigorously stirred CH2Cl2±ice mixture
(30 mL/30 g). After the addition was complete, concentrated
aqueous KOH (30%), previously cooled in ice, was then carefully
added until the solution was neutralized. The organic layer was
separated and the aqueous phase was extracted twice with CH2Cl2
(2� 20 mL). The combined organic extracts were washed with water
and dried (MgSO4). Removal of the solvent under vacuum a�orded
a residual viscous liquid which was puri®ed by column chromatog-
raphy on silica gel using AcOEt±hexane (5:95) as eluent. The trans
isomers of compounds 4 were invariably eluted ®rst in all cases.

Received, 30th January 1998; Accepted, 3rd April 1998
Paper F/8/02696C

References

1 T. Saegusa, M. Miyamoto and Y. Sano, Eur. Pat. 244 828, 1987
(Chem. Abstr., 1988, 108, 151211).

2 A. Waechler and B. Scheuble, Ger. Pat., 3 601 221, 1986 (Chem.
Abstr., 1987, 106, 25896).

3 P. Le Perchec, R. SalleÂ and B. Sillion, Revue de l'Institut
Franc° ais du PeÂtrole, 1986, 41, 275.

4 S. Koyabayashi and T. Saegusa, in Ring Opening Polymer-
ization, ed. K. J. Ivin and T. Saegusa, Elsevier, New York, 1981,
vol. 2, p. 761.

5 T. W. Greene, Protective Groups in Organic Synthesis, Wiley,
New York, 1991, p. 265.

6 A. I. Meyers and M. Shipman, J. Org. Chem. 1991, 56, 7098.
7 P. R. Parlman and L. D. Burns, US Pat., 4 313 738, 1980
(Chem. Abstr., 1982, 96, 126041).

8 N. B. Mekta, D. L. Musso and H. L. White, Eur. J. Med.
Chem. (Chim. Ther.), 1985, 20, 443.

9 S. F. Martin, Tetrahedron, 1980, 36, 419.
10 (a) A. P. Krapcho, Synthesis, 1976, 425; (b) B. M. Trost and

B. R. Adams, J. Am. Chem. Soc., 1983, 105, 4849.
11 (a) E. J. Tillmanns and J. J. Ritter, J. Org. Chem., 1957, 22,

839; (b) A. A. Gevorkyan, G. G. Tokmadzhyan and L. A.
Saakyan, Arm. Khim. Zh. 1977, 30, 693 (Chem. Abstr., 1978, 88,
170053).

12 (a) A. A. Gevorkyan, G. G. Tokmadzhyan and L. A. Saakyan,
Arm. Khim. Zh., 1977, 30, 748 (Chem. Abstr., 1978, 88, 152510);
(b) A. A. Gevorkyan and G. G. Tokmadzhyan, Arm. Khim. Zh.,
1977, 30, 2696 (Chem. Abstr., 1977, 87, 68260).

13 A. A. Gevorkyan and G. G. Tokmadzhyan, USSR Pat.,
649 713, 1979 (Chem. Abstr., 1979, 90, 204113).

14 C. Bochu, A. Couture, P. Grandclaudon and A. Lablache-
Combier, J. Chem. Soc., Chem. Commun., 1986, 839.

15 M. A. Mitchell and B. C. Benicewicz, Synthesis, 1994, 675.
16 (a) A. R. Katritzky, I. V. Shcherbakova, R. D. Tack and Xue-

Qian Dai, Tetrahedron, 1993, 49, 3907 and refs cited therein;
(b) P. M. Scola and S. M. Weinreb, J. Org. Chem., 1986, 51,
3248.

17 T. W. Bell, J. R. Vargas and G. Crispino, J. Org. Chem., 1989,
54, 1978.

18 C. Bochu, A. Couture and P. Grandclaudon, J. Org. Chem.,
1988, 53, 4852.

19 (a) G. Bernath, F. Fulop, L. Gera, L. Hackler, A. Kalman,
Gy. Argay and P. Sohar, Tetrahedron, 1979, 35, 799; (b) A. R.
Katritzky, I. V. Shcherbakova, R. D. Tack and B. Mancheno,
Magn. Reson. Chem., 1993, 31, 615.

20 J. Saltiel and G. R. Marchand, J. Am. Chem. Soc., 1991, 113,
2702.

Table 1 Selected data for 2-aryl-4a,5,6,7,8,8a-hexahydrospiro[4H-1,3-benzoxazine-4,1'-cyclohexanes] 4a±f

Found (calc.) (%)

Compound Ar
Yielda

(%)
Mp
(T/ 88C) dH

b (ppm) dC (ppm) C H N

4a C6H5 65 trans 117±118 1.10±1.70 (13 H, m), 1.77±
1.85 (4 H, m), 2.17±2.31
(2 H, m), 3.97 (1 H, dt,
J 10.5, 4.5), 7.30±7.37 (3 H,
m), 7.98±8.00 (2 H, m)

C, 53.3, 135.0, 150.4; CH,
47.9, 73.0, 127.1, 127.8,
129.7; CH2, 21.3, 21.5, 24.4,
25.3, 26.3, 27.0, 33.0, 34.6,
36.6

80.4
(80.5)

8.9
(8.9)

5.0
(4.9)

cis 79±80 1.04±1.85 (18 H, m), 2.19
(1 H, dt, J 10.4, 4.5), 4.51
(1 H, s), 7.31±7.41 (3 H, m),
7.93±7.99 (2 H, m)

C, 54.9, 134.6, 152.4; CH,
37.6, 69.3, 127.1, 127.8,
129.3; CH2, 19.9, 21.2, 21.8,
21.9, 25.4, 26.1, 31.1, 35.7,
39.1

4b 4-MeC6H4 63 trans 90±91 80.8
(80.8)

9.0
(9.15)

4.7
(4.7)

cis 80±81
4c 4-ClC6H4 66 trans 104±105 72.1

(71.8)
7.5

(7.6)
4.2

(4.4)
cis 81±82

4d 4-MeOC6H4 62 trans 93±94 76.5
(76.6)

8.7
(8.8)

4.5
(4.6)

cis 79±80
4e 2-Thienyl 50 trans 91±92 1.05±1.90 (13 H, m), 1.70±

1.86 (4 H, m), 2.14±2.28
(2 H, m), 3.96 (1 H, dt,
J 10.5, 4.4), 6.98 (1 H, dd,
J 5.0, 3.6), 7.27 (1 H, dd,
J 5.0, 1.25), 7.45 (1 H, dd,
J 3.6, 1.25)

C, 53.5, 139.7, 147.3; CH,
48.0, 73.3, 126.8, 126.9,
127.7; CH2, 21.2, 21.4, 24.3,
25.3, 26.2, 27.0, 32.9, 34.5,
36.5

70.8
(70.55)

8.0
(8.0)

4.85
(4.8)

cis 102±103 1.01±1.88 (18 H, m), 2.13±
2.17 (1 H, m), 4.50 (1 H, s),
6.99 (1 H, dd, J 5.0, 3.6),
7.29 (1 H, dd, J 5.0, 1.25),
7.50 (1 H, dd, J 3.6, 1.25)

C, 55.1, 138.9, 149.2; CH,
37.6, 69.7, 127.0, 127.1,
127.6; CH2, 19.8, 21.2, 21.7,
21.9, 25.4, 26.0, 31.0, 35.5,
38.9

4f 2-Furyl 42 trans 79±80 75.0
(74.8)

8.5
(8.6)

5.0
(5.1)

cis 91±92

aYields determined for the mixture (trans � cis) before chromatographic separation. bJ Values in Hz.
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