SYNTHESIS OF a-BRANCHED KETONES

15); mass spectrum (70 eV) m/e (rel intensity) 164 (42), 41
(100). An analytical sample was prepared by glpe.

Anal. Caled for CuH;sO0: C, 80.44; H, 9.83. Found:
C,80.01; H,9.77.

Again the shift (8§ 2.63) of the bridgehead hydrogen adjacent
to the ketone in 18 confirmed the structural assignment, but
the deuterium experiment was carried out, giving a product con-
taining 3 mol % CiHiO, 14 mol 9% CuH;sDO, 83 mol 9% Cu-
HMDQO, no C]1H13D30, and no 011H12D40 and eonﬁrming the
structural assignments.

Registry No.—1a, 39837-99-5; 2, 39832-73-0; 3,
39832-74-1; 4, 22118-00-9; 5a, 24097-40-3; 5b, 39832-
76-3; 5c, 39832-77-4; 5d, 39832-78-5; 6, 18631-96-4;
7a, 30832-80-9; 7b, 39832-81-0; 7¢, 39832-82-1; 7d,
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39832-83-2; 8, 22118-01-0; 9a, 39832-85-4; 9b, 30832-
86-5; 9d, 30832-87-6; 10, 39832-88-7; 11, 39832-89-8;
13, 24736-69-4; 15, 39832-91-2; 16, 39832-92-3; 17,
30832-93-4; 18, 39832-94-5; bicyclo[4.3.0]non-1(6)-
en-7-0l, 39832-95-6; bicyclo[4.3.0lnon-1(6)-en-7-yl
vinyl ether, 39832-96-7; methanesulfonyl chloride,
124-63-0.
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The tertiary proton abstraction from 2-isoalkyloxazines (12) by organolithiums leads to rapid ketenimine

rearrangement,
virtue of successive alkylations.

The ketenimines are shown to be useful precursors to a variety of highly substituted ketones by
The ketenimine intermediate was verified by isolation as its trimethylsilyl ether

(7) and also used as a precursor to substituted ketones by addition of Grignard or organolithium reagents.

The readily available tetramethyldihydro-1,3-0xazine
1 (R = H) has been shown to serve as a useful pre-
cursor to aldehydes* and ketones’ by the equations set
forth in Scheme I. In addition, the corresponding
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2-benzyl (R = Ph) and 2-carboethoxy (R = CO,Et)
derivatives led to substituted oxazines by virtue of
alkylation of their respective carbanions. These, in
turn, were transformed into carbonyl compounds by
similar manipulations. Among the limitations noted
for these methods*?® was the failure of oxazines pos-
sessing n-alkyl (1, R = Me, Et, Pr, etc.) or isoalkyl
(2, R, R’ = Me, Et, ete.) substituents to form a stable

(1) Part XX of a study on the chemistry of dihydro-1,3-oxazines. For
previous papers in this series see A. I. Meyers and N. Nazarenko, J. Org.
Chem., 38, 175 (1973).

(2) Address all correspondence to this author at the Department of
Chemistry, Colorado State University, Fort Collins, Colo. 80521,

(3) Postdoctoral Fellow of the Medical Research Council of Canada,
1968-1970.

(4) A.I. Meyers, A. Nabeya, H. W. Adickes, I. R. Politzer, G. R. Malone,
A. C. Kovelesky, R. L. Nolen, and R. C. Portnoy, J. Org. Chem., 38, 36
(1973).

(8) A.I Meyers and E, M, Smith, J. Org. Chem., 8T, 4289 (1972).

carbanion capable of further alkylation. For example,
the 2-ethyloxazine 3 gave mainly the dimer 4 upon
treatment with butyllithium {(or other comparable
bases) and methyl iodide under a variety of conditions,
The expected product 5 was produced in only 10-15%,
yield. Similar treatment of the 2-isopropyloxazine 5
indicated complete inertnessto strong base below ~0°;
yet above this temperature (0-25°) it was rapidly trans-
formed into the ketenimine 6. The latter was trapped
by addition of trimethylchlorosilane and 7 was isolated
in 35-409%, yield. Only a trace of the 2-tert-butyl-
oxazine 8 was found among the product. It is evident,

& f% A,

a. Buli

o Mol
CH20H3

£ )\(Me S f e f .

8
6, X=1Li

7, X = Me;Si

therefore, that secondary and tertiary carbanions « to
the oxazine ring are unstable to the temperatures at
which they are formed, rearranging to open-chain
ketenimines which react further with nuecleophiles
present. This oxazine-ketenimine rearrangement thus
prohibits the synthesis of a-alkylaldehydes via Scheme
I but was deemed sufficiently novel that a study to
assess its potential was undertaken.®

(6) The synthesis of «-alkylaldehydes was accomplished, nevertheless,

using the 2-vinyloxazine and successive addition of Grignard reagent and
alkyl iodides (see ref 4).
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Results and Discussion

The reaction of 5 with 1.0 equiv of n-butyllithium
(0°, THF) gave the tetrahydro-1,3-oxazine 10, which,
upon hydrolysis in agueous oxalic acid, afforded the
ketone 11 in ~309; yield. This result may be ex-

Me,5iCl
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slow
Me Me
fast\‘ n-BuLi
Me
OQ‘Me ut r)é\ >C,\0Li e
“Me N—C=
11 Li | Me
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‘/MSiCI
rosm% o
N Me
Me
B
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plained by the slow rate of tertiary proton removal fol-
lowed by rapid rearrangement of the unstable «
carbanion and addition of unreacted n-butyllithium
leading to 9. Introduction of trimethylchlorosilane
subsequent to the addition of n-butyllithium leads to
7 and 9a after quenching. The tetrahydro-1,3-oxazine
10 was not obtained pure and was probably con-
taminated with 9a (MesSi singlet in nmr of erude 10).
Nevertheless, both 10 and 92 would lead to the ketone
11 on hydrolytic cleavage. It was a simple matter to
render this process more efficient by adding 2.0 equiv
of n-butyllithium to the isopropyloxazine, 5. In this
fashion there was sufficient base to abstract com-
pletely the tertiary proton and also allow addition to
the resulting ketenimine. The yield of ketone 11
rose to 759, after this modification. A series of ketones
13 were prepared via this route (Scheme II) using
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various isoalkyloxazines 12 and organolithium re-
agents (Table I, entries 1-12). A significant extension
to this process was developed by taking advantage of
the ¢n sty formation of the lithioenamine inter-
mediate 14. If, prior to quenching, the solution con-
taining 14 is treated with an alkyl halide, 15 is pro-
duced by a nucleophilic attack of the lithioenamine
upon the alkyl halide. This provides the quaternary
carbon adduct, which, after quenching and oxalie acid
hydrolysis, leads to the a-quaternary carbon ketones
16. Thus, a stepwise technique based upon four alkyl
groups being introduced in sequence is available for the
formation of highly substituted ketones (Table I,
entries 18-17).” The relationship of the alkylation
step (14 — 15) to that reported by Stork® is obvious.
Transformation of aldehydes and ketones to their imine
derivative, followed by salt formation with a Grignard
reagent, leads to the magnesioenamine 17, which
similarly alkylates at the 8 carbon, affording, after
hydrolysis, the a-alkylated ketone 18. It is note~
worthy that only the magnesicenamine 17 is formed
and not the more highly substituted isomer, 19. This

R 0 B RN

R b EtMgBr o Q R R

¥ 17 R
¥

leo"

._.l_ R 0

R//I
® R” 18
19

confirms the absence of an equilibrium between the
two metalated enamines 17 and 19 and this was also
observed in the enamine salts derived from ketenimines.
Furthermore, both methods complement each other
nicely in that Stork’s procedure leads to ketones con-
taining the alkyl group on the least substituted carbon,
whereas this method produces ketones alkylated at the
more highly substituted carbon.

In the case where the oxazine bears a benzyl proton
(e.g., 20) it may be removed at —78° with n-butyl-
lithium, since the conjugated effect of the phenyl group
assists in stabilizing the carbanion, 21. At —78° this
carbanion may be alkylated smoothly* but, if 21 is
allowed to warm up, rearrangement to the ketenim-
inine 22 ensues. At this point, other nucleophilic
reagents may be introduced (z.e., RMgX), furnishing
the magnesioenamine 23 which is ultimately carried on to
either the ketone 24 or 25. This route possesses two
distinet advantages: (a) it reduces the necessity for
using 2.0 equiv of an organolithium reagent whose
avallablhty or carbon skeleton may be either time-
consuming or expensive, and (b) allows the preparahon
of methyl ketones which could not be obtained using
2.0 equiv of methyllithium, since the latter fails to

(7) A Preliminary report has appeared: A. I. Meyers, E. M. Smith,
and A. F. Jurjevich, J. Amer. Chem. Soc., 98, 2314 (1971).
(8) G. Stork and 8. Dowd, J. Amer. Chem, Soc., 85, 2178 (1963).
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En-
try

10

11

12

13

14

15

16

17

¢ Oxazines were distilled prior to reaction with organolithium reagents.

Registry
no. of 12

39575-96-7

39575-97-8

36867-26-2

30078-61-6

39576-00-6

39575-86-5

36871-42-8
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TasLe I

KeToNEs 16 AND 13 vig ScHEME 11

Alkyl
Registry  iodide
no. Re Ketone
Ketones 13°
o]
109-72.8 \/\/‘kr
4]
594-19-4 )/‘kr
0
591-51-5
A
(o]
\/\)H/Ph
0
811-49-4 \erh
\/\)?\(\/\/
Ph
\/\)(LD
\/\JO\(\€
0]
598-30-1 a"\WIJL\r"‘~<:
))OH/\/\/
[0}
Ph/“\‘/\/\/
0
917-57-7 \)H/\/\/
Ketones 16
75-03-6 Et

74-88-4 Me

Me

pounds gave satisfactory elemental (=£0.03%) and mass analyses.

carbazone, mp 118-120°.

¢ Semicarbazone, mp 138-140°,

=

/ Semicarbazone, mp 120-121°,

Registry
no.

13019-20-0

5857-36-3

611-70-1

7661-44~1

6957-17-1

25387-03-5

6636-80-2

26933-75-5

39576-08-4

32557-59-8

39576-10-8

32524-99-5

829-10-7

19078-97-8

32524-97-3

32557-57-6

89576-15-3

® Yields based upon 2-isoalkyloxazines (12).
Nmr spectra were consistent with structures in all cases,

Yield, Registry ¥, cm~1
%° no. (Alm)
73 1705
49 1700
80 1694
708 30876-16-4 1709
92°  39576-17-5 1712
(4 1710
88/  30576-18-6 1701
81 1709
57 1702
63 1703
47 1685
45 1699

1679
1613
51 1681
60¢  39576-19-7 1715
63 1700
65 1700
73 1710
¢ All com-
4 Semi-

¢ Semicarbazone, mp 143-145°.
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TasLe IT
a-SusstITuTED KrTONES (27) FROM KETENIMINE O-TRIMETEYLSILYL ETHER (7)
En- Registry Registry Registry Yield, v, cm ™4
try no. RMgBr B no. Ketone 27¢ no. % (film)
0
1 100-58-3 Ph n-Bul 542-69-8 Ph)‘\(\/\ 17234-63-8 74 1680
[o]
2 Ph n-BuBr 109-65-0 81
Ph
0
3 025-90-6 Bt Etl \)%\ 19550-14-2 87 1712
[0]
4 Eb EtBr 74-96-4 \)k«\ 78
[o]
5 603-03-8 n-Bu n-Bul \/\/u\e\/\ 39576-22-2 79 1704
0]
6 1730-25-2 Allyl Allyl Br 106-95-6 /\J\«\/ 30576-23-3 70 1683, 1628
[}
7 Ph Etl 74¢ 1681
Ph
0
8 Ph Allyl Br 30576-24-4 60 1678
Ph
0 N
9 Ph Br 7726-95-6 B 10409-54-8 40 1670
T
Ph
0
10 Ph Ethylene oxide 76-21-8 OH 39576-26-6 30° 3480
Ph
0
11 n-Bu? Ethylene oxide 89576-27-7 65° 1688, 3500

@ All compounds gave satisfactory elemental £0.03%) and mass analyses.
b Obtained as a mixture (9:1) of conjugated and nonconjugated isomer.
poor yields (~15%) were obtained using n-butylmagnesium bromide,

r/OH/R n-BuLi >ELO;L-Li -25° rOLi R

NP ~78° Nf% ==<
R

Ph Ph Fh

N==C
20, R= Mo, Et 21 22
R R'MgX
Ph (R = M., Et)
0
R H,0*
24, R=R'=Me ~ OLi
24a, R=Ef;R’ = Me R
N—C
MgX| “Ph
Rl
23
Ph b. H,0*
e
RI

25 R = n-amyl; R' = Et; R” = Me
abstract the tertiary proton from the oxazines.! Un-
fortunately, this route was limited to oxazines whose

(9) Methyllithium failed to function as a base at Jow temperature in all
the oxalines studied to date.t (However, see ref 13.)

\/\/u\e\/OH
Nmr spectra were consistent with structures in all cases.

¢ Exists in hemiketal form. ¢ Butyllithium was used since
¢ Identical with 13 (entry 13) in Table L.

« protons can be removed at low temperatures, thus
avoiding interference by the ketenimine.

The use of lithium diisopropylamide as a base pro-
vided a partial solution to the problem of employing
2.0 equiv of an organolithium reagent. Treatment of
2-isopropyloxazine 5 with lithium diisopropylamide at
0° in THF, followed by addition of trimethylchloro-
silane, gave the ketenimine silyl ether 7 in 80% yleld.
This was in sharp contrast to the results mentlor}ed
earlier using butyllithium. The efficient prepallﬂatlon
of 7, in sufficient quantity to classify it as a suitable
starting material, allowed its chemistry to be further
evaluated. The ketenimine was found to be com-
pletely stable to water and alkali for several hours (25°),
but very unstable to aqueous acid.*®

A variety of Grignard reagents were added to 7
followed by introduction of an electrophile (E) lgadlr}g
to the imine 26. Hydrolysis of the latter in oxalic acid
afforded the ketones 27 in variable yields (Table II).
It is seen from Table II that bromine and ethylc:»ne
oxide also served as electrophilic agents producing
a-bromo and y-hydroxy ketones, respectively. Amgng
the electrophiles which did not add were thorme,
iodine, acyl halides, esters, and epoxides carrying sub-

(10) C. L. Stevens and J. C. French, J. Amer. Chem. Soc., T8, 657 (1953).
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stituents (ethyl, phenyl). sec-Butyl and 3-cyelo-

hexenyl bromide also failed to react with the inter-
mediate magnesioenamine. Of further note was the
sluggish nature of the Grignard addition to 7. After
these reactants had been stirred at room temperature for
18 hr there was still a considerable quantity of un-
reacted 7. This is in contrast to the more facile addi-
tion (25°, 8 hr) of Grignard reagents to the O-lithio-
ketenimines 6 and 22. Similarly, the addition of alkyl
halides to the magnesioenamine derived from 7 pro-
ceeded slowly at room temperature. The yields of
ketones in Table II were achieved only after heating
the ketenimine and Grignard reagents to reflux (~18 hr)
and similarly heating the reaction after introduction of
the electrophile (except bromine).

It is difficult to explain the slow reaction rate of 7 as
compared to that of the O-lithio salt 6 except on steric
grounds. Yet the bulky trimethylsilyl group must be
hindering attack by both the Grignard and electro-
philic agent. Why this should oecur in an open-chain
compound is not clear. In order to test this hypothesis,
the ketenimine O-methyl ether 28 was prepared by
addition of dimethyl sulfate to the O-lithioketenimine
6. This compound could not be obtained pure since it
was accompanied by 109 of the 2-isopropyloxazine, and
separation attempts were all fruitless. Nevertheless,
28 was used in ~909, purity in reaction with Grignard
reagents and subsequently with ethyl iodide. There
was no concern over the presence of 109, oxazine in the
ketenimine, since it is now well known that oxazines
are completely inert to Grignard reagents.* Addition
of phenyl Grignard to 28 followed by ethyl iodide pro-
ceeded smoothly at room temperature to give, after
work-up, the phenyl ketone 30 in 909 yield (based upon

6 28 R=Me
29,R=0==CPh

the ketenimine present). Thus, the smaller methoxyl
group in 28 results in greater accessibility to the mag-
nesioenamine by ethyl iodide. During attempts to
purify 28, vpe examination above 175° showed several
additional highly volatile peaks, one of which was
collected and found to be isobutyronitrile. The origin
of this material was subsequently determined by sub-
jecting the higher boiling ketenimine benzoate 29 to

J. Org. Chem., Vol. 38, No. 12, 1973 2133

pyrolysis (160-200°). In addition to isobutyronitrile,
the unsaturated ester 31 was isolated in 809, yield.

OCOPh OCOP Me
= ﬁ\\ " e
CH; / H,— CH, Me
} Me H,
29

While this study was in progress, Ciganek reported the
pyrolytic conversion of ketenimines to olefins and
nitriles.!?

In view of the synthetic utility exhibited by the
related 2-oxazoline system 32 as a source of carboxylic
acids and esters,!? it was of interest to examine its be-
havior in the carbanion-ketenimine rearrangement.
As expected, the carbanion of 33 was formed using
n-butyllithium and in the presence of an excess of the
latter base provided n-butyl isopropyl ketone 11 in
849, yield. - Furthermore, addition of lithium. di-
isopropylamide to 33 followed by trimethylsilyl chloride
produced the trimethylsilyl ketenimine 34 in 65% yield.

0 Q OSiMe;,
[N' >g1)\|/Me >CN= C=<1:;e

32

Several experiments were performed on 34 in order to
assess its utility toward the synthesis of ketones.
Addition of phenylmagnesium bromide followed by
n-butyl iodide gave after extended heatmg the corre~
sponding ketone 26 (Table II, entry 1) in only 409
yield. On the basis of this experlment it would appear
that the trimethylsilyl group is exerting an even greater
retarding effect than was observed in the ketenimine
derived from the oxazine, In view of these results, no
further effort was expended on the 2-oxazoline. A
report by Dubois!® has demonstrated that excellent
yields of a-branched ketones were obtained by the use
of 2.0 equiv of organolithium reagents on 33 according
to the method given in Scheme II. The main advan-
tage to the use of the oxazoline as a precursor to
ketones was stated by Dubois to lie in their ease of
preparation. Thus, by heating 2-methyl-2-amino-
propanol with carboxylic acids according to Scheme I11,

SCHE‘VIE 111

OH

R

A<_ +HOZC_< To-zm0r >()\( '
NH,

various 2-isoalkyl-2-oxazolines were obtained in 30-
689, yield. Although this may be an efficient route to
simple oxazolines (R: = Rs = Me), the yields drop off
rapidly as the substituents on the carboxylic acid increase
in bulk. On the other hand, the use of oxazines as pre-
cursors to ketones allows a variety of alkyl substituents
to be employed by the efficient elaborative techniques
outlined in Scheme IV. The oxazines 12 in Table I

(11) E. Ciganek, Tetrahedron Lett,, 5179 (1969,

(12) A.I Meyers and D. L. Temple, J. Amer. Chem. Soc., 92, 6644, 6646

(1970).
(13) J. E. Dubois and C. Lion, C. R. Acad. Sci., 274, 203 (1972).
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were all prepared from these three methods, and
except for the last one, involving the glycol-nitrile con-
densation, are much more versatile than that in
Scheme III. It should also be mentioned that the 2-
vinyl- and 2-benzyloxazines are easy to prepare in
quantity! or may be obtained from commercial
sources. 14

In summary, the oxazine kefone synthesis relies on a
sueccessive introduction of alkyl groups into the vari-
ously substituted oxazines whose carbonyl synthetic
equivalents are depicted in quotes in Scheme V. These
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synthons are derived from the readily available oxa-
zines shown in Scheme IV. Although several elegant
and useful approaches to highly branched ketones have
been recently reported,s=13 they all involve substrates
with preconstructed substituents or the use of bulky
organometallic reagents. The oxazine ketone syrithesis

(14) Columbia Organic Chemieals, Columbia, 8. C.

(15) () J. E, Dubois, C. Lion, and C. Moulineau, Tetrahedron Lett,, 177
(1971); (b) J. E. Dubois, M. Busso, and C. Lion, ibid., 829 (1971).

(16) G. H. Posner and C. E. Whitten, Tetrahedron Lett., 4647 (1970).

(17) R. M. Coates and R. L. Sowerby, J. Amer. Chem. Soc., 98, 1029
(1971).

(18) H. C. Brown and G. W. Kabalka, ibid., 92, 714 (1970), and refer.
ences cited therein.
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should provide a useful alternative to a number of these
approaches.

Experimental Section!®

2-Substituted 4,4-Dimethyl-5,6-dihydro-1,3-0xazines 12 (Table
I). A. 12 (R = R; = Me, 8) was prepared according to pre-
viously described procedures* from 76.0 g (1.1 mol) of isobutyro-
nitrile, 118 g (1.0 mol) of 2-methyl-2,4-pentanediol, and 100 ml of
concentrated sulfuric acid. The isopropyl oxazine was obtained
in 629 yield (105 g): bp 64-65° (2 mm); ir (flm) 1666 cm™!;
nmr (CCL) ¢ 4.0 (m, 1), 2.1 (m, 1), 1.5 (dof t,2), 1.2 (d, 3), 1.1
(s,6), 1.0 (d, 6).

Anal.  Caled for CoH,NO: C, 70.96; H, 11.31; N, 8.27.
Found: C,71.08; H,11.31; N, 8.33.

B. 12 (R, = Ph, R, = Me, 20) was prepared according to
previously described procedures¢ from the 2-benzyloxazine (10.85
g), methyl iodide (7.81 g), and n-butyllithium: yield 11.6 g
(999%); bp 85-90° (0.2 mm); ir (film) 1661 em™; nmr (CCL) &
1‘20)—7.4 (m, 5), 4.0 (m, 1), 3.4 (g, 1), 1.5 (d of 1, 2), 1.0-1.4 (m,

Anal. Caled for CHuNO: C, 77.88; H, 9.15;
Found: C,78.00; H,9.13; N, 5.99.

C. 12 (R, = Ph, R, = Et, 20) has been previously described.*

D. 12 (R, = Ph, R; = n-amyl, 20) was prepared by alkylation
of 2-benzyloxazine (10.85 g) with n-amyl iodide (10.25 g) with n-
butyllithium:4 yield 13.0 g (91%); bp 120° (0.05 mm); ir
(film) 1663 em™; nmr (CCl,) & 7.1-7.4 (m, 5), 4.0 (m, 1) 3.2
(dofd, 1), 1.5 (dof t, 2),0.8-1.4 (m, 20).

Anal. Caled for CyHxNO: C, 79.39; H, 10.17; N, 4.87.
Found: C,79.31; H, 10.21; N, 4.69,

E. 12 (R, = Ph, R, = n-butyl) was prepared by alkylation of
2-benzyloxazine (10.85 g) with n-butyl bromide (7.54 g) accord-
ing to previous procedures:* yield 13.4 g (98%); bp 108-110°
(0.2 mm); ir (film) 1665 cm~; nmr (CCly) § 7.0-7.4 (m, 3),
4.0 (m, 1),3.2 (t,1),0.8-2.1 (m, 21).

Anal. Caled for CiHyNO: . C, 79.07; H, 2.95; N, 3.12.
Found: C,79.17; H, 10.08; N, 5.00.

F. 12 (R, = Me, R, = neopentyl) has been described else-
where. 2

G. 12 (R; = Me, R: = n.amyl) has been previously de-
scribed.*

H. 12 [R; = Ry = ~(CH;)~] was prepared from cyclopentyl
cyanide and 2-methyl-2,4-pentanediol according to the previously
described* method: yield 62%; bp 54-56° (0.3 mm); ir (film)
1667 cm™; nmr (CClL:) 6 4.0 (m, 1), 2.5 (m, 1), 1.5-2.0 (m, 10),
1.3(d,J = 7Hz, 3), 1.1, 6).

Anal. Caled for CuHxNO: C, 73.80; H, 10.84; N, 7.17.
Found: C,73.67; H, 10.95; N, 7.07.

Dimethylketen-N-(4-trimethylsiloxy-2-methyl)-2-pentylimine
(7).—A solution of lithium diisopropylamide in THF (0.22 mol
in 150 ml) prepared from equivalent amounts of n-butyllithium
and diisopropylamine mixed at 0°, was treated under nitrogen
with 33.7 g (0.2 mol) of 5 (12, R = Ro = Me) at 0°. After the
dropwise addition was complete, the yellow solution was allowed
to warm to room temperature and stirring was continued for 3
hr. Upon recooling to 0°, 22 g (0.2 mol) of trimethylchloro-
silane was slowly added and the resulting cloudy solution was
stirred for an additional 2 hr at room temperature. The pre-
cipitated lithium echloride was removed by filtration and the
filtrate was concentrated, leaving a yellow oily residue. Dis-
tillation gave 37 g (80%) of a colorless liquid: bp 65-68° (0.3
mm); ir (Alm) 2020, 843 cm™%; nmr (CCLy) § 3.9 (m, 1), 1.5 (s, 6),
1.4 (m, 2),0.9-1.1 (m, 9),0.5 (s, 9).

Anal. Caled for CsHNOSI:  C, 64.67; H, 11.27; N, 5.80.
Found: C,64.98,H,11.17; N, 6.03.

2.Isopropyl-4,4-dimethyl-2-oxazoline (33).%—A mixture of
88.1 g (1.0 mol) of isobutyric acid and 89.1 g (1.0 mol) of 2-
amino-2-methylpropanol was heated (~220°) in the presence of

N, 6.05.

(19) Microanalyses were performed by Midwest Microlab, Indianapolis,
Ind. The nmr, infrared, and mass spectra were taken on a Varian T-60,
Perkin-Elmer 257, and AEI MS-8 instrument, respectively. The organo-
lithium reagents were kindly supplied by the Lithium Corporation, Bessemer
City, N. C. The 2-vinyl-, 2-benzyl-, and 2-isopropyloxazines in Scheme IV
were purchased from Columbis Organic Chemicals, Columbia, 8. C., or
prepared as previously described.*

(20) A.I.Meyers, A. C. Kovelesky, and A, F. Jurjevich, J. Org. Chem., 38,
2136 (1973).

(21) Adapted from the procedure reported by P. Allen and J. Ginos,
J. Org. Chem., 38, 2759 (1963).
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a 6-in. Vigreux column until 2.0 mol (~36 ml) of water was vis-
ible in the distillate [hexane (~300 ml) was present in the re-
ceiving flask to facilitate monitoring of the distilled water].
The temperature of the distillate then rose to 130-140° and the
distillate was also collected in the hexane, When distillation
ceased, the aqueous layer was separated and extracted repeatedly
with fresh hexane, and the latter extracts were combined with the
main hexane solution. Drying (K,CO;), concentration, and
distillation of the hexane residue gave 96 g (68%) of 33: bp
185-136°; ir (film) 1665 em™; nmr (CCl) 5 3.8 (s, 2), 2.4 (m, 1),
1.0-1.2 (s, 6; d, 6).

Anal. Caled for C:His:NO: C, 68.04; H, 10.71; N, 9.92.

Found: C,68.34; H, 10.94; N, 10.00.

Dimethylketen-N-(3-trimethylsiloxy-2-methyl)-2-propylimine
(34).—The preparation was the same as that described for 7 using
0.12 mol of lithium diisopropylamide, 14.1 g (0.1 mol) of 2-
isopropyl-2-oxazoline (33), and 7.68 g (0.12 mol) of trimethyl-
chlorosilane in 70 ml of THF: yield 13.2 g (62%); bp 65-67°
(17 mm); ir (film) 2021 em~*; nmr (CCl) 5§ 8.3 (s, 2), 1.6 (s, 6),
1.05 (s, 6), 0.5 (s, 9).

Anal. Caled for CyH,NOSI: C, 61.97; H, 10.86; N, 6.57.
Found: C,61.69; H, 10.58; N, 6.73.

Ketones 13. Generdl Procedure.—The following procedure
is typical for all ketones 13 in Table I listed in entries 1-12.

A 1 M THF solution of the 2-isoalkyloxazines 12, previously
cooled to —78° under nitrogen with stirring, was treated in a
dropwise manner with 2.1 equiv of the organolithium reagent.
After addition was complete, the solution was allowed to warm to
room temperature and stirred for 3 hr (overnight stirring was alsc
performed with no detrimental effects). The resulting solution
was quenched in 3-4 volumes of water and the aqueous mixture
was extracted repeatedly (3—4 times) with ether, dried (K:COy),
and concentrated. The erude tetrahydrooxazine (0.02 mol) was
dissolved in aqueous oxalic acid (5 g of oxalic acid in 40 ml of
water) and heated to reflux for 1.5 hr, after which the aqueous
solution was extracted with ether, The latter extracts were
washed with 109 sodium carbonate solution, dried (K,COs), and
concentrated, affording the crude ketones 13. Purification was
accomplished by distillation and verified by vapor phase chro-
matography, infrared, nmr, and mass spectra. Known ke-
tones were identified through solid derivatives. (See footnote ¢,
Table I).

Ketones 16. General Procedure.—The following procedure is
typical for ketones 16 in Table I, entries 13-17.

Prior to the aqueous quenching step in the procedure for 13
above, the solution containing the lithicenamine adduct was
cooled to 0-5°. Addition of 1.1 equiv of an alkyl jodide was
performed slowly in a dropwise fashion owing to the exothermic
nature of the reaction. Stirring was continued after complete
addition for 4-12 hr and then the reaction mixture was quenched
in water, isolated, and identified as above.

Ketones 24 and 25 Prepared by Successive Addition of »-
Butyllithium and a Grignard Reagent.—The preparation leading
to 24a is typical of this technique. A 1 M solution of 20 (R =
Et) in THF was treated with 1.0 equiv of n-butyllithium at
—78° and the resulting solution was allowed to warm to room
temperature under nitrogen and with continuous stirring. The
addition of 1.1 equiv of ethereal methylmagnesium bromide fol-
lowed at room temperature and the mixture was stirred for 12-15
hr. Quenching in water, extraction with ether, drying (K,COs),
and concentration left an oil (tetrahydro-1,3-oxazine). The
infrared spectrum exhibited medium-intensity bands for NH
and OH (3200-3300 e ) and C==N (1660 cm™). The C==N
and OH absorptions are due to the open-chain tautomer of the
tetrahydro-1,3-oxazine. Hydrolysis in 2 M oxalic acid solution
(reflux 1.5 hr) gave, after ethereal extraction, the ketone 24a
[60% based upon 20 (R = Et)]: ir (film) 1710 em™; nmr
(CCL)8 7.2 (brs, 5),8.4 (t,J = 7Hz, 1),1.9 (s, 3), 1.8 (m, 2),
0.8 (5, 3); m/e 162; semicarbazone mp 198-199° (lit.?2 mp 189~
190°).

The preparation of 24 was accomplished in the same manner
using 20 (R = Me), tert-butyllithium, and methylmagnesium bro-
mide. Theyield based upon 20 was 59.3%: ir (film) 1709 cm™!;
nmr (CCly) § 7.3 (br s, 5), 3.7 (q, 1), 1.9 (5, 3), 1.4 (4, 3); m/e
148; semicarbazone mp 173~175° (1it.?8 mp 172-173°).

(22) “Dictionary of Organic Compounds,’” Oxford University Press,
New York, N. Y., 1965, p 2709.
(23) A, Witzel, A. Botta, and X. Dimroth, Chem. Ber., 98, 1465 (1965),
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The preparation of 25 wags accomplished in & similar manner
using a 1 M solution of 20 (R = n-amyl) and 1.0 equiv of tert-
butyllithium, followed by 1.0 equiv of ethylmagnesium bromide.
After stirring for 12-15 hr, the solution was cooled to 0° and 1.0
equiv of methyl iodide was added dropwise. The solution, con-
taining a pale yellow suspension was stirred for 15 hr at room
temperature and quenched in water. Extraction and drying in
the usual manner gave 76% of 25 which was identical in all re-
spects with 16 (entry 17 in Table I),

Ketones 27 from the Ketenimine O-Trimethylsilyl Ether 7. A,
2-Benzoyl-2-methylhexane (27, Eatry 1),—The preparation of
this ketone may be considered typical for entries 1-8 in Table 1I.

A solution containing 0.03 mol of phenylmagnesium bromide
in 40 ml of THF was treated with 4.83 g (0.02 mol) of the keten-
imine 7 and heated to reflux overnight. The reaction mixture
was cooled to 0° and n-butyl iodide (4.05 g, 0.02 mol) was added
dropwise at this temperature (exothermic reaction). After
complete addition, the solution was heated to reflux overnight and
then concentrated in vacuo. The residue was dissolved in aque-
ous oxalic acid (80 ml of 109, solution) and heated to reflux for 2
hr. Ether extraction of the agueous sclution, washing of the
extracts with saturated sodium bicarbonate, drying (Na,SOy),
and evaporation left 4.01 g (95%) of crude ketone. Distilla-
tion afforded 3.01 g (74%): bp 64-65° (0.2 mm); ir (film) 1680
em™*; nmr (CCl) 8 7.6-7.8 (m, 2), 7.2-7.5 (m, 3), 0.6-1.8 (m,
15).

Anal., Caled for CiiHy0: C, 82.30; H, 9.87. Found: C,
82.03; H, 9.75.

B. 2-Benzoyl-Z-bromopropane (27, Entry 9).—A solution con-
taining 0.03 mol of phenylmagnesium bromide in 40 ml of THF
was treated with 4.83 g (0.02 mol) of 7 and heated to reflux for
16 hr. Upon cooling to 0°, bromine (4.8 g) was added dropwise
and the solution was allowed to stir at room temperature for
15 hr, after which it had solidified. The mass was heated at
reflux for 1 hr and then the solvent was removed under rotary
evaporation. Hydrolysis of the residue with 80 ml of 10% oxalie
followed by ethereal extraction, bicarbonate washing, drying,
and concentration gave the bromo ketone:® 1.8 g (39.7%);
bp 81-83° (0.65 mm); ir (film) 1670 em™!; nmr (CCly) § 8.0~
8.3 (m, 2), 7.4-7.6 (m, 3), 2.0 (s, 6).

Anal. Caled for C,H;,OBr: C, 52.86;
C, 52.47; H, 4.69.

C. 1-Hydroxy-3,3-dimethyl-4¢-octanone (27, Entry 11).—Ad-
dition of n-butyllithium(0.03 mol) to 7 (4.83 g, 0.02 mol) in 40
ml of THF at room temperature gave g clear solution which was
stirred at this temperature for 15 hr. Ethylene oxide (2.64 g,
0.06 mol) was added at 0° and heated to reflux for 3 hr in the
presence of a Dry Ice-acetone condenser. Most of the solvent
was removed by rotary evaporation and 80 ml of 109, oxalic acid
was carefully added. After this exothermic reaction had sub-
sided, the mixture was heated to reflux for 30 min and isolation
of the organic material was accomplished in the manner given
above. The residual crude product was distilled to yield 1.8 g
(60%) of the hydroxy ketone, bp 113-116° (0.5 mm); ir (neat)
showed weak carbonyl (1710 em™) and enol ether (1688 cm™1)
bands as well as a weak OH (3400-3500 em™). The nmr spec-
trum was also indicative of a mixture of ketone, hemiacetal, and
enol ether (dehydrated hemiacetal). The mass spectrum (8,
70 eV) gave a parent lon only at m/e 154 (dehydrated hemi-
acetal). The moisture sensitivity of this compound was indi-
cated by its elemental analysis which corresponded to the hydroxy
ketone and /or the hemiacetal.

Anal. Caled for CipHy0O,:
C,69.78; H, 11.63.

Ketone 27 (entry 10) was prepared in the same manner as the
ketone above using phenylmagnesium bromide, 7, and ethylene
oxide: yield 309;; mp 119-120°; m/e 192; ir (KBr) 3480 cm™%;
nmr (CDCl;) § 7.2-7.8 (m, 5), 4.0-4.3 (d of 4, 2), 2.6 (s, 1,
exchanged with D,;0), 1.4-2.5 (m, 2), 1.2 (s, 3), 0.6 (s, 3). This
compound existed solely as the hemiacetal.

Anal. Caled for CieHy0,: C, 74.97; H, 8.39.
74.70; H, 8.35.

Dimethylketen-N-(4 methoxy-2-methyl )-2-pentylimine (28).—
2-Isopropyl-4,4-dimethyl-5,6-dihydro-1,3-0xazine (5, 16.9 g,
0.1 mol) was added to a solution of lithium diisopropylamide
(0.11 mol) in THF at 0°. The reaction mixture was stirred for

H, 4.84. Found:

C, 69.72; H, 11.70. Found:

Found: C,

(24) Trimethylphenylsilane was observed as a minor product (15-25%)
in this and all other reactions of T with phenylmagnesium bromide. Hence
the excess of Grignard reagent utilized in these experiments.
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3 hr at room temperature, 19.0 g (0.15 mol) of dimethyl sulfate
was added, and stirring was continued for an additional 3 hr.
After addition of dilute potassium hydroxide solution (1 M) at
0-5°, the solution was stirred for 45 min to decompose excess di-
methyl sulfate. The agueous solution was extracted with ether,
and the extracts were dried (K,;CO;) and concentrated. The
residue was distilled, producing several fractions: (a) 23-35°
(0.4 mm), (b) 35-40° (0.4 mm), and (¢) 40-44° (0.4 mm). Frac.
tion ¢ contained the ketenimine ether 28 along with ~109, of
starting oxazine 3. Repeated attempts at column chromatog-
raphy failed to completely remove 5. Total ketenimine re-
covery was 6.6 g (35%), which included 109, oxazine: ir (neat)
2021, 1667 cm™t; nmr (CDCl;) § 4.0 (m, 0.1 oxazine), 3.4 (m,
0.9),3.2 (s, 2.7), 1.7 (s, ~6), 0.9-1.4 (m, 11).

Reaction of 28 with Phenylmagnesium Bromide and Ethyl
Iodide to Give 30.—Crude 28 (~00%, purity) from above was
treated in the usual manner with phenylmagnesium bromide
(1.5 equiv) at room temperature in THF for 12 hr. This was
followed by addition of 1.1 equiv of ethyl iodide to the cooled
solution (0°) and the solution was again stirred for 12 hr. The
usual isolation procedure led to the ketone 30 in 909, yield,
which was identical in every respect with 27 (entry 7, Table IT)
ohtained from 7.

Dimethylketen-N=(4-benzoyloxy~2-methyl)~2pentylimine (29)
and Its Pyrolysis to 31.—The benzoyloxyketenimine 29 was pre~
pared in a manner analogous to 28 by the addition of benzoyl
chloride to the lithioketenimine 6 prepared above. The main
difference in preparation lies in the fact that the solution was
heated tc reflux for 1 hr after addition of the benzoyl chloride.
The mixture was decomposed in cold 1 N potassium hydroxide
and rapidly extracted with ether, dried (K;COs;), and concen-
trated. Bulb-to-bulb distillation at 0.2 mm gave a colorless oil

Mryers, KOVBELESKY, AND JURJEVICH

(~80%) which was <90%, pure: ir (neat) 2020, 1718 cm™;
nmr (CDCL) & 8.02 (m, 2), 745 (m, 3), 5.0 (m, 1), 1.6 (g, 6),
1.5 (m, 2), 1.2 (d, 3), 1.0 (s, 6). This product contained ~10%,
of the starting oxazine 5. Pyrolysis of 20 was accomplished by
heating (160-200°) at 0.5 mm until a distillate appeared (110-
130°). Vpe examination of the distillate gave three peaks which
were collected. The minor peaks were characterized as iso-
butyronitrile and the 2-isopropyloxazine 5 originally present.
The major peak collected was consisted with the unsaturated ester
31: ir (neat) 1715 em™!; nmr (CClL) 6 8.0 (m, 2), 7.3 (m, 3),
5.3 (sextet, 1), 4.8 (brs, 2),2.3 (d of t,2),1.8 (5,3), 1.3 (d, 8);
m/e204.

Anal. Caled for CiyH04:
76.37; H,7.79.

Registry No.—7, 36867-23-9; 12 (R; = Ph; R, =
n-Bu), 39576-28-8; 24, 769-59-5; 24a, 1528-39-8; 28,
39576-31-3; 29, 39576-32-4; 31, 39576-33-5; 33,
34575-25-2; 34, 39575-64-9; isobutyric acid, 79-31-2;
2-amino-2-methylpropanol, 124-68-3.

C,76.44; H, 7.90. Found: C,
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Addition of organolithium and Grignard reagents to 2-alkenyloxazines (4a and 4b) leads to alkylation via the

ketenimine intermediate (10).

be sequentially alkylated with alkyl halides to the corresponding ketones.

The latter may be converted to a-methyl- or a~-phenylaldehydes or, in turn, may

The formation of ketenimines may be

accomplished by nucleophilic addition to the alkenyloxazines, thus eliminating the necessity of a strong base to

effect these transformations.

The base-induced rearrangement of 2-isoalkyloxa-
zines (1) to ketenimines (2) following proton abstrac-
tion has been shown to lead to a variety of a-branched
ketones (3).? It was of interest to determine if the
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(1) Part XXI of a study on the chemistry of dihydro-1,3-oxazines. For
previous papers in this series see ref 3.

(2) Address all correspondence to this author at the Department of Chem-
istry, Colorado State University, Fort Collins, Colo. 80521.

(3) A. I. Meyers, E. M. Smith, and M. S. Ao, J. Org. Chem., 38, 2129
(1973).

The scope and limitation to this carbonyl synthesis are presented.

oxazine-ketenimine rearrangement could be effected
by addition of organometallics to 2-alkenylozaxines (4).
Implementation of this process would further expand
the scope of the ketone synthesis by incorporation of an
additional 8-methylene group in the ketenimine 5 and
the resulting ketone 6. Furthermore, organometallic
addition to 4, since it does not require proton
abstraction as in 1, may be possible with Grignard
reagents as well as organolithiums. This, in itself,
would be worthwhile modification owing to the more
convenient nature of Grignard reagents.

The oxazines chosen for this study were the 2-
isopropenyl (4a) and the 2-(a-styryl) (4b) derivatives
prepared from methacrylonitrile and the diol (eq 1) and
condensation of the benzyloxazine with formaldehyde
(eq 2), respectively. Organometallic addition to the
2-vinyloxazine 4 (R = H) were precluded owing
to the polymerization already noted for this sys-
tem.4

(4) A.I. Meyers, A. Nabeya, H. W. Adickes, I. R. Politzer, G. R, Malone,
A. C. Kovelesky, R. L. Nolen, and R. C. Portnoy, J. Org. Chem., 38, 36
(1973).



