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The role of heterocyclic compounds in the synthesis of substituted
aldehydes and ketones is reviewed. Particular note is made of the charge
poiarization of the masked carbonyl function and the sites of alkylation
available with each heterocycle are considered. A total of eleven hetero-
cycles are discussed,

Introduction

This review surveys some of the applications of various heterocyclic
compounds as aids to the synthesis of molecules containing carbonyl func-
tionality. These heterocycles are 'masked' carbonyls which can serve a
dual purpose; protection of the carbonyt and/or modification of its
chemical character. The latter result is generally due to a differing
charge distribution in the heterocycle from that in the parent carbonyl
compound.

Because of the scope of this topic, it was necessary to 1imit arbitrarily
the areas which would be treated. The heterocycles discussed are these in
which:

1) a carbonyl group results upon cleavage of the heterocycle (demasking);

2) this carbonyl is an aldehyde or ketone;

3) the heterocycle is such that there is the potential for generation

of either a positive or negative charge at the carbonyl carbon atom;

4) alkylation of the heterocycle must be possible (i.e. it does not

act solely as a protecting group)'™’.

(1)

Carbonyl transpositions are not included, as no formal aikylation
occurs in these processes.
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The heterocycles in question thus fit into two broad categories.
One class is that in which the 'carbonyl’ carbon(z) is electrophilic
(1.e. normal carbonyl polarity) and the other includes heterocycles in
which the opposite polarization is developed. Because of this method
of organization, and their analegous behaviour to 1,3-dithianes, thio-
acetal monosuiphoxides were included in the Tatter grouping, although
they are not strictly speaking, heteroCYCLES. Also, heterocycles which
can behave in either fashion, such as furan derivatives, were not con-
sidered, as this characteristic is not suited to the format of this
paper.

6+ 6- 6+ 8- §~ &+ §- &+
C=C—C=0 £=C—C=0
Normal Polarization Reverse Polarization

Within each of the two main divisions noted above, the further
distinction as to whether alkylation occurs at the masked carbonyl,
o to this position, or g to it was made.

Notwithstanding the Timitations placed on the topic of this review,
it was not possible to inctude all cfasses of heterocycles which met
the criteria applied. Hopefully, the ones chosen illustrate the range of
synthetic possibilities and give a balanced view of their uses.

it

(Z)Throughout this review, "'carbonyl' carbon” is used to denote
the carbon of the heterocycle which becomes the carbon of the carbonyl
upon deblocking.
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Heterocyeles Yielding Mormal Carbonyl Charge Polarization

1) 1,3-Dioxanes

Treatment of Z-methoxy-1,3-dioxanes 1, in which the methoxy
substituent has the axial configuration, with a Grignard reagent
afforded; a 1,3-dioxane derivative, 2. This process is equivalent
to the formylation of a Grignard, as acidic hydrolysis of 2 gives the
aldehyde 3. It was noted that if the methoxy group was equatorially

Me R
0] RMgX 07' H© RC
I~ — 87 -"rocwo
| 2 .

3

oriented, it was not displaced by the Grignard reagent. _
1 was prepared from the corresponding diol and trimethyl orthoformate.
S0 to 95% of the product possessed the axial 2-substituent.

Table 1

Yields of 2-alkyldioxanes from Grignard treatment of 1

Ritgx %2
Me- 70%
Et- 75
i-Pr- 63
g- 95
p~-F-¢- 94
p-Br-g- 55
p—CF3-¢- 89
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2) Quinazelines

Grignard formylation is also feasible via the quinazoline methiodide
4~, which was prepared by heating p-tolwidine, formalin solution, and formic
acid, followed by quaternization with methyl iodide. Both aliphatic and
aryl Grignard reagents added to 4, generating 5, which was converted to the
aldehyde by acidic hydrolysis. Yields for the sequence from 4 to & generally
ranged between 70 and 95% (see Table 2).

Me
NCH20 Me
HzN@ HCzOOH qu \w\‘(
Me 2)Me|

3 10D

RCHO

Table 2

Aldehydes prepared via the gquinazoline methiodide ¢

RMgX Product (isotated as DNP derivative) Yield
CHBMgI CH3CH0 78%
n-C,H MgBr n-C4H9CHD 87
¢CH2MgCT #CH,, CHO 74
n-ClZstMgBr n-ClZHZSCHO 73
Et(Me)CHMgBY Et(Me)CHCHO 34
Me2CHMgBr MeZCHCHO 45
gMgBr #CHO 95
p-CH;0-gMgBr p-CH;0-gCHO 80
z, 5-(CH30)2-¢MQBY‘ 2,5-( CH3G)2-¢CH0 34
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3) 2-Oxazolines3
A third heterocycle which allows Grignard formylation is the substituted

2-oxazoeline, Zﬁ, which can be prepareds by heating 2-aming-2-methylpropancl

with formic acfd. Treatment of 7 with n-butyllithium causes abstraction of

H ue S o
{ : A‘_Jg'_{ { 52 n-BuLi Q@ﬁ
NH2 4 =C
3
4 |
Mel 050
’,JEQ?
f-)/ R
R — @ _A-H(D) ) D
f;l H(D} , ' ‘
Me e 7a

l RMgX 2HMPA

H
F?! R ...J!f?i._;. Fi-(g?
)(,I,/s v o \R(D)
Me Me
H{lta) 9(9a) 10(ica) . .

the C-2 proton ard quenching with D20 gives the deuterated analogue 7a. The
methiodide salt of 7 or 7a s the substrate susceptible to the Grignard
reagent. The latter must be complexed with twb equivalents of hexamethyl-
phosphoramide (HMPA}, or the aming alcohol 11 or lla results. It is believed
that the oxazolidine, 9 or 9a, is initially formed and it then complexes with
the Grignard reagent as shown above.

The aldehyde is liberated from 9 or %a by hydroiysis with oxalic ac1d
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Thus this method provides a simple synthesis of aldehydes and C—l deuterated
aldehydes. However, it is Timited to Grignhard reagents with an 5p2 or sp
hybridized carbanion. The base strength of aliphatic Grignards in HMPA is

Jable 3

Yields of aldehydes produced from the reaction of
2-0Xazolines and Grignard reagents

RMgX % 10 (10a)
¢CH2— ‘ 87
#CH=CH- 64
pC=C- 51
o-(Me0)-g- 90 (70)

such that there is considerable proton abstraction from 8 in competition
with addition. The ylides12 and 13 are generated in these instances.

® 2o

®
ﬂhe GB‘EP‘Z
12 13

A1l the examples of heterocycles so far cited have involved alkylation

at the masked carbonyl carbon. 2-Substituted oxazolines, which are also

prepared from 2-amino-2-methylpropanol and a carboxylic acid, can be alkylated

o to this site as we116'8. Aliphatic reagents may be used in this variation.
2,4,4-Tyimethy1-2-oxazoTine, 14, can be alkylated using n-buty11ithium

and a variety of eIectrophi]ess. Suitable ones include alkyl halides, epoxides, and

carbonyl compounds. If 16 is reduced directly with borchydride, the amino

alcohol 18 results. This is due to the equilibrium of the oxazelidine 1§

with the acyclic species 17, which is further reduced. However, the methiodide
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n-Buli BH4
Q "B e 7 s
15 _§
\m
=CHCH, E
20 lH
VN

7
12
: H
" NE { °
2l “NHCHz CH2E
18

19 is reduced to the saturated cyclic derivative 20, acid hydrolysis of
which yields the corresponding aldehyde.

2-Substituied oxazolines may also be converted to unsymmetrical ketonesT.
When 22 s treated with two equivalents of an alkylTithium reagent at ~78° s
the hydrogen o to the ring is removed by the first equivalent of base. As

: Li Li
Ce a2 [
R =’C* le
23
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Table 4

Ketones (25,26) from the alkylation of Z2-substituted oxazolines

R R R? RS Yield (25 or 26)
Me . Me Et 89%
Me Me i-Pr - 69
Me Et Et 76
Et .. Et Et a1
i-Pr Me Et 83
i-Pr Et Et 85
i-Pr Et Et 65
i-Pr i-Pr i-Pr 83
t-Bu H t-Bu 74
t-Bu Me t-Bu 71
t-Bu Et t-Bu 29
t-Bu i-Pr t-By 37
t-Bu t-Bu Me 30
Me Me - Et Me 74
Me Me i-Pr Et 96
Me Me Et i-Pr 64
Me Et Et Me 74
Me Et i-Pr i-Pr 62
Et Et £t Me 60
£t Et i-Pr i-Pr 62
i-Pr Me Et Me 45
i-Pr Me . Et Et 36
i-Pr i-Pr i-Pr Me . 23
i-Pr i-Pr i-Pr Et 29
i-Pr i-Pr Me i-Pr 20

t-Bu H t-Bu Me 34

the reaction mixture is allowed to warm, rearrangement to the ketenimine 23
occurs. The second equivalent then adds to 23, affording an alkylated 1ithio-
enamine. This addition takes place at the ‘carbonyl' carbon. A second
addition o to this position occurs 1f 24 is quenched with an alkyl halide.
Acid hydrolysis then gives the a,o,o-trisubstituted ketone 25. Alternatively,
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24 can itself be hydrolyzed to 26, an a,u-disubstituted ketone.

A similar ketone synthesis was accomplished by reacting the methiodide 27
of 22 with organometallic compounds7. Acid treatment of the adduct 28 gave
the ketone 29. This procedure was extended to allylic Grignards, but in
many instances, olefin isomerization led to mixtures of p\rc:du'::ts8 (Table 5).

Table b

Ketones synthesized from 2-oxazoline methiodides {27)

R R'M R'M % 2% Product
Me £t i-PrLi 76% /\‘il/

te Et EtMgBr 64 /ﬁi’
Me J—

Et t-BuMgBy 0
Me Et 1-Prig8r 93 /\J\( /)ﬁ\/

£t Et EtMgBr 77
Et Et t-BuMgBr 0 —
Et Bt i-Prld 88 ’)’g\(
i-pr Me EtMgBy 73 /Hk/
i-Pr Me t-BuMgBir 0 _
Me £t )\/MQC] 38 sec-Bu-g-CH=C(CH3)2
62 sec-Bu-E-CHZ-C(CH3)=CH2
Me Et NHZMgI 1 88 sec-By -g- CH=CHCH,
Et Bt ~A~MgBr 72 Et, CH-G-CHoCH=CHCH, (¢ & t)
28 Et,CH-C ~CH(CH, ) CH=CH,
22 Mel R"R;’ * 830@,22
N R .
Me e
28
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It should alsc be noted that 2-oxazolines yield carboxylic acids if
they are hydrolyzed without prior reduction by sodium borohydrideg. This

heteroéycle serves. as a precursor to this class of compounds, as well as
being a protecting group for them, since they are inert to Grignard
reagents. Also, esters can be generated if the oxazoline is hydrolyzed in
an alcohotic medium. No further discussion of this application will be
presented, as this survey is intended to deal specifically with processes
culminating in aldehydes or ketones.

4} Thiazoles

Thiazoles have been employed in a sequence Teading to a1dehydeslo.

The scheme is similar to the synthesis of these compounds via 2-oxazolines,
discussed above, and yia dihydro-1,3-oxazines, which will be considered
subsequently.

n-BuLi ’ )
Me  -78° U—CH TR
S S 2
30 5’3'. M
lig"s

. " Hg*® < NBha Z— cT)M
HC~ V¢ 4

S

33

35

Proton abstraction from the 2-methylthiazole 30 was accomplished with
n-butyllithium at -78% and the metallated species was alkylated with benzyl
bromide. Quaternization at nitrogen, followed by reduction, gave the
saturated heterocycle 34, a thiazolidine. The aldehyde was 1iberated under
neutral conditions {an aqueous solution of mercuric salts}, a valuable
consideration when attempting the synthesis of acid-Tabile aldehydes.

In subsequent work by Meyers' group, alkylation was confirmed to occur
at low temperatures (<~50°), but dimerization occurred if the reaction
mixture was allowed to warmli™13,
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5) Thiazolines

In an analogous method to that just mentioned for thiazoles, Z-methyl-
thiazoline 36 has been alkylated and converted to several aldehyde514’14a.

Once again, n-butyllithium was used in conjunction with an alkyl
halide, but the reduction of the C=N bond was accomplished with an aluminium-
mercury amalgam. Primary or secondary alkyl {fodides, benzyl chlorides, and
allylic chlorides proved effective as electrophilic species. Alkyl bromides
gave lower yields (55-65%) and alkyl chlorides afforded negligible alkylation

(0-10%).
Hn-BuLl Ang.
e 20RX Q‘ﬁ HzR

H
38
l.) n-Buli
2)R'X -~ { HgCly
OHC-CH,R
LJAl- Hq R
OHC“( DI R’ 39
40 '

A second (or third) alkylation could be carried out prior to reduction,
giving products with further substitution at the o-position. Masked
cyclopropane- and cyclohexane-carboxaldehydes were prepared by reacting the
anion of 36 with the appropriate dihalide and then adding a second equivalent
of base. Reduction and cleavage yielded the free aldehydes.

in some instances, particularly fn the preparation of trialkylated
acetaldehydes, it was found that yields were fmproved by substituting Tithium

diisopropylamide for n-butydlithium.
The monosubstituted products 39 were prepared in 50 to 60% overalil yield.
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a-Substituted acetaldehydes from

R
¢CH2-
ﬁ(cﬂz)B'

CH,=CBrCH,

2
¢CH=CHCH2-
n-Bu
Me

'¢CH2-.

Me

Me

Table 6

Me

(CHy)g

(Cﬁzls'—“"

RII

Me

the thiazeline 36

Aldehyde

¢¢"\N,f\\,/(:}i()
Br

B AP CHO
o ~CHO

¢—-r/43fi()
CHO
"

#CHO
A EHO
D_CIE))/CHO
Q‘CHO

Because of the neutral conditions employed to unmask the aldehyde,
Meyers' group extended the thiazoline route to the synthesis of B-hydroxy-
Reaction of the lithio-thiazoline 42 with a carbonyl

aldehydesl®+1%8,

compound gave the hydroxythiazoline 43.

Deblocking was accomplished as

previously outtined, affording the g-hydroxyaldehyde 44, The'common problems
with this class of compounds, Toss of water or reverse aldolization to
acetaldehyde and the carbonyl component, were minimized through this

technique.
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f O'C'R. R 1.)Hg~Al | R
. —Ry ——»p OH
H2L| f R' 2) Hﬂ+= %R
q42

15,15a

A variation of this method allowed the synthesis of the homoallylic

alcohols 49 from 42, as outlined below:

2 R ( _CioMe

R=pr, n-hex, \
c?clopeniyl ‘ Li\ R MO~
45 : 46
1). Hg-Atl
2). Hg*2

R @
gvr H W\(’io ZCH=PD3 OH R
H , Me Me
49 . 48 47

—— — —
-

The alcohol function was most suitably protected by reacting the lithio
adduct 45 with chlioromethyl methyl ether.

6) Dihydro-1,3-oxazines

Dihydro-1,3-oxazines have proved extremely versatile in syntheses of
aldehydes and ketones, for, according to the conditions employed, alkylation
can be effected at the 'carbonyl’ cérbon, o to this site, or B to it3.

2-Substituted 4,4,6—trimethyfdihydro-l,3-0xazines 50 are readily
ava11ab1e16"18, with most of the preparations involving condensation of
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carboxylic acids, nitriles, or amides with amino alcohols, olefins, or
glycols. In their extensive work on oxazine chemistry, Meyers' group found19
the condensation of a glycol with a nitrile in sulphuric acid16 to be the
method of choice.

+ N=Cc-r f25%
H 0

In the case of the oxazine 51, in which the 2-p051t10;w:; unsubstituted,
treatment with an alkyl T1ithium reagent leads to the tetrahydro derivative
gg?o. This addition at the 'carbonyl' carbon provides an aldehyde synthesis,
for this adduct yields 53 upon acid hydrolysis. The yields of 52 for R=n-Bu
and t-Bu were 66% and 55%, respectively.

RL W®
e ¥ 15 ~————p»RCHO

51 52

Although 2-substituted dihydro-oxazines are inert to Grignard attack,
the electrophilicity of the 2-position can be enhanced to allow a ketone
synthesiszl’zz. The methiodide(3) of 50 was found to react with organo-
Tithium or Grignard reagents to give the tetrahydro~oxazine 55, the
equivalent of a 1,2-carbonyl addition. Acid hydrolysis then liberated the
ketone. The yields for the seguence were dependent on the nature of the

g::nﬂgx ,or )(\0
(1, s Q 2o L
Me Me
54

5_5 56

(3) If a particular methiodide is non-crystalline, the corresponding
methanesulfonate or fluoroborate salts may be used instead.
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2-substituent (R) and on the organometallic employed. When R=Me, the
Grignard was sufficiently basic to remove the a-proton, as well as add to
the C=N Tink. AlkyT Tithium reagents, being more basic, gave correspond-
ingly Tower yields of the ketone. However, they could be used successfully
when the a~protons were less acidic (e.g. R=CH2CH2¢).

Hindered Grignards tended to cause reduction of the double bond rather
than add to it {Figure 1), and buTky reagents which could not reduce the
C=N bond, such as phenylmagnesium bromide, did not react. The latter
problem was circumvented by alkylating with phenyllithium or using
2-phenyloxazinium methiodide and the appropriate organometallic. A final
Timitation of this method is that all attempts to produce cyclic ketones
have failed {Figure 2},

Table 7

Ketones from the reaction of the methiodide 54
with organometallic reagents

3 - R'M % 56
¢ChZCH2- EtMgBr 78%
éCHZCHZ- n-BuMgBr 71
¢CH2CH2- . n-Buli 51
¢CH2CH2- t-Bul{ 29

$- EtMgBr 70
CH2=CHCHZC(¢)H MeMgBr 56
cyciopropyl n-BuMgBr 35
@QC(CHE")Z Ho 0| oD
CHy, ——» —2"3 0
Me
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Br /MgBr

/ . _
@) CHa)n @) CHaly | CHopln
Me Me Me
Fig. 2

A versatile synthesis of substituted cyclopentenones has been devised23

using this approach, together with alkylation at the ¢ position (the discus-
sion of which follows). It is outlined below:

i” D
Hal-
2! .
57 58 J
: L) Mel
2.) AN\~ MOBr

(5?:?#‘\1=;> ¢ OH H
|
6! s Me
59

As with the 2-oxazolines, thiazoles, and thiazolines discussed pre-
viously, a carbanionic species 63 can be generated, allowing substitution
o to the heterocycle by a variety of electrophi]eslg’zq’zs. Reduction to
the tetrahydro-oxazine 65 was carried out with buffered sodium borohydride
(pH 5-8, pH 7 optimum), for catalytic or other metal hydride reductions gave

(4)

(4 Using sodium borodeuteride (NaBD4), C-1 deutericaldehydes were prepared
via this route.
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n-BuLi ’
QCHaﬁ et QCHR QHR

62 R=H,Z 63 64 E
[H] NCIBH4
PH7T
' R
H H H 9 \
Hell — 65 —3=% CH-CHO
/
-CHR N=CR HR E

o
o
-q
o T
»
o

the amino alcohol 68, as a result of the ring tautomerism between 65 and
67. The aldehyde 66 was Tiberated with aqueous oxalic acid or 90% acetic
acid. ‘

Table 8

aso-Disubstituted acetaldehydes from dihydro-1,3-oxazines

Oxazine R'X(E) % 66
62, R=H Mel 60%
n-Prl 65
n-Bul 67
allyl bromide 53
2-bromoethyl ether 54
i-Prl : 47
¢CH2Br 54
3-bromocyclohexene 50
62, R=g Mel 70
"~ n=PrBr 59

In this sequence, the alkylation can only be carried out for a primary
carbanion or when the carbanion is further stabilized (e.g. 62, R=g, €& Et)
With secondary and tertiary carbons, the anion fis only formed at a temperature
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at which it is unstable. Rearrangement ensues and alkylation cannot
compete meaningfully (71 does not react with electrophiles). When the
carbanion is primary or secondary, dimerization occurs at the elevated
temperatures, as is represented in Scheme 1.

In the above synthesis {62+66}, primary alkyl bromides and iodides
gave good yields, although chlorides could be used if they were activated
(e.qg. ¢CH2C1,CH2=CHCH201,CH3CH2CECCH201). However, secondary halides produced

Scheme |

73 72

more elimination products with increasing steric bulk, as did homopropargyl
or homoallyl halides. The only secondary halides found to give good yields
were those derived from alicyclic systems, in which steric bulk is reduced.
a,8-Unsaturated aldehydes were preparedlg’26 by reacting various
carbony? compounds with the anion 63, followed by reduction and hydrolysis.
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H
63
O™ & > e

H

e o T e e I

Similarly precursors to y-hydroxyaldehydes and their y-oxo derivatives
were obta‘ined27 from the reaction of epoxides with 63.

4
|

a——

H
(]
.8H 78
R 21“3 R
.

we  OH

1 ]

78 77

Table 9

Products from the reaction of various epoxides
with the lithiated species 63

Oxazine Epoxide % (77 & 78)

63, R=H ethylene 63%

- styrene 68
cyclohexene 57

63, R=¢ ethylene 69

o styrene 61
cyclohexene 59
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For dihydro-oxazines in which the anion generated was further stabilized

(e.q. 63, R=¢, CO Et), successive alkylations at this position could be
carried out with d1ha11des, leading ultimately to alicyclic a'ldehydes2
The sequence is iliustrated:

[). X(CHZnX" R 1,8Hq® R
—_—t P
2).n-Bul.i 2).H;0® OHOJ(EH )
HZ’I’I 2n
R=@,C02Et
79 g0
Table 10

Alicyclic aldehydes from dihydro-1,3-oxazines

Oxazine Dihalide Aldehyde % 80
63, R=g 1,2-dibromoathane l><c0 62%
O
63, R=g 1,3-dibromopropane D%HO 49
63, R=¢ '1,4-dibromobutane 60
£ | o
, R= L4-di HO
63, R=CO,Et 1,4-dibromobutane Oéoa’f' 72

a-Formyl esters resulted from reactfon of the anion of oxazines contain-
ing the carboethoxy group with alkyl halides, succeeded by the normal reduc~
tion and hydro]ysislg. In this instance, sodium hydride was used to generate
the doubly stabilized carbanion 82.

1). RX o
NaH 2).BHg~  OH O, Et
O,Et 0zEt 3).H0®
©

82 83
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The oxazine carbonyl synthesis also allows elaboration of the side
chainlg. Since the heterocycle is inert to Grignards, these reagents can
be used to modify other sites in the synthon. An example of this application
is shown in Scheme 2.

T j\/\N
HpLi Br

0. Mg
2).R con2

HCW\/E:R' 4—-———-———8';?@ _ M

Scheme 2

2-Chloromethyloxazine, 84, has recently been applied by Meyers et al.
to the synthesis of g-chloroaldehydes and o,B-unsaturated aldehydes
When 84 was treated with 1ithium bis(trimethylsilyl)amide {LiBSA) followed
by an alkyl halide, the chloro-oxazine 85 was produced in high yield. This
was transformed to the a-chloroaldehyde 86 by the usual methods29

[(Zqu
LIN(SIMGQZ 1. BHP OHC
RX{I.leq.} 2).H o@ T
Hael REle%e IR 3 )
84 85 86
P(OEt)y
R
O .BHS OHC R
S L TS T o ’\5
P(OEt), NoH R 2.H0®
89
87 88 .BH4®
. “‘~\\\\\\\\1‘ 2). HE#)GD
2
R R ' H30@ .
()5L~qg5L\~FQ 2
f!l RELI
92
9: @
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30

Alternatively, 84 could be converted into the phosphonate ester 87
which reacted with carbonyl compounds31 aiving unsaturated oxazines
These in turn afforded the o,f-unsaturated aldehydes. Conjugated ketones
were also prepared via the N-methy! quaternary salt 90. Alkyl Tithium
reagents added in the normal manner and acid hydrolysis gave 92. Overall
yields ranged from 50 to 80%.

Table 11

Product composition from the alkylation of 84
in lithium bis(trimethylsilyl) amide

RX DHO-CH,C1 (84) DHO-CHRC1 (85) DHO A~ DHO
Mel 3% 97% 0%
Etl 0 100 0
EtBr 1 93 6

E£C - 16 7 77

{DHO = Dihydrooxazine)
e
gq 23P f\ic ® O
N”CH2P D3
93

A modification of the w-alkylation reaction has been devised which
allows the manipulations to be performed at room temperature with sodium
hydride instead of n-buty]lithiumsz. The methiodide of the 2-methyloxazine,
94, thus yielded the enamine 95. Alkylation and reaction with the second
equivalent of hydride jon gave 97, convertible to the corresponding aldehyde.

NaH RX NaH
(-Hz}’ QL @ R(-Hz) f\ AR
S he R-x )
1° Me Me R-X Me  NaH
24 95 96 2).330@ 9_7

OHC-CH,R 98

(5) The phosphonium salts 93 were found to give similar results to the
phosphonate esters (Table 12).
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Table 12

Vinyloxazines from phosphonate esters or phosphonium salts

R Rl g2 % Vinyloxazines (88 or 91)
_ o from 87 “from 83
¢ H H 80% 94%
¢ Me H 57 {24:76,c:t) 70 {50:50,c:t)
¢ é H 77 52
Me Me H 73 50
Et H H 75 80
n-hexyl H H 72 82
(CHp)y— H 77 18
2-C5H4N H H 65 72
H ¢ Me
Me Me Et
_———-(CH2)4— Et
Table 13

Substituted acetaldehydes via alkylation of 94
{using sodium hydride)

RX Aldehyde (98) Yield
¢(GH2)31 0HC(CH2)4¢ 51%
H2C=C(B\")CHZBY‘ OHC(CHZ)ZC(BY')=CH2 60
¢CHZBY' OHCCHZCH2¢ 58

The instability of the oxazine carbanion 100 at elevated temperatures
(v0-10°), which results in rearrangement to the ketenimine 101, provides
another route to ketone533’34. Two equivalents of the organolithium base
are used; the first generates the anion 100 and the second adds to 101 to
give 102, a metallated enamine. Hydrolysis of this compound results in the
a,o-disubstituted ketone 103, or it can be reacted with an alkyl halide,
producing an intermediate which ultimately gives the ketone 105 with a
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quaternary carbon o to the carbonyl. The alkylation occurs at the most
substituted carbon, in contrast to the prior results of Stork35.

. . | .
RYLI Li
. .__T’ ' —_ r\o '-.\
R~ {~-RYH} R\‘ N=C{2 H
' RE./ -

99 B (] RoLI
i
P?‘K ,E\()L RL‘\
Li Ry — ll\k? Rg/’
- ! Li R®
—C_}\R’ 102
@ l3 R4
H30 R Hz0®
- 104
&
) i
¢ Rig_(nz:'
105 103

Oxazines can also be alkylated B to the masked carbonyl group if the
2-vinyloxazine 106 1‘5_ empToyed., While 106 polymerizes when treated with
organometailic reagentslg, 108 can be prepared in reasonabie yields {Table
15) if an alkyl halide is added to 106 prior to the introduction of the
Grignard reagent36’37. The halide serves to trap the initially formed
magnesium salt. Reduction and hydrolysis resuit in the aldehyde 109, a

, - -
1. R'X 0
Nj\f 2. RMgX™ — J:k
-60° P R ' R
106 REX_a 10X R 108
lo7 nenS
L . 2.Hz0®P
OHCrR
109

——p.
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Table 14
a-Disubstituted and a-trisubstituted ketones from dihydro~1,3-oxazines

RL e R3Li g% Ketome (103 or 1058)  Yield

Me Me gL Et] %(\ 502

Me Me n-Buli Mel 60

Me Me n-BuLi - 73

—_ (CH2)4-—— n-Buli Mel 63

——(CH2)4 — n-BuLi - 58

Me neopentyl  EtLi Mel 65

Me n-amy1l t-Buli - 53

Me n-amyl CH2=CHL1' - 45

i n=-butyl n-BuLi - 77

¢ n—buf;yi n-BuLi Me 63

Me neopentyl sec~Buli - /\ﬁ(\k 63
compound which has been alkylated o and B to the carbonyl group.

While 106 is polymerized by organometallics, its substituted derivatives,
2-isopropylidene-oxazine 110 and 2-(a-styryl }-oxazine 111, react under the
same conditions to give a ketenimine _1_1_?_38'40. This can be hydrolyzed to the
substituted dihydro-1,3-oxazine 113 and subsequently transformed to the
aldehyde 114, or alkylated as described above to give the o,a-disubstituted
product 116 or the o-(quaternary carbon) ketone 118.
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Table 15

Aldehydes prepared via the vinyloxazines 106

RMgBrr R'X % 109
gMgBr Mel 71%
#MgBr $CH.Br 60
#MgBr CHy= CHCH,Br 43
gMgBr ﬂ& 44
BMgBr Et1 31
CH;MgBr #CH Br 26
EtMgBr ¢CHZBr 72
CH,=CHCH, MgBr #CH,Br 31
"M 3
G B (ot = (3
M=Lij '
N or MgX N=C=<|; R
12 13
RM -
10 R=Me l 0.BHC
i Ry 2)Hz0 ®

c
17 &”‘@? R R'
R 0=%-R
R2
1 lis

Thus, the above sequences involve the equivalent of 1,4-additfon to an
o B-unsaturated carbony! compound.
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Table 16

Aldehydes and ketones synthesized from the vinyloxazines 110 and 111

R Rlm RM Product Yield

Me t-BuLi OHC /I\>< 43%
Me  n-BuLi OHC A~ 32

Me CGHHMgBr OHC/'\/O 78
Me  t-Buli oHe AL 71

¢ CgHyqMeBr ' OHCm 94
Me EtMgBr EtMgBr \j\(\/ 67
Me #MgBr #MgBr @a&‘/\@ 47
Me n-Bul.i n~-Buli . \/\i'/\/\ 79

8 CoHjMBr  Meli %\O 79
¢ sec-BuLi Meli ﬁz\r\ 65
] i-PrBuLi EtMgBr \%\( 65
Me CgHqqMoBr Mel i % 82
Me  t-Buli #MgBr Qg\r\{/ 31

7} Isoxazoles

Isoxazole derivatives have proved useful in the synthesis of polycyclic
carbonyl compounds, and, in particular, have been employed in two steroid
syntheses4l'43. Alkylation of an isoxazole is the equivalent of alkylatim g
to the carbonyl.
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Condensation of the diketone 119 with hydroxylamine leads to 3,5-
dimethylisoxazole 121, which gives the required heterocycle 122 on chloro-
meth_y]ation“. 122 reacts with enolates, giving 124, which is ultimately
converted into the o,8-unsaturated ketone 128 5. The mechanisms for these

M _NHoOH_ ﬂ M0 n
.
120

e 21
CHZOIHCI
EHZC!
0
122
transformations are shown below:
HCl’ﬁ} >
Hp/Pd H
123 122 24 -
O NH
l 125
@
(-CH co ) OH
( “H20) “Choi :
{-NH3) o N

127 " 126

After 124 is generated, catalytic hydrogenation cleaves the N-0 bond to
give the imino ketone 125, which in turn cyclizes to 126. Basic hydrolysis
of this compound produces a masked triketone 127. Loss of acetate from, and
cyclization of, this intermediate yield 128. The sequence of steps for the
conversion of 127 to 128 is not known.
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The isoxazale 122%6, the synthesis of which is depicted in Scheme 3,
was used in the construction of the A and B rings of d1-homotestosterone
l§&?l. Alkylation of the bicyclic enolate 130 afforded the intermediate
131. Hydrogenation followed by treatment with base caused cyclization of

é_(\) NaNOo ﬂ
A

Br ‘ XN\NOZ )bgv\\\gc.i)iﬂ COEt
l'ao%)

HoC -
Stheme 3 Qa0 ).LiANA (‘o (CH )3
- JH4pyso0ct2/ °’+’
(G _teHp)] cHeta/
0 EtsN
129

the B ring to give 133 via the diketone 132.

Known procedures allowed the
conversion of 133 to d7-homotestosterone,

The yield for the conversion of

129 + —
©
130

0]

v/ N0

H 13!

.Hp/Pd

" 2). OH i

134

B\
'y
,...\96 :
133
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131 to 133 was 60%, and d1-homotestosterone was prepared from 133 in 74%
yield.

The second steroid synthesis had as its key intermediate the isoxazole
139, which was used to alkylate the 5-membered cyclic diketone 14042 43

 This ketone formed the D-ring of the steroid 144,

Treatment of the previously described isoxazole 122 with triphenyl
phosphine formed its phosphonium salt, which underwent a Wittig reaction
with 2-formyidihydropyran. Hydration of 136, followed by oxidation and
hydrogenation yielded the saturated lactone 138. Vinylmagnesium chloride
reacted with this compound to give the desired isoxazole. Alkylation of

P@a Q
7 _Chglchs
12252 \ ¢
135

UCHO

OH
' Mgt ° Nero \
S e S O s G
0 ~o
19 0@@ 138 137
Be

140
1) [H'_I
2).H®
—_——p
n(\ \ i§n03
49~0H
0 n. [H)
141 ...._% 2). Hp / Pd-C
3).©0H
H
‘._.____..._...
L _J
144 143
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139 was successful, forming the enol ether 141. The D ring olefin was

reduced, after which hydrolysis of the enol ether Jone's oxidation and cyclization
gave the o,B-unsaturated ketone 142. Reduction of this olefin, catalytic cleavage

of the isoxazole ring, and hydrolysis resulted in a transient triketone 143

which formed the desired steroid 144. It should be noted that the fsoxazole

ring was stable to all reaction conditions employed until it came time to

tiberate the masked carbonyl.

Isoxazoles can also be converted to B-dicarbonyl compounds {Scheme 4).
Polyketo compounds such as 148 are of interest from a biosynthetic viewpoint

RHe ). Hy/ Pd j\J\c
07 “CH,R 2)-H20 = RHC HaR Scheme 4

and there have beeh recent efforts Lo realize them via isoxazoles® 48,

Condensation of the lithifo isoxazole 145 with 146 yielded the keto-bis-
isoxazole 147, which can be viewed as a masked form of the tetraketo-ester

Me
n-BulLi m OB—L
@ -78° No” CHaLi + O COZM"’

121 145 146
SIS, z e
Me -
s 0
148 147

148. 145 was prepared by treating 121 with n-butyllithium at -78°. As yet,
no report has been made of the actual conversion of 147 to 148.

Similarly, the bis-isoxazole 149 has been prepared48, hydrogenolysis and
hydrolysis of which gave the acetophencne derivative 151, presumably via the
intermediate 150.
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0. Hp/ Pd

149 2). OH

Heterocycles Yielding Reverse Carbonyl Charge Polarization

1) 1,3-Dithianes

The 1,3-dithiane system was first used as a synthetic toel in 196549

and has since found extensive use as a masked carbonyl capable of reacting
with e]ectrophi]esso. This amounts to an alkylation at the carbonyl carbon.
Thus this heterocycle is valuable in modifying the reactivity of the carbonyl
group as well as being an alternative protecting group which allows regenera-
tion of a specific carbonyl when used in conjunction with ethylene ketals

(for example).

1,3-Dithiane, 152, can be prepared51 by the Lewis acid catalyzed reaction
of propan-1,3-dithio]l with formaldehyde. Mono~substituted dithianes 154 are
similarly avai]ableso {Scheme 5) or can be synthesized by alkylaticn of 152,
as is5 described subsequently.

BFx-Et
m 320 m
H H + HCHO CHCl3 S\/S

ZnCl
2, r/‘\j
HS SH + RCHO  HClor s\(S 154

Scheme 5
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The 1ithio dithiane 153, or the 1ithio monoalkyldithiane 156, both of
which are generated from the corresponding dithiane with n-buty1lithium
reacts readily with various halides and when the product is hydrolyzed the
aldehyde 155 or ketone 158, respectively, is Iiberated4g’50.

Hydrolysis of the dithiane s generally accomplished under neutral

() e (3 e (Y~
H><f| NI HR 155

152 153 154

RJ\R gg . RX SE};
158 - 7 156

conditions, making cleavage compatible with ethylene ketals and other acid
labile protecting groups. A variety of methods for this operation have been
reported50’52'60; commonly, agueous mercuric oxide-mercuric chloride or
calcium carbonate-mercuric chloride was used, but other methods have been
introduced in efforts to improve yields and utilize Tess expensive reagents.
Some of the hydrolytic reagents which have proved useful are presented in
Table 17. Seebach's review of dithiane chemistry™ gives additional data.
The dithiane can also be cleaved with Raney nickel to give an alkane, but
this falls outside the scope of this paper and will not be elaborated upon.

The versatility of the dithiane system has been exploited to produce a
wide variety of carbony! compounds, and some of the veaction possibilities
are summarized in Tabhle 18. All these examples are from work performed up
to 1969 and this pertod in the dithiane field has been reviewed by SeebachSC.
Recently, a further review of dithiane chemistry has appearedsog. Some of
the 'highlights' of recent efforts in dithiane chemistry will be discussed
below without detailed examination of the early work.

Optically active aldehydes and ketones have been prepared by reaction
of a dithiane with an optically active ha1ide62’63. The iodide 160, prepared
from ($)-2-methyl-1-butanol 159, reacted with the Tithio dithiane to give 161.
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Reagents employed for the hydrolysis of 1,3-dithianes

Reagent
HgCl,
HgC]2~Hg0
HgCIZ-CaCO
HgCIZ-CdCO

3
3
NBS
NBS-AgNO3
NCS-AgNO,
HgO-BF3
CuC]szUO
=2
MeI-(CO3 }
Ceric ammonium nitrate
TH{III)trifluoroacetate
MeFS0/%0H
H2504

0-mesitylenesulphonyl-
hydroxylamine

Table 17

Conditions

90% MeOH or THF 2-4h
reflux

90-94% MeQH 1-5h reflux
80% MeCN or 90% MeOH
#H/acetone/H,0, 20h, 20°

96% acetone, 5 min,
-5 to -100

aqueous CH3CN or acetone
aqueous CH3CN or acetone
HZO-THF,RT, few min

99% acetone, lh reflux

moist acetone, reflux
sev. h

75% CHSCN,RT, 3 min
RT, 5 min

RT, 1h

RT, 20 min

1) CHC13,RT, 30-60 min
2) H20

Yield Reference
63-87% 50,52
60-83% 50,52
90-93% 50,52
34% 50
76-97% 50,52
52
72-94% 50,52
60-90% 53
80-90% 54
71% 55
70-85% 56
77-80% 57
62-88% 58
91-95% 59
21-74% 60

This was hydrolyzed to the {S)-aldehyde or (S)-ketone 162 in high optical

yield.

propan-1,3-dithiol to give 164.

Also, 159 was oxidized to the aldehyde 163 which was reacted with
Alkylation and hydrolysis afforded 166.

Only 20% loss of activity resulted from this sequence, in which the
alkylation was o to the asymmetric centre. i
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Table 18
Some representative carbonyl compounds synthesized

from 1,3-dithianes

Reactants Final Product Reference

Q , D20 2¢00 61
27H

I
Q , /'\Ceﬂls /trcera

Me><H 63

)(-\ |
’ (CHZ),, (CHZ) 51,65

O \A\/% -

S>< s *@CH,Br,CICOOEt Etozc/g\cnag 50

H

Me3c .
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Li R
R=H,Me,

n-umyl.

~or —s A~y B s

159-(S) 160-(S) 161-(8) \
H0|-| /\Tj\S R
~° 164-(S) Y

163-(S) ln-BuLl 162 ~(S})
P,
165-(S) 166-(S)

In cases where alkylation occurs by Sn2 displacement at the asymmetric

centre, inversion of configuration occurs. The optical yield is approximately

{R)-2-1000- (8)=2«10D0-
(\, < OCTANE _ U TANE Y |
’ S
Li H<cH 174-(R)
173-(S 153 /
“nacs \M [73-(S) == Me \CGH|3
n-Bull Mel n-Buli
Mel Mel
@ QP
69-(S 167 I71-{R)
169-(S) MeXH — M?@H
Hid \ Ve Mo BoH
e {R)-2-10D0- , 6™13
QCTANE  [n-Bui (S)-2-10D0-
l OCTANE
Me Me
on(tl-i*csi-lgs > H-CgHy3
\Me _ Me
170-(S) 168 172 -(R)

—766 —



HETEROCYCLES, Vol 6, No. 6, 1977

10% higher when the active halide is used to alkylate the 1ithio methyl-
dithiane 168, rather than 153. It was reasoned53 that the methyl group
caused a higher degree of inversion in the alkylation.

The Tithio methyldithiane 168 has been reacted with carbonyl compounds
to produce polyfunctional ketonessz’ss. Condensation of 168 with cycio-
hexenone led to the highly acid labile adduct 176. In the presence of acid,
it rearranged to another allylic alcohol, 177. Oxidation with manganese
dioxide and hydrolysis of the dithiane yielded the diketone 178. 176 proved
to be so sensitive to acid that when it was hydrolyzed with mercuric
chloride, it was isomerized by the traces of hydrogen chioride l1iberated.
This could be prevented by using an acid scavenger such as calcium carbonate.
In this instance 179 was the product.

O S,
HgCi H
><S + H 9Clp ﬁ\

Me "Li CaCoO3

168 75 176 ot 79
glla ®
0. MnO, C,S HgCly
, —%y
2). HgClp CdCOx
H H
78 177 180

Dithianes also show promise in the synthesis of prostaglandins.
Woessner and AlTison have synthesized the hydroxycyclopentenone 187 using
the dithiane moiety as the key t00168. 181 was alkylated with the diethyl
acetal of bromoacetaldehyde and the adduct 183 was hydrolyzed to the
corresponding aldehyde. Reaction of 184 with 1ithio methyldithiane yielded
the hydroxy-bis(dithiane) 185, which was then deblocked and cyclized to 187.
The acetal and dithiane perform complementary roles as protecting groups in
this efficient synthesis, which has as one of its intermediates an acid
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labile a-hydroxyketone 186.

E1Q
E'0>_br 182 q H300 (\|

: g;:g S><V;E2 Soc®

. Li><R R Et R LCHO

‘ 183

18l R=n-Bu,n-Am 184

Mfgz%i
R © H H
H S Me

187 186 185

— t—

When 1,3-dithiane is treated with the fluoroborate of triphenylfluoro~
methane, the 1,3-dithienium salt 189 is formed®. It in turn reacts with
dienes in a cycloaddition process to give 190. A rearrangement product, a

Rl
J @ e
(\I ﬁgce BFy© Q Raz Rm BF4
—— ) —» 2
S8 S EF T Rofs
188 189 Bo
n-Bul.i
-78°
i R
HgClp R S a S
¥Caco 2D< > R :>
2 3 R S
193 R'=R®-H 192 [L]]
R'=H, R°=Me
R'= R2=Me
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vinylcyclopropane 191, then results from n-butyllithium treatment and this
compound yields a spiredithiane when heated. As 192 is hydrolyzed under
neutral conditions, an unsaturated ketone 193 is formed with no rearrangement
to conjugated material. Calcium carbonate 1s used with the mercuric chloride
to mop up the small amounts of acid released in the hydrolysis.

In the above sequence, 189 is in effect a masked form of carbon monoxide.

The 1,3-dithiane heterocycle has been applied to the synthesis of the
macrolide antibiotic pyrenophorin, ggg?o. Reduction of the Tactone 194 gave

2).n-Buli,

ethyl formoie

P2CHCO,CHsy CHy~S M
T%Mozwe% O2CH Oa-s0 e

H300 {98 R=THP
199 R= H

C200 R= COCHzBr’)I)ﬁsp'
20! R=COCH=P@5 2).0q.NaOH

7
l'—?Z'QH’A T\J\/\fﬁ
=
S , c%\/?/\)\
A~ © = R™
R 205 ref )

205 R=
04% 500 R=THP, R OCH,CH, SO, @M
oMM 202 2CH, SO, Me NCS/Ag
203 R'=H, R%=OH
BIZKC204 R'=H, R G_U_: DBN 206 R=0

DBN = 1,5- diazabicyclo [4-3-0] non-5-ene
BIZK = bis-imidazol-i-yl ketone
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the hemi-acetal 195 which was simultaneously opened and converted to the
dithiane alcohol 196. Hydroxyl protection and formylation yielded 197. A
series of transformations gave 201 which underwent a Wittig reaction with
197 to produce 202. Further manipulations gave 204 which could be lactonized
to yield 205. Deblocking in N-chlorosuccinamide-silver nitrate gave the
desired macrolide 206.

Seebach and Leitz have accomplished’~ the 1,4-addition of 2-1ithio-1,3-
dithianes to substituted w-nitrostyrenes 207 to give adducts of type 209.

2

71

E;

H f\no O=< f\noz

+ /E-RS -78°
Li O=N
208 207 %, 209 25 210

Note, however, that this is still an alkylation at the masked carbonyl.
Typical results are presented in Table 19, but the authors reported that
yields had not been optimized in many instances.

)

Table 19
Structures and yields of nitrodithiane adducts (209)

R RE R % 209
H 4-CH,0 H 25%
H 2,5-(CH;0) ,-4-Me H 90

H 4-CH,0 Me 50

H 2,5-(CH 0),-4-Me Me 70
Me 4-CH,40 H 25

¢ 4-CH,0 H 90

6 2,5~(CH,0), H 72
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Much of the recent work in the dithiane field has invoived compounds
exemplified by 211, a ketene thioacetal. They had been prepared by Corey

Q
RJEN

and Mark1’? via the Wittig reaction of an aldehyde with 213. This is not a

general procedure for it is unsuccessful with ketones, even under forcing
conditions. Also, there is the problem of contamination with 214.

+2(CH0)sP —>b q + (CHz0Mps -REHOy 2y

214 .
S\a/tocngs - R'=H

me=. )

Another non-general route to Ketene thioacetals was discovered by
Marshall and Be]]etire73. Treatment of the tosylate 215 with phenyl lithium
caused the elimination reaction shown, to produce 216. This was accompliished
for R=H,CH

3
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A more useful procedure was arrived upon by several gr‘oupsm'78 in

quick succession. Reaction of 2-1ithio-1,3-dithiane with trimethylsilyl

chloride gave 217. The anion generated from this compound with n=buty11ithium
reacted with either aldehydes or ketones to give the ketene

thioacetal 211. Some examples, along with the yields obtained, are

presented in Table 20.

m MeSiCI (Y 1). n~BuLi (Y

ST TS R, >°
Ho<Lj H<SIMe J
217 R2>=° R‘2“R

Table 207

Yields of ketene thicacetals 211, and carbonyl compounds
employed in their synthesis

RLcor? % 211
n-PrCHD 67%
i-PrCHO 69
$CH=CHCHO 66
gCHO 63
MeCOMe 45
#C0Me 66
$C08 75

(jﬂ 69

Using this method, Carey and Court prepared79 the conjugated aiky11denedithiane
219a, which underwent a Diels-Alder reaction with maleic anhydride
to give 220. Once again, this amounts te an alkylation at the 'carbonyl'
carbon. Hydrolysis of 220 yielded the keto-acid 222 as well as some of the
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methyl ester 223. As a result, the crude mixture was treated with methanol-
sulphuric acid, affording pure 223. The yield from_ggg‘was 58% while 219a
was transformed to 220 in 60% yield.

219a R'= R®=Me, R=H
b R'=@,R%= R3=H
¢ R'= —(CHp)s =R%,RO-Me

{b+c) ¢d)
xylene
eflux
S
wCOoH HgCl
: 4 glla o
., f,'cozH MeOH
Me ¥ “COxH e X reflux Me Y
Me Me | Me
222 22! 220
MeOH/
HaS04
Me X Oz2Me
Me
223

Another useful reaction of alkylidene dithianes is their conversion to
the saturated dithiane 225, This was achieved by successive treatment of
211 with trifluorcacetic acid in dichloromethane, and triethy1silane74.

Hydrolysis of 225 then gave the u,a~disubstituted aldehyde 226.
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21

(Y _crscoon q Et5SiH Q R

S_S THCiz” d\c
e v
224

The anion 228, generated from ketene thicacetals with n-butyllithium
in hexamethylphosphoramide, reacted with alkyl halides to give the olefinic
species @80. Hydrolysis with O-mesitylenesulphonyThydroxylamine yielded
the o,B-unsaturated ketone 230. Some of the ketones synthesized in this
manner are presented in Table 21.

N N

—_———ip
R H
\<SiMe3 227
HMPA
n-Buli

230 229
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Table 21

@, pB-Unsaturated ketones prepared from ketene thioacetals (227)

Ketone Yield

Hb@i[[] 75%
H|507/%[> 60 %

afji\]I::::Lj<: 65%

A 1,4- or 'Michael' addition to conjugated ketene thioacetals has also
been realized by Seebach's groupsl. This amounts to alkylation v to the
masked carbonyl. Hydrolysis of 232, the alkylation product, again yielded
an o,B-unsaturated carbonyl compound. When Tithium diisopropylamide was
used instead of an alkyltithium reagent, proton abstraction occurred and

the anion reacted with the alkyl halide as shown (231 - 234).
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0. R3Li |/\|

2).R4] or R
Hp0 (R*=H}or 3
4 R
R 2 D20 (R%=D) 2

S

1]
¢4}
w

gi___ Fil HgClp
HgO

n.LDA Py R

2) R4r R:

(Rg—CH3) WR

233
P R
R R Iig‘:ha
235
Meyers' group have prepared the cyano ketene thiocacetal 23982 Metal-

Tation with n-butyllithium and quenching of the resultant anion with an .
alkyl halide gave mixtures of the products 241 and 242. No further applica-
tions of this work have yet been published.

The wmethoxydithiane 243 reacted with two equivalents of an organolithium
reagent to give the anion 245 which was quenched with an alkyl halide83.
Thus an alkylation was achieved at the 'carbonyl' carbon and o to it. Some
results are summarized in Table 22.

Torii et al have pub]isheds3a the results of reactions of dithianes
with epoxides. Thus, 2-(2-hydroxy-2,6-dimethyl-5-heptenyl)-1,3-dithiane 248
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Q HCONMep ’ |/\| 4 m

sS_ .S S._.S
. H ><
H><L! = H C
HC A C=0 237
s—{ OH
Q @3P=CHCN
- @D3PsCHCN | (EXCESS 237)
23¢ EXCESS
e (1w (]
N ' \%N
239 238

RX R %24 %242
Y Y Et 77 23

5SS 55 i-Pr 8 19
RLCN \%CN
24| 242
2RLi
(CH30), CHCHaOCHy —H0Ac p — q
BFy -E1,0 &'r
Hmﬂ Me : 244
243 &
!
«—RX M)
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Table 22

Thioketals prepared from the methoxy-thioacetal 243

R B£ % 246 (from 243)
n-Bu H 91%
sec-Bu H 94
t-Bu H 93
n-Bu n-Am 79

was prepared by reacting 1,2-epoxy-2,6-dimethy¥-5-heptene 247 with 2-1ithio-
1,3-dithiane. Several transformations of 248 were effected, as seen in

, S
M* @'s/\;' ——p WD
247 Li@-@ H

248

Scheme 6, and it was subsequently converted to 1inaloyl oxide 253.
In a prior communication83b, this group described the reaction of the
diepoxide 254 with 153 to give the cyclic compounds 255, 256 and 257, -
Dithianes have heen emp'loyed83c in a new synthesis of functionally
substituted cyclopentenones. Reaction of 153 with 2,2-dialkoxynitriles
258 gave the intermediate 259 which in turn afforded the a-diketo-dithiane
260 in 50 to 70 percent yield from 258, The cyclopentenone derivatives 262
were prepared by the reaction of vinyl triphenylphosphonium salts with the
enolate anion of 260.
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Hg CIZ /CGCOs W
Ho
CH3CN/ |-|204

$i0p
Scheme 6

Ac,0/pyridine

SOClz / pyridine
? Py >

BFy

250 R=CHO
251 R*CHon
2524’ R=CH,0C(S)SCH

o

g
17

—779—




) 255
P
o @ /j
Q0 Li + Ws
H

%)

R e
. /CN \

s
rd’ “oR oue
259

268 a R'=H R=Et —
b R'=Me R=Et "
¢ R'=Et R=Et
)\N/k §
R S

b3
3

} R
RI S ('¢3P0) [} S
i i R s:>

26l 262

) 1
] 3
) : PP
] > p@s B 260

o
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2) 1,3-Dithiepanes
A modification of the dithiane route to carbonyl compounds has utilized
derivatives of 1,2-dimethyl-4,5-di(mercaptomethyl)benzene 263. The masked

Me SH Me s 'R’
263 264

carbonyl compounds, 264, are readily prepared from 263 and the appropriate
aldehyde or ketone83d. The above compounds are crystalline and Tack the
foul smells generally associated with thiols, thioacetals, or thioketals.

In this respect, they offer a distinct advantage over the 1,3-dithianes.
With regards to reactivity, they behave in an analogous manner to the latter
compounds; they are stable to hot aqueous solutfons of acids and bases,
Grignard reagents, and reducing agents of the borohydride type, they can be
cleaved with mercuric salts to regenerate the carbonyl moiety, and they can
be metaliatedS e with n-butyHithium in order to effect alkylation at the
carbon of the masked carbonyl,

Fluorinated keto alcohols 267, isolated as their DNP derivatives, were
prepared83e by treatment of the anion of 264 with a small excess of 1,2-epoxy-
3-fluoropropane and subsequent cleavage of the thioacetal or thioketal
produced with mercuric chloride-mercuric oxide in methanol. Overall yields
ranged from 6 to 43 percent.

pgq MBULI/THE Me .SyR
—_—
=2 (S] /\ZES
(R=H,d,p-totyl, Me s F
styryl, n-nonyl, 265
R'=H)
HgClo/Hgo M S H-
| Ho g2l )QJ\/F
R F MoQH Me )
267 266 '
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Mori and his co-workers have reacted the lithiated species g§§_(R=H,
Me) with various alkyl halides to give compounds typified by ggg?af. Their
results are presented in Table 23. Cleavage to the corresponding aldehyde
or ketone was effected with cupric oxide-cupric ch1oride54.

Table 23
Results of 1,3-dithiepane alkylation

Aikylating Agent Starting Material Product Yield
n~C,HgBr 264 R=R'=H 264 R'=n-C,Hg ,R=H 92%
R=Me,R'=H R'=n-C,Hg ,R=Me 85
H,C=CHCH,Br 264 R=R'=H 264 R'=H,C=CHCH,,R=H 91
R=Me,R'=H R'=H,C=CHCH, , R=Me 79
$CH,Br 264 R=R’=H 264 R'=4CH, ,R=H 71
R=Me,R'=H R'=gCH,, ,R=Me 50
Mese CH(CH,) Br 264 R=R'sH 264 R'= YSCH(CH,), RH 75
R=Me,R"=H R'= J=CH(CH,},.R=Me 61
n—ClOHZIBr 264 R=R'=H g§§_R‘=n-C10H21,R=H 74
R=Me,R'=H R'=n-C; oy, ,Re=Me 88

3} Thioacetal Monosulphoxides

Recently, Schlessinger's group have developed procedures by which
carbonyl compounds can be prepared from thioacetal monosulphoxides. Although
not cyclic compounds, they will be discussed here as they were introduced as
a versatile alternative to the dithiane system,

In searching for an unsymmetrical sulphur system that could be alkylated
by a.B-unsaturated carbonyl systems as well as alkyl halides, Schlessinger
examined the previously reported sulphoxides g§§?4 and gggfs which were said
to react with electrophiles, but he could not reproduce the reported results
satisfactori1y86. However, the diethyl analogue of 269 gave the anjon 271

0
m _ MeS
S._S
~ \‘0 MeS>
268 269
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guantitatively in less than thirty minutes when treated with n-butyllithium
or lithium diisopropylamide at 2°, and 1t could be monoalkylated

in greater than 95% yield. A second alkylation could be accomplished using

. the same conditions; this time in better than 90% yield. Hydrolysis of 272

0 0 0 0
EtS n-BuLi EtS RX EtS “‘OTE;';‘ EtS\ g
~oi @ — >‘R 2.RX ° R
EtS LDA ™ s EtS ' Ets

270 271 272 / 273
l R‘ﬁ\R'
RCHO

274 2I8

or 273 gave the corresponding aldehyde or ketone. The deblocking was
performed in quantitative yield with a catalytic amount of 70% perch]ofic
acid, but there was a problem of contamination with ethyl disulphide. This
presented difficulties with aldehydes or ketones having a boiling point of
1ess than 220° at one torr, but could be avoided by hydrolyzing the
thioacetal monosulphoxide in the presence of a mercuric salt. Four eguiv-
alents of mercuric chloride fn a 4:1 mixture of tetrahydrafuran and 9N
hydrochioric acid was found to be the optimum 'veagent', giving the deblocked
compound in 80-95% yield.

The thioacetal monosulphoxide 270 was prepared by reacting formaldehyde
with ethyl mercaptan and oxidizing the thicacetal produced with metaperiodate,

Schlessinger alse found that the anion 277 would add in a 1,4-fashion to
a,B-unsaturated carbonyl compound587. Yields with a variety of functional
group types were uniformly in the 80 to 95% range, providing an excellent
synthesis of 1,4-dicarbonyl systems. Typical results are depicted in Scheme
7. Two equivalents of cyclopentenone were required to produce a 70% yield
{based on the thioacetal 276) of the adduct 278, and cyclohexenone and its
derivatives gave only moderate yields. '

The unsubstituted anion 271 was also found t¢ undergo conjugate addition
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O~-0OMe
R (82%)

f COZMG
XR_<SMe (94 %)

Et O,Me
Et 2
Etz><R\/LO E'S><R\/C (95%)
(96%)

Scheme 7

]

,
Ets] Q
EtS’ ‘R 278

with a,B-unsaturated esters (Scheme 8}, but added to the carbonyl moiety of
unsaturated ketones. The latter characteristic was later developed by this

0 0

s, =\ s
_ COMe (90%
ers?® Ets>_<_coaue ’

243
- O
- \ b Scheme 8
EtS
SMe
=<c02Me Ets>—}0'2§l:|e (93 %)
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group as a means of acylating thioaceta]s88 and will be discussed sub-

sequently.

The ease with which the thioacetal derivatives condensed with
unsaturated carbonyl systems 1ead1ng u1t1mate1y to 1,4-dicarbonyl structures,
was exploited by Schiessinger et a1 in high yield syntheses of dihydro-
jasmone 279 and cis-jasmone 280. These routes are presented in Schemes 9
and 10.

Scheme 9
0
P
E's>9 + T80\ AN _._..
EtS _ )n-BuLi

0

Moo LI
e Ets
“on

279 (74% OVERALL)
Scheme IO

~55°

E«]s"o — meio
>/\/W 4 eriodate Ets>/\N

EiS

I).n«-B:%j\
2.
0
EtS RED'N
. HgCla/HCI —
ers/___ 2 — (LINDLAR =
—=71 2LNaOH/EtOH

CATALYST)
280

{(63% OVERALL)

Ast:
CH3CHzC=CCHaCHCN _ ANz, CH3CH2C=CCHp CHRCHO \
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The anfon 271 undergoes smooth 1,2-addition to aldehydes, ketones,

esters, and acid chloridessg. The latter two types of compounds require

two equivalents of the anion, whereas aldehydes and ketones react on a 1:1
basjs. Some typical results are presented in the following table:

Table 24

Products from the condensation of aldehydes, ketones, esters,
and acid chlorides with the thioacetal monosulphoxide anion 271

Carbonyl Compound Adduct Yield

ersl. O
. 95%
_~_CHO );Ev*~

Ets

e
0
aé;%f) 9%
Oﬂo ' Ets/ _
0
)' 90
EtS
COEL Ens>jL¢A\
0
Et }' 92

CH3COCI

5 .
| Ets>j\ﬂ %
coci -
@ e
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After hydrolysis, o-functionaltized or o,B-unsaturated carbonyl compounds
result.

For substituted analogues of the anion, the reaction still proceeds
in high yield with aldehydes and acid chlorides, but esters and ketones
react only sluggishly.

Reaction of 281 with an aldehyde yielded the anion 282,which was
quenched with acetyl chloride, forming the ester g§§?8. On refluxing this
compeund in potassium hydroxide-benzene, elimination to the ketene thicacetal
monosulphoxide 284 occurred. These compounds were used as 2-carbon Michael
receptorsgo, resulting in the equivalent of alkylation o to a carbonyl and

0
Mes P wed,  p°
es RCHO
Mes>@ MeS: R
28] 282
0O 0
CHCOCINg "
MeS: KOH/ & MeS: \PCO e
MeS R MeS R
284 283

ultimately producing 1,4-dicarbonyl systems. The generalized reaction is
shown in Scheme 11. This Michael addition was effective with three classes

Scheme ||
o 0

M sf M s);i,& |
e e H

e+ — X —b

Mes’” )R & X MeS X

of compounds: enamines, sodium enolates derived from p-dicarbonyl compounds
{or other compounds capable of generating a doubly stabilized anion), and
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1ithium enolates derived from simple ester systems. Some examples and the
corresponding yields can be found in Table 25.

Table 25

Products from the Wichael addition of various anionic
species to the ketene thioacetal 284

Reactants Praduct Yield
- )
284, R=H + Me 923
284, R=H + Me020> % 98
SMe
Me0,C Me0zC
MeO, Me
288, ReH + £-BUO 0\ "BUOZCV\ISM‘? 9%
\ﬁde
0o
- SMe
284, ReMe + t-BuO,C f BUOZCD/L( 90
g e
_ 0
In the case of the reaction between 284 and g-dicarbonyl systems, the
anion 285 was formed and then was equilibrated to 286°". Addition of an
0
Lo R SMe Re'\
Me + \=£~, > Me SMe
0,Me o Me . MeOC SMe
284 285 \
N o
RR
Me
MeO .
MeOp MeOz eoz
288 287 286
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alkyl halide to this anion led to the thicacetal monosulphoxide 287, a
precursor to unsymmetrical l,4-dicarbonyl compounds.

This. technique was applied to the synthesis of rethrolones (ggg)gz and
proved to be an efficient method giving uniformly high yields (Scheme 12}.

Scheme 12

0
" 13
/ﬁ\,sMe + °s\f\ SMe
Me —

R _n7o%Hclio, Me  Rrx Me
H 2).Ko'e MeS Me$S

289 Me _ Me

R= -CHa CH=CH2 0
= gig- CHp CH =CHCH3
= CHy
= trang~CHpCH = CHCH3

4} 1,2-Isoxazines

Olefins and w~chloronitrones 290 undergo a cycloaddition reaction in
the presence of silver tetrafluoroborate, affording isoxazinium salts 291
in high y1e1d93’94. Neutralization with potassium carbonate produces the
isoxazine 292 which rearranges to the imine 293, when heated. Finally, an
oy B-unsaturated aldehyde results from hydrolysis of this combound. The net
result is alkylation o to a carbonyl and formation of a trisubstituted
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olefin, the Tatter often a difficult objective in a synthetic program.

oe
\e®
R N
[::::I[:ng F‘s

! AgBF4

Rl
. R?
R? Hg0 HO
0 ;
3 1

293 294
R'=Me, R=R=H
R'=R%=H, R°=Me
R'= RZ=Me, RO=H
R'=R%=R3 =Me

When unsymmetric di- and trisubstituted olefins, or nucleophilic
aromatic nuciei, were reacted with ggg_(R3=Me) in ligquid sulphur dioxide, a
novel substitution was observed95 rather than a cycloaddition process,
affording 295. The 8,v-unsaturated aldehyde 296 was isolated by acid

treatment of 295.
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R\, R2
X
R H
Cl

AgBFg
N:d 302
Ho R\ -R®

R> HO 2 @ ,O

66

When the c-chloronitrone 290 was added to silver tetrafluorcborate in
sulphur dioxide in the presence of an acetylenic compound, followed by basic
alumina treatment, an o,R-unsaturated ketone 300 was obtained’® in 70 to 80
percent yield, presumably via the cyclic species 298 and 299.

—0

!
+ 290 (R®=Me,Et) —» RS 0\%0

k2 ‘ 2
R
297  R%=H,R'=CHz(CHpls 3
R' =CH3(CHol3 | 298
RI = g(CHg)z, B@

R'= R%= CH3(CHpls
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Olefin

Substitution products (295) of a-chloronitrones and olefins

Table 26

Product {295)

8.

00,0

R! l‘il)
L0

—792 —

Yield
295

Cycloaddition
Product

59%

60%

14%

50%

55%

A80%
{in all cases}

82%

30%

35%



HETEROCYCLES, Vol 6 Ne. 6, 1977

Summar

Rather than try to summarize in words the variety of carbonyl compounds
available via the eleven heterocycles considered, the general structural
features available from each one are presented in a table:

Table 27

Structural features of carbonyl compounds available from
the heterocyclic compounds discussed

Heterocycle Alkylation Other Product Demasking
- Position Positions Conditions

M
%o; CARBONYL RCHO H®
Ty

:ii CARBONYL RCHO He

0
>( )\ a (C ARBONYL ) R NCHO ne
7 NNZR(H)

R | (Ra) ®
>£N)‘<R' CARBONYL {a) R R H

D '

% j&\ a E~"\CHO NEUTRAL
S
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Heterocycle Alkylation
Pgsition
(N a
a

CARBONYL

L3, _

;leB\ CARBONYL
N R

>(Li @
NZSCHaR

Q

i a
NZ~CH,Cl

Other Product

Positions

RCHO

—794 —

Demaskin
Conditions

NEUTRAL

NEUTRAL
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Heterocycle Akylation Other Product Demasking
Position Positions Conditions

a on-lc'\R/R ®
m/ﬁ(OEt)z | H
R R

a camsoNvL AL g h®

' @
a OHCCH,R H
L3 :

)(% | CARBONYL SR H®
.y C
e/
CARBONYL @ @ﬁ*l;; H®

-
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Heterocycle

=

Alkylation

Position

B

B a  CARBONYL Raj\g,\n‘

NeR
Qﬁ“zco B

D& =D D

o
w.

x—
-
(¥

CARBONYL

CARBONYL

CARBONYL

Qther

Product

Positions

CARBONYL

—796 —

Raﬁra'

RR

Demaskin
Conditions

[H] /On
NEUTRAL, H®

NEUTRAL ,H &

NEUTRAL, H®

NEUTRAL, H®




Heterocycle

2

w

3

w

r

=)

o

4

CH3
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Atkylati Oth Product D ki
PosTHGR ™ posteigns Lol Conditions
2 ®
CARBONYL R R NEUTRAL,H
I
y CARBONYL Ry R NEUTRAL, H®
o o
R R o
CARBONYL NEUTRAL,H
a CARBONYL le - NEUTRAL, H®
R
CARBONYL R'j\’?\Rz NEUTRAL
2 g3

CARBONYL

—797 —



Heterocycle

Alkylation
Position

Mem—nm) CARBONYL
Me -

Et
9

0
MeS/
MeS

(:Jﬁgfoe

&I:R

CARBONYL

CARBONYL

CARBONYL

Positions

Product

Demasking

RiR' :

e

CH X
E-CHO, '

OHC Y%

—798 —

Conditions

NEUTRAL

NEUTRAL

NEUTRAL




Heterocycle

W
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Alkylation Other Product Demasking
Position Positions Conditions
| 2
R~_-R ®
R
HO he®
2

O\@/OG
N {REARRANGEMENT) R2 H

Acknowledgements

We thank the National Research Council of Canada for generocus

financial assistance and Ms., Marilyn Stock and Me. G.K. Diedrich for

valuable assistance in the preparation of the manuscript.

—799 —




1)
2}
3)

4)
5)
6)
7)
8}
9)

10)
11)
12)
13)
14)

lda
15)

15a

16)
17}
18)
19)

20}
21)
22)
23)
24)

References

E. L. Eliel and F. W. Nader, J. Amer. Chem. Soc., 92, 584 (1970}.

H. M. Fales, ibid., 77, 5118 (1955).

For a review of the synthetic applications of 2-oxazolines and
dihydro-1,3-oxazines, see: E, W. Collington, Chem. Ind., 987 (1973).
A. I. Meyers and E. W. Collington, J. Amer. Chem. So¢., 92, 6676 (1970).
P. Allen Jr. and J. Ginos, J. Org. Chem,, 28, 2759 (1963).

I. C. Nordin, J._Heterocycl. Chem., 3, 531 (1966}.

€. Lion and J. E. Dubois, Tetrahedron, 29, 3417 (1973).

C. Lion and J, E. Dubois, Bull. Soc. Chim. {Fr.), 2673 (1973).

A. I. Meyers and D. L, Temple Jr., J. Amer. Chem. Soc., 92, 6644,

6646 {1970).

L. F. Mtman and S. L. Richheimer, Tetrahedron Lett., 4709 (1971).

A. I. Meyers and G. N. Knaus, J. Amer. Chem. Soc., 95, 3408 (1973).

G. Knaus and A. I. Meyers, J. Org. Chem., 39, 1189 (1974).

1bid., 39, 1192 (1974).

A. I. Meyers, R. Munavu and J. Durandetta, Tetrahedron Lett., 3929
(1972).

A. 1. Meyers and J, L. Durandetta, J. Org. Chem., 40, 2021 (1975).

A. I. Meyers, "Heterocycles in Organic Synthesis", General Heterocyclic

Chemistry Series, Vol. 3, E. C. Taylor and A. Weissberger, ed., Wiley-
Interscience, 1974, pp. 211-212.

A. 1. Meyers, J. L. Durandetta and R. Munavu, J. Qrg. Chem,, 40, 2025

(1975).

E.-J. Tillmamns and 4. J. Ritter, jbid., 22, 839 {1957).

Z. Eckstein and T. Urbanski, Adv. Heterocycl. Chem., 2, 311 (1963).

R. R. Schmidt, Chem. Ber., 103, 3242 (1970).

A. I. Meyers, A. Nabeya, H. W. Adickes, J. R. Politzer, G. R. Malone,

A. C. Kovelesky, R. L. Nolen, and R. C. Portnoy, J. Org. Chem., 38, 36
(1973).

A. I. Meyers and H. W. Adickes, Tetrahedron Lett., 5151 (1969).

A. I. Meyers and E. M. Smith, J. Amer. Chem. Soc., 92, 1084 (15970).

. Meyers and E. M. Smith, J. Org. Chem., 37, 4289 (1972).

. Meyers and N. Nazarenko, ibid., 38, 175 (1973).

Fitzpatrick, G. R. Maltone, I. R. Politzer, H. W. Adickes and

. Meyers, Org. Prep. Proc., 1 193 (1969).

bf—-bb
X i

—800 —




HETEROCYCLES, Vol 6 No. 6, 1977

25) A. I. Meyers, A. Nabeya, H. W. Adickes and I. R, Politzer, J. Amer.
Chem. Soc., 91, 763.{1969).

26) A. 1. Meyers, A. Nabeya, M. W. Adickes, J. M. Fitzpatrick, G. R. Malone,
and I. R. Politzer, ibid., 91, 764 (1969). '

27) H. W. Adickes, I. R. Politzer and A. I. Meyers, ibid., 91, 2155 (1969}.

28) A. 1. Meyers, H. W. Adickes, I. R. Politzer and W. N. Beverung, ibid.,
91, 765 (1969).

29} G. R, Malone and A. I. Meyers, J, Org. Chem., 39, 618 (1974).

30) Ibid., 39, 623 (1974).

|

31) W. $. Wadsworth and W. D. Emmons, J. Amer. Chem, Soc., 83, 1733 (1961}.
32} A. I. Meyers and N. Mazarenko, ibid., 94, 3243 (1972).

33) A. I. Meyers, E. M. Smith and A. F. Jurjevich, ibid., 93, 2314 (1971).
34) A. I. Meyers, E. M. Smith and M. $. Ao, J. Org. Chem., 38, 2129 (1973).
35) G. Stork and S. Dowd, J. Amer. Chem. Soc., 85, 2178 (1963).

36) A. I. Meyers and A, C. Kovelesky, Tetrahedron Lett., 1783 (1969).

37) A. C. Xovelesky and A. I. Meyers, Org. Prep. Proc., 1, 213 (1969).

38) A. I. Meyers and A. €. Kovelesky, Tetrahedron Lett., 4809 (1969).
w)A.LMwwsmdkC.mmhﬂLJ.Mw.%m.%m,ﬂ,%w(me

40) A. I. Meyers, A. C. Kovelesky and A. F. Jurjevich, J. Ora. Chem., 38,
2136 {1973).

41) G. Stork and J. E. McMurry, J. Amer. Chem. Soc., 89 5464 (1967).

42) J. W. Scott and G. Saucy, J. Org. Chem., 37, 1652 (1972).

43) J. W. Scott, R, Boter and G. Saucy, ibid., 37, 1659 (1972).

44) N. K. Kochetkov and S. D. Sokolov, Adv. Heterocycl. Chem., 2, 365 (1963}.

45) G, Stork, S. Danishefsky and M. Ohashi, J. Amer. Chem. Soc., 89, 545%
(1967).

46) G. Stork and J. E. McMurry, ibid., 89, 5461 (1967).

47) T. Tanaka, M. Miyazaki and I. Iijima, Chem. Commun., 233 {1973).

48) S. Auricchio and A. Ricca, Gazz.Chim. Ital., 103, 37 (1973).
49) E. J. Corey and D. Seebach, Angew. Chem. Int. Ed., 4, 1075, 1077 (1965).
50} D. Seebach, Synthesis, 17 {1969) and references cited therein.

50a D. Seebach and E. J. Corey, J. Org. Chem,, 40, 231 (1975)..

51) D. Seebach, N. R. Jones and E. J. Corey, ibid., 33, 300 {1968).

52) E. J. Corey and B. W. Erickson, J. Org. Chem., 36, 3553 (1971).

53) E. Vedejs and P. L. Fuchs, ibid., 36, 366 (1971).

54) K. Narasaka, T. Sakashita and T. Mukaiyama, Bull. Chem. Soc. Japan, 45,

3724 (1972).

-—801—




55) M. Fetizon and M. Jurion, Chem. Commun., 382 (1972).
56} T.-L. Ho, H. C. Ho and C. M. Wong, ibid., 791 {1972).
57) T.-L. Ho and C. M. Wong, Can. J. Chem., 50, 3740 (1972).
58) T.-L. Ho and C. M. Wong, Synthesis, 561 (1972}.
~89) T.-L. Ho, H. C. Ho and C. M. Wong, Can. J. Chem., 51, 153 (1973).
60) Y. Tamura, K. Sumoto, S. Fujii, H. Satoh and M, Ikeda, Synthesis, 312
(1973).

61) D. Seebach, 8. W. Erickson, G. Singh, J. Org. Chem., 31, 4303 (1966).

62) D. Seebach and D. Steinmulier, Angew. Chem., 80, 617 (1968).

63) D. Seebach, D. Steinmuller and F. Demuth, ibid., 80, 618 (1968).

64) E. J. Corey et al., J. Amer. Chem. Soc., 90, 3245 (1968).

65) T. Hylton and V. Boekelheide, ibid., 90, 6887 (1968).

66) E. J. Corey and D. Crouse, J, Org. Chem., 33, 298 (1968).

67) E. J. Corey, D. Seebach, R. Freedman, J. Amer. Chem. Soc., 89, 434
(1967).

68} W. D. Woessner and R. A. Allison, Tetrahedron lett., 3735 (1972).

69) E. J. Corey and S. W. Walinsky, J. Amer. Chem. Soc., 94, 8932 (1972).

70} E. W. Colvin, T. A. Purcell and R. A. Raphael, Chem. Commun., 1081
{1972).

71} D. Seebach and H. F. Leitz, Angew. Chem. Int. Ed., 10, 983 (1969},

72} E. J. Corey and G. Markl, Tetrahedron Lett., 3201 (1967).

73) J. A. Marshall and J. A. Belletire, ibid., 871 (1971).

74} F. A. Carey and A. S. Court, J. Org. Chem., 37, 1926 (1972).

75) P. F. Jones and M. F. Lappert, Chem. Commun., 526 {1972).

76) P. F. Jones, M, F. Lappert and A. C. Szary, J. €. S. Perkin I, 2272
(1973).

77} D. Seebach, B.-Th. Grobel, A. K. Beck, M. Braun and K.-H. Geiss, Angew.
Chem. Int. Ed., 11, 443 {1972).

78) D. Seebach, M. Kolb and B.-Th. Grobel, Chem. Ber., 106, 2277 (1973).

79) F. A. Carey and A. S. Court, J. Org. Chem., 37, 4474 (1972).

80) D. Seebach, M. Kolb and B.-Th. Grobel, Tetrahedron Lett., 3171 {1974).

81) D. Seebach, M., Koib and B.-Th. Grobel, Angew. Chem. Int. £d., 12, 69
(1973).

82) A. I. Meyers and R. C. Strickland, J. Org. Chem., 37, 2579 (1972).

83) R. M. Carlson and P. M, Helquist, Tetrahedron Lett., 173 (1969).

83 S§. Torii, K. Uneyama and M. Isihara, J. Org. Chem., 39, 3645 (1974).

—802 —




HETERQCYCLES, Vol & No. 6, 1977

83 S. Torii, Y. Matuyama, M, Isthara and K. Uneyama, Chem. Lett., 947

(1973).

33c I. Xawamoto, S. Muramatsu and Y. Yura, Teétrahedron Lett., 4223 (1974).

83d I. Shakak and E. D, Bergmann, J. Chem. Soc., (C}, 1005 {1966).

83e 5. Rozen, I. Shahak and E. D. Bergmann, Tetrahedron lLett., 1837 (1972).

83f K. Mori, H. Hashimoto, Y. Takenaka and T. Takigawa, Synthesis, 720
(1975).

84) R. M.Carlson and P, M. Helquist, J. Org. Chem., 33, 2596 (1968).

85) K. Ogura and &. Tsuchihashi, Tetrahedron Lett., 3151 (1971).

86) J. E. Richman, J. L. Herrmann and R. H. Schlassinger, ibid., 3267
{1973).

87) Ibid., 3271 (1973}.

88) J. L. Herrmann,J. E. Richman, P. J. Wepplo and R. H. Schlessinger,
ibid., 4707 (1973).

89) J. L. Herrmann, J. E, Richman, and R. H. Schlessinger, ibid., 3275
{1973).

90} J. L. Herrmann, G. R. Kieczykowski, R. F. Romanet, P. J. Wepplo and
R. R. Schlessinger, ibid., 4711 (1973).

91} J. L. Herrmann,G. R. Kieczykowski, R. F. Romanet and R. H. Schlessinger,
ibid., 4715 (1973).

92) R. F. Romanet and R. H. Schlessinger, J. Amer. Chem. Soc., 96, 3701
(1978).

93) U. M. Kempe, T. K. Das Gupta, K. Blatt, P. Gygax, D. Felix and A.
Eschenmoser, Helv. Chim. Acta, 55, 2187 {1972).

94} P. Gygax, T. K. Das Gupta and A, Eschenmoser, ibid., 55, 2205 (1972),

95) S. Shatzmiller, P. Gygax, D. Hall and A. Eschenmoser, ibid., 56, 2961
(1973).

96) S. Shatzmiller and A. Eschenmoser, ibid., 56, 2975 (1973}).

Received, 26th January, 1977

—803 —




