2008

(hexane) 248 nm; NMR (CCls) equal mixture of two sterecisomers 7
8.54 (s, 3 H), 7.56 (d, 2 H, J = 6.0 Hz), 6.68 (s, 3 H), 4.84-5.17 (m, 2
H), 3.90-4.56 (m, 1 H), 2.8-3.1 (m, 3 H), 2.2-2,45 (m, 2 H), and 2d iso-
mer 7 8.45 (s, 3 H), 7.42 (d, 2 H, J = 6.0 Hz), 6.64 (s, 3 H), 4.84-5.17
{m, 2 H), 3.90-4.56 (m, 1 H), 2.8-3.1 (M, 3 H), 2.2-2.45 (m, 2 H); m/e
258 (M*), 217, 189, 105, 104,

(11) Compound 3: NMR (CCls) 7 9.92 (t, 1H, J = 5.0 Hz),9.10(dd, 1H, J =
8.0 and 5.0 Hz), 8.20 (m, 1 H), 8.38 (s, 3H), 7.60(d, 1 H, J = 17.5 Hz),
6.78 (dd, 1 H, J = 17.5 and 8.0 Hz), 2.61-3.10 (m, 5 H); compound 4,
see ref 6.

(12) Compound 13: NMR (CCls)  9.58 (d, 1 H, J = 5.0 Hz), 8.95 (s, 3 H),
8.59(d, 1H, J = 5.0 Hz), 8.06 (s, 3 H), 738 (br s, 2H), 25-3.0(m, 5
H). Compound 14: NMR (CCl,) 7 9.80 (d, 1H, J = 5.0 Hz), 9.38 (d, 1 H,
J =50Hz), 874 (s, 3H), 852 (s, 3H), 7.38(brs, 2H),25-3.0m, 5

H).

(13) Photolysis of 2-phenyl-3-methyl-Z-3-(2-butenyl)azirine also results in
the exclusive formation of endo-azabicyclohexene 16. These stereo-
chemical results can now be rationalized by assuming that the collapse
of the initially formed six-membered ring dipole to the thermodynami-
cally more favored exo isomer results in a severe torsional barrier. For-
mation of the endo isomer (i.e., 16), however, moves the phenyl and
methy| groups further apart and is the kinetically preferred process.

(14) R. Huisgen, Angew. Chem., Int. Ed. Engl., 2, 565 (1973); ibid., 2, 633
(1963); R. Huisgen, R. Grashey, and J. Sauer in "The Chemistry of Alk-
enes’’, S. Patai, Ed., Interscience, New York, N.Y., 1964, pp 806-878.

(15) R. Huisgen and H. Gotthardt, Chem. Ber., 101, 1059 (1968).

(16) A. Eckell, R. Huisgen, R. Sustmann, G. Wallbillich, D. Grashey, and E.
Spindler, Chem. Ber., 100, 2192 (1967).

(17) It should be pointed out that the mechanism proposed here to account
for the formation of the azabicyclohexenes is very similar to Fires-
tone’s stepwise diradical mechanism.5

(18) K. N. Houk, Acc. Chem. Res., 8, 361 (1975).

(19) From the slope and intercept of the Stern-Volmer analysis for azabicy-
clohexene formation in the presence of a given dipolarophile, the ratio
of the external to internal rate constants for cycloaddition of the nitrile
ylide can be determined. Since the rate constants for reaction of differ-
ent nitrile ylides with a particular dipolarophile are almost identical,? the
ratio slopes/intercepts of different allylazirines will give the relative
rates of internal cyclization as a function of substitution about the C~-C
double bond.

(20) W. Kirmse in "Carbene Chemistry’’, Academic Press, New York, N.Y.,
1964.
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Preparation and Reactions of
2-(Alkoxy)-1-(alkyl or arylthio)vinyllithium. Application
in the Synthesis of 9-Desoxo-9-thiaprostaglandins

Sir:
The reaction of a cis-trans mixture of 2-(ethoxy)-1-

(pentyl or phenylthio)ethylenes (1a,b)! with rers-butyllithi-
um in THF at —70° for 1 h results in essentially quantita-

tive formation of the 2-(ethoxy)-1-(pentyl or phenylthio)-
vinyllithium (2a,b). Although, under similar conditions,
vinyl sulfides? and vinyl ethers? are converted to the corre-
sponding 1-vinyllithium derivatives in high yields, the lith-
iation of 1a,b occurs regioselectively at C,. Evidence for the
regioselective lithiation is provided by the reactions of the
anion 2 with electrophiles (E*) to produce exclusively prod-
ucts such as 3% (Table I). Alternatively, the anion 2a is pre-
pared quantitatively by treatment of 1-(bromo)-2-(ethoxy)-
1-(phenylthio)ethylene (4)° with n-butyllithium (1 equiv)
in ether® at —70° for 0.5 h.7

RS<_ _E PhS<_ _Br
RSCH=CHOEt RSC==CHOFEt \( \(
| OFEt OEt

Li
1 2 3 4
a, R=Ph b, R=n-CH,

At —70°, the anion 2 reacts smoothly with aldehydes and
ketones to produce the allylic alcohols 5% in excellent yields
(Scheme I). Under acidic (aqueous HCI, THF, 5 min, 0°)
or weakly basic (SOCl,-pyridine, ether-hexane, —20°)
conditions, these substances undergo facile rearrangements®
to produce a-mercapto-a,S-unsaturated aldehydes 8 (Y =

Scheme |
OH
RS RS
RCHO — R, \[/\R'
OEt Y
5 8
R’j :O: :H .
H H
RS R’ RS R’
| OH —
Et Y OAc
6 9
RS R RS R’
o S ST
OEt Y
7 10

Y=CHO or CH(OEL),

Table I. Reaction of 2-(Ethoxy)-1-(pentyl or phenylthio)vinyllithium with Electrophiles
RSCH=CHOEt Adduct (yield %)4 Rearrangement or solvolysis product®
R Electrophile R R’ R R’
Ph Benzaldehyde 5 Ph Ph (75)"']: 8 Ph Phf
n-C.H,, Benzaldehyde Sn-CH,, Ph (80)¢./ 8 n-C,H,, Ph/
PhS, OH PhS
Ph Cyclopentanone J (78> >=<:‘ ;
OEt Y ‘
Ph Crotonaldehyde 5 Ph —CH=CHCH, (78)brc 8 Ph —-CH==CHCHJJ
Ph Heptanal 5 Ph n-C,H,, (84)¢] 8 Ph n-CH, .81
n-CH,, Heptanal 5n-CH,, n-CH,; (82)bc 8 n-C,H,, n-CH, S
Ph Ethylene oxide 6 Ph H (60)¢/ 9 Ph HAu
Ph Propylene oxide 6 Ph CH, (§5)3/
Ph 1-lodobutane 7 Ph n-C H, (55)8:7
n-CH,, 1-Bromobutane 7 n-C,H,, n-C,H, (42)dj 10 n-CH,, n-C,H
n-C.H,, 1-lodobutane 7 n-C,H,, n-C,H, (60)4

@ Unless otherwise indicated the yields were based on products isolated by preparative TLC.  The yields were determined by spectral data
of the crude products. These adducts were subjected to rearrangement reactions without purification. ¢ Reaction in THF. @ Reaction in THF/
HMPA. € Unless otherwise indicated, all rearrangements and solvolyses proceeded in 85-90% yields. fRearrangement with 1 N aqueous HCl
in THF at 0° for Y = CHO and with p-TsOH in ethanol at 0° for Y = CH(OEt),. & Rearrangement with SOCL, and pyridine iq ether—hexane
at —20° for Y = CHO. % Solvolysis with aqueous AcOH at 50° for Y = CHO and with p-TsOH in ethanol for Y = CH(OE1),. ¢ Solvolysis pro-
ceeded in 40—50% yield. / Reference 17.
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Scheme II

™

_ 5\(
(Et0),CH CHOEt ( EtO)ZC OEt

1
OH
v
[ * — t—
(Et0),CH OEt (Et0»CH CHO
13 14
R __ R
(Et0),CH CHO (EO)XCH
15 SPh
L
CHO
<7 Ny
17
=—(CH,);CN
a X=H; Y=0H
b X=0H; Y=H

CHO). The corresponding acetals 8 (Y = CH(OEt);) are
analogously prepared (p-TsOH, EtOH, § min, 0°).

We have examined the reaction of 2 with epoxides. In
THF at —70°, the anion 2a reacts smoothly with ethylene
oxide to yield 6 (R = Ph R’ = H) in good yield. Under simi-
lar conditions, the alkylation of 2a with propylene oxide is
sluggish. The alkylation, however, proceeds well in the pres-
ence of HMPA and affords regioselectively the isomer 6 (R
= Ph R’ = CHj).

The alkylation of 2 with halides was also investigated. As
in the case of propylene oxide, the alkylation of 2 with 1-
bromo- or l-iodobutane requires HMPA as cosolvent with
THF, to provide acceptable yields of 7 (R’ = n-Bu). We
were, however, unsuccessful in alkylating 2 with benzyl bro-
mide or isopropyl iodide (presumably due to trans metala-
tion).

The substituted ethylenes 6 and 7 can be further solvol-
ized to yield a-alkyl- or arylmercaptoacetaldehydes (aque-
ous AcOH, 50°) or acetals (EtOH, p-TsOH, 25°)

A typical procedure for the generation and reaction of 2a
or b with electrophiles is illustrated in the preparation of 1-
(ethoxy)-2-(phenylthio)-1-hexene (7, R = Ph, R’ = n-
C4Hs). To a solution of 0.9 g (5 mmol) of 1-(ethoxy)-2-
(phenylthio)ethylene (1a)! in THF (20 ml) and HMPA (2
ml), 4 ml (5 mmol) of 1.23 M ¢-BuLi was added dropwise
at —70° over a period of 15 min. After stirring for 1 h at
—70°, 0.92 g (5 mmol) of n-butyl iodide in 1 ml of THF
was added over a period of 1 min. The mixture was stirred
at —70° for 1 h and allowed to warm up slowly to room
temperature. Water was added, the mixture was extracted
with ether, and the isolated crude product was subjected to
preparative TLC to give 630 mg of 7 (53% yield).

A useful synthetic application of synthons of the type 2
was the preparation of the aldehyde 15 (Scheme II}, a key
intermediate in one of our synthetic routes to 9-desoxo-9-
thiaprostaglandins.!® Bromination of the vinyl sulfide
11117 (1 equiv of Bry, ether, 0°) followed by dehydrobrom-
ination without isolation of the resulting dibromide (1
equiv. of DBN, ether, 0°)° gave the vinyl bromide 12!7
(75%). Lithiation without purification of 12 (1 equiv of n-
Buli, ether, —70°, 30 min), followed by reaction of the re-
sulting vinyllithium with 6-cyanohexanal, gave the allylic

2009

alcohol 13'7 (75%). Treatment of 13 with 1 equiv of thionyl
chloride in the presence of 2 equiv of pyridine in ether-hex-
ane, 1:1, at —20°, followed by addition of water, gave the
unsaturated aldehyde 14!7 (90%), which was reduced cata-
lytically (30% Pd/C, ethanol) to give after chromatography
from silica gel the desired aldehyde 15 (85%; 6 9.19 (d,
CH,O,ZJ = 5 Hz), 4.5 (t; CH(OELt),), 2.3 (t, CH,CN, J = 6
Hz).!

Reaction!? of the lithium salt (n-BuLi, THF, —70°) of
diethyl phenylthiomethylphosphonate!4 with 15 (=70° to
room temperature) produced the trans-vinyl sulfide 16!3
(75%; 6 6.29 (d, PhASCH=, J = 14 Hz), 572 (d of d,
SCHCH=, J = 14 and 8 Hz). Compound 16 underwent a
novel regioselective aldol cyclization upon treatment with
an aqueous acetic-trifluoroacetic acid solution (AcOH-
H,0-CF3;COOH, 2:1:0:01; at room temperature, 48 h) to
produce a 65:35 mixture of the epimeric aldehydes 17a,b!¢
(75%; ir 3420, 2245, 17.15 cm™!). The mixture of 17a,b was
converted (80%; (CH30),P(O)CH,CO-n-CsH;;, NaH,
DME) without purification, to the known enones 18a,b.!0

We are presently expanding the scope of this reaction
and its synthetic applications.
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Supplementary Material Avdilable: One table, listing NMR
spectrum 8 H values of various substituted ethylenes (1 page). Or-
dering information is given on any current masthead page.
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Evidence against Product Development Control as an
Important Factor in the Reduction of Ketones by
Simple and Complex Metal Hydrides

Sir:

All mechanisms concerning the stereoselective addition
or reduction of ketones assume that the entering’ group ap-
proaches the carbonyl carbon on a line perpendicular to the
plane of the carbonyl group so that maximum orbital over-
lap is achieved in the transition state. Dauben and co-work-
ers! coined the terms “steric approach control” and “prod-
uct development control” and suggested that these factors
are important in determining the stereochemistry of
LiAlH4 reduction of cyclohexanones. Steric approach con-
trol implies an early, reactant-like transition state in which
the entering group approaches the least-hindered side of the
ketone. Product development control implies a late, prod-
uct-like transition state in which the observed isomer ratio
reflects the stability of the product.

Eliel and co-workers?-> have cast doubt on the impor-
tance of product development control by studying competi-
tive rate experiments involving LiAlH4 and 3,3,5-trimethyl-
cyclohexanone. They have shown that an axial methyl
group in the 3 and/or 5 position retards the rate of axial at-
tack compared to 4-rerr-butycyclohexanone, whereas the
rate of equatorial attack remains essentially the same. This
observation is not consistent with that predicted by product

development control in which an axial methyl substituent
would be expected to retard equatorial attack. However, in
cyclohexanones other influential factors can be involved,
such as torsional strain,5 compression effect,” and confor-
mational changes.! We would like to report reduction stud-
ies of a model ketone system in which the above mentioned
effects are nonexistent so that steric approach control and
product development control can be evaluated independent-
ly of these other effects.

The ketone, 7-norbornanone (I), exhibits bridgehead hy-
drogen atoms in the 1 and 4 positions which eclipse the car-
bonyl group in the 7 position. This unique feature, unlike
that of the 2,6-diequatorial hydrogens in cyclohexanone
which lie 4-5° below the plane of the carbonyl group, elimi-
nates torsional strain or compression effect as a complicat-
ing factor in evaluating stereochemical data obtained from
this system. The fact that I is a rigid bicyclic system further
eliminates conformational changes in the substrate as a fur-
ther complicating factor. It is clear then the validity of the
concept of product development control involving the reac-
tion of LiAlH4 with ketones can be more rigorously tested
using this system.

(0] 0] 0

H H H
CH, H

o J H g CH,

I II I

The reaction of LiAIHy4 with I should produce the corre-
sponding alcohol at twice the rate that LiAlH,4 reacts with
IT to produce the syn-alcohol, provided that product devel-
opment control is not important in this reaction. If product
development control is important, then of course, the rate of
attack on II to produce the syn-alcohol should be decreased
due to the effect of the 2-exo-methyl group on the devel-
oping transition state (product development control).
Whether or not the 2-exo-methyl group is sufficiently bulky
to exert a valid test for product development control can of
course be evaluated by comparing the syn-anti alcohol ratio
when LiAlH4 is allowed to react with II. If the 2-exo-meth-
yl group exerts a significant steric effect in this system then
significally less anti-alcohol should be produced compared

Table 1. Reaction of LiAlH, and AlH, with Ketones I, I, and III in Ether and Tetrahydrofuran4

Products (%)4

Ratio? Recovered H._OH H._ _OH ™
hydride:ketone Ketone (%)¢ CH, H

Reducing Mass

Run agent Solvent 1 I I I I I H CH, Bllance
1 LiAlH, Et,0 6 - - 0 - - 95.0 - - 95.0
2 LiAlH, Et,0 - 6 - - 0 - - 93.7 - 93.7
3 LiAlH, Et,O - - 6 - - 0 - - 92.2 92.2
4 LiAlH, Et,0 0.25 0.25 - 60.6 80.4 - 275 13.9 - 91.2
S LiAlH, Ef,O 0.25 - 0.25 70.8 - 71.8 20.1 - 20.8 91.8
6 LiAlH, Et,0 - 0.25 0.25 - 74.3 590 - 14.2 28.9 88.2
7 LiAlH, Et,0 0.11 0.11 0.11 69.3 81.7 71.8 20.6 11.2 19.7 91.4
8 LiAlH, THF - 6 - - - - - 94.3 - 94.3
9 LiAlH, THF - 0.25 0.25 - 78.6 61.7 - 149 29.1 92.0
10 LiAlH, Et,O - 0.22 0.11 - 168.8 72.6 - 21.3 22.0 94.9
11 LiAlH, Et,0 - 0.16 0.04 - 3255 81.7 - 31.2 15.8 90.8
12 LiAlH, Et,0 - 0.04 0.16 - 89.3 321.7 - 4.1 35.7 90.2
13 AlH, THF - 6 - - - - - 96.3 - 96.3
14 AlH, THF - 0.25 0.25 - 70.9 62.7 - 158 304 90.0

@The hydride was added to 0.032 mmol of ketone at 25° for 2 h. ® Hydride:ketone = 6 is equivalent to LiAlH,:ketone mole ratio of
1.5:1. ¢Percent of each ketone recovered based on 100% relative to the hydride added. 9 Percent of each product based on 100% relative to

the amount of hydride added.
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