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ppm (NH,, broad, 2 H). The molecular weight was determined
to be 357 (caled for CocH N304, 357.31) by means of high resolu-
tion mass spectrometry.

Anal. Caled for Co0H:N3O4:  C, 67.22; H, 3.10; N, 11.76.
Found: C, 66.50; H, 3.16; N, 11.86.

Reaction of Compound 5a and Acetic Anhydride.—Acetic an-
hydride (9 ml) was added to a solution of 5a (0.2 g) dissolved in
pyridine (5 ml) and refluxed for 4 hr. After cooling, water (3
ml) was added to the reaction mixture; a crystalline precipitate
was formed. Recrystallization from glacial acetic acid gave 0.15
g of 4-acetamido-2-(3’-coumarinyl)-5-0x0-6-0xa-5,6-dihydro-
benzo[k] quinazoline, mp 312-313°.

Anal. Caled for CoH;3N;0s:  C, 66.16; H, 3.28; N, 10.52.
Found: C, 65.93; H, 2.99; N, 10.63.

4-Amino-2-(8’-methoxy-3’-coumarinyl )-7-methoxy-5-0xo-6-
oxa-5,6-dihydrobenzo[k]quinazoline (5b).—To a solution of
ethyl cyanoacetate (3.39 g, 0.03 mol) and 2-hydroxy-3-methoxy-
benzaldehyde (4.56 g, 0.03 mol) dissolved in ethanol (8 ml), am-
monium acetate (3.08 g, 0.04 mol) was added and refluxed for 20
min. A pale yellow crystalline matter precipitated out during
the reaction; this was collected and washed with ethanol and
then with water. Recrystallization from pyridine-water afforded
2.2 g (35%) of pale yellow crystals: mp 303-306°; v 3410,
3300, 3210 (NH,), 1735, 1700 (C==0), and 1640 cm ™! (5 NH,);
nmr spectrum (CF;CO.H) gave signals at 4.15 (OCHj, singlet,
6 H), 7.5-8.0 and 8.2-8.6 (coumarin ring, 7 H), 9.5-10.1 ppm
(NH,, broad, 2 H).

Anal. Caled for CpHi:N3Og: C, 63.31; H, 3.62; N, 10.07.
Found: C,63.21; H, 3.85; N, 9.85.

Reaction of Ethyl Cyanoacetate and Salicylaldehyde in Glacial
Acetic Acid at Room Temperature.—To a solution of ethyl cyano-
acetate (2.26 g, 0.02 mol) and salicylaldehyde (2.44 g, 0.02 mol)
in glacial acetic acid (5 ml), ammonium acetate (2.31 g, 0.03 mol)
was added and allowed to stand at room temperature. After 7
hr, a crystalline compound (B) separated; B was filtered off and
water was added to the filtrate; the deposited crystals were then
collected and recrystallized from ethanol-water to give 4.6 g of
3-ethoxycarbonylcoumarin, mp 92-94° (lit.” mp 94°). The

(7) E. Knoevenagel, Chem. Ber., 81, 2593 (1898).

AppitioN REacTions wiTH LiTHiuM DIALLYLCUPRATE 3615

compound B was recrystallized from glacial acetic acid to afford
0.3 g of 5a, mp 275-277°.

Reaction of Ethyl Acetoacetate and Salicylaldehyde.—To a
solution of ethyl acetoacetate (5.2 g, 0.04 mol) and salicylal-
dehyde (4.9 g, 0.04 mol) in ethanol (7 ml), ammonium acetate
(3.08 g, 0.05 mol) was added. After the reaction mixture was
refluxed for 1 hr, a crystalline precipitate was formed. The
crystals were collected and washed with methanol and dried. Re-
crystallization from pyridine gave 2.2 g (319,) of 2-(3’-cou-
marinyl)-4-methyl-5-oxo0-6-0xa-5,6-dihydrobenzo [k] quinoline (6):
mp 291-292°; nmr spectrum (CF;CO,H) revealed signals at 3.50
(CHs, singlet, 3 H), 7.5-8.5 (hetero ring, multiplet, 8 H), 9.13
and 9.4 ppm (hetero ring, singlet, 2 H). The molecular weight
determined by mass spectrometry was 356 (caled for CouH1sNOy,
355.33).

Anal. Caled for CpH;sNO.: C, 74.36; H, 3.69; N, 3.94.
Found: C, 74.59; H, 3.72; N, 4.00.

Registry No.—la, 21537-68-8; 1b, 21537-69-9;
1c, 21537-70-2; 1d, 21537-71-3; 2, 21545-00-6; 3a,
21545-01-7; 3b, 21545-02-8; 5a, 21545-03-9; 5b,
21537-66-6; 6, 21537-67-7; ammonium acetate,
1066-32-6; 2-(o-acetyloxyphenyl)-4-phenyl-10-oxa-5H-
benzo[glquinazoline, 21545-04-0; 2-(2'-acetyloxy-3'-
methoxyphenyl)-9-methoxy-4-phenyl-10-oxa-5H-benzo-
lglquinazoline, 21545-05-1; 4-acetamido-2-(3'-cou-
marinyl)-5-oxo-6-oxa- 5,6 - dihydrobenzo [A ]Jquinazoline,
21545-06-2.
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Although the conjugate addition of an allyl group from lithium diallylcuprate to 2-cyclohexenone (1) was suc-
cessful, the more hindered ketone, 3,5,5-trimethylcyclohexenone (2), underwent 1,2 addition with the same

reagent.

Attempts to effect or to catalyze the conjugate addition of acetylide anions or enolate anions to un-

saturated ketones by the presence of copper(I) derivatives were not successful.

The pronounced tendency of metal organocuprate
derivatives, e.g., LiCuR, where R = alkyl, vinyl, or
aryl, to add in a conjugate fashion to «,8-unsaturated
carbonyl compounds? raises the question whether the
conjugate addition of more stable carbanionic inter-
mediates could be catalyzed by copper(I) derivatives.
The answer to the question is of particular interest for
the allylic, acetylide, and enolate anions since the con-
jugate addition of these systems has substantial syn-
thetic utility (e.g., the Michael reaction®). A previous
study of the reaction of 2-cyclohexenone (1) with 8-
methylallylmagnesium chloride indicated that addition

(1) (a) This research has been supported by Grant No. AFOSR-68-1518
from the Directorate of Chemical Sciences, Air Force Office of Scientific Re-
search; (b) National Institutes of Health Predoctoral Fellow, 1966—-1969.

(2) See (a) H. O. House and W. F. Fischer, Jr., J. Org. Chen.., 88, 049
(1968); (b) H. O. House, W. L. Respess, and G. M. Whitesides, tbid., 81,
3128 (1966); (c¢) H. O. House, R. A. Latham, and C. D. Slater, ibid., 81,
2667 (1966); and references cited in these papers.

(8) E. D. Bergmann, D. Ginsburg, and R. Pappo, Org. Reactions, 10,
179 (1959).

of catalytic amounts of the ether-insoluble copper(I)
chloride did not yield a conjugate addition product;
only the alcohol from 1,2 addition was isolated.* In
this study we have synthesized allylic and acetylenic
copper(I) derivatives and have examined their behavior
as potential reagents for conjugate addition. Also, we
have examined one possible route to copper(I) enolates.

Reaction of cyclohexenone (1) with lithium diallyl-
cuprate (3) in ether solution at —70° did indeed pro-
duce the conjugate addition product 4 in 90-949
vield. The phosphine complex 8 of allylecopper(I) also
produced the adduct 4, but in very poor yield (10-159,)
accompanied by high molecular weight by-products.
This problem of high molecular weight by-products
was encountered earlier? when phosphine and phosphite
complexes of methylcopper(I) were allowed to react
with cyclohexenone derivatives. Thus, the lithium
cuprate reagents are generally more satisfactory

(4) L. Mandell and J. M. Brodmann, J. Org. Chem., 81, 591 (1966).
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as synthetic intermediates. However, even the cu-
prate 3 failed to react with the substituted cyclohexenone
2 to give any appreciable amount of the conjugate addi-
tion product 5; instead, we isolated the allylic alcohol
7, the 1,2-addition product. Similarly, Ab%-octal-2-
one (9) reacted with the cuprate 3 to produce a crude

0
R + (CH,—CHCH),Culi —
R R
LR=H 3
2 R=CH,
CH,CH=CH,
>dj<cHQCH—CH2 + R>ij\
R
4, R=H , 6R=H
§ R =CH, 7 R=CH,
CH,—CHCH,CuP(C,Hyn), C@
0

8 9

product which exhibited no appreciable carbonyl ab-
sorption in the infrared. Since both of these unsatu-
rated ketones, 2 and 9, react with either lithium di-
methylcuprate or methylmagnesium halide plus a
copper(I) salt to give good yields of the conjugate addi-
tion products (e.g., 5 with allyl replaced by methyl),?
it is clear that the copper(I) derivatives of allylic carb-
anions have a lesser tendency to undergo conjugate
addition than do the corresponding alkyl, vinyl, and
aryl derivatives.

CH,
t-Bu < /H |
C==C + (CH,),Culi — ¢-BuCHCH,COBu-¢
H/ \COBu-t 12
10 1

We observed no tendency for conjugate addition
with the lithium cuprate derivatives 13 and 14 derived
from lithium acetylides. Although both ketones 10
and 152 undergo ready conjugate addition of a methyl
group from the cuprate 11, reaction of either acetylide
13 or 14 with the ketone 15 yields predominately a
dimeric diketone. This diketone, believed to possess
structure 16, is presumably derived from formation

(CH,),
(CHy), (CH);
Q !
0 0

of an enolate ion from ketone 15 and subsequent Michael
addition to a second molecule of the unsaturated ketone.
Attempts to add the acetylide 13 to the ketone 10
(where enolate formate is unlikely) produced a crude
product which lacked carbonyl absorption in the in-
frared. The reaction mixture prepared from 2 equiv
of triphenylmethyllithium and 1 equiv of bis(di-n-
butyl sulfide)copper(I) iodide in 1,2-dimethoxyethane
solution was also treated with the unsaturated ketone

(RC EC)gCuLig
13, R=C:H;
14, R = n'C4Hg
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10; in this case the starting material 10 was recovered
quantitatively after a reaction period of 4 hr at —78
to 0°.

Finally, we examined briefly several Michael reac-
tions including the addition of diethyl sodio- and lithio-
malonates to cyclohexenone and the addition of the
lithium enolate of acetophenone to mesityl oxide. In
no case did the presence of a stoichiometric amount of a
copper(I) derivative [e.g., Cul, (n-Bu,S),Cul, or (n-Bu;-
P)Cul] in the reaction solution have any substantial
effect on the rate or produet distribution of the Michael
reaction.

From the foregoing observations, it would appear
that the tendency of cuprate species to undergo con-
jugate addition is retarded by the presence of carbon
ligands which could form reasonably stable anions.
It is not clear whether the loss of reactivity of these
species is actually attributable to the following dis-
sociation. However, it is appropriate to note that the

R:Cu==RCu + R~
17 18

previously suggested? mechanism involving initial
electron transfer from the copper species to the con-
jugated system would be more difficult if the dissocia~
tion indicated above were taking place. The reactivity
of various metal cuprates in coupling reactions with
alkyl halides also decreases as the attached earbon
ligands are changed to species (e.g., RC=C~ and
N=C-) which form relatively stable anions.5®

Experimental Section’

Starting Materials.—Previously described® procedures were
followed to prepare Et,O solutions of LiCuMe,, lithium diallyl-
cuprate, and the dilithium derivative of tris(phenylethynyl)-
cuprate. Commercial samples of cyclohexenone and isophorone
were used and 2,2,6,6-tetramethyl-trans-4-hepten-3-one (10),
mp 43.9-44.5°, was prepared by the aldol condensation of pivalde-
hyde with pinacolone.! The reaction of MeLi with PhyCH in
1,2-dimethoxyethane (DME) solution yielded PhyCLi.

Reaction of Lithium Diallylcuprate with Cyclohexenone Deriva-
tives. A. 2-Cyclohexenone (1).—To a cold (—78°) solution of
lithium diallylcuprate, prepared from 1.45 g (3.00 mmol) of
(n-BuyS),Cul and 6.00 mmol of allyllithium in 11.2 ml of Et,0,
was added 2.5 ml of an Et;0 solution containing 2.50 mmol of
2-cyclohexenone and a known amount of naphthalene (internal
standard). During the addition a red precipitate [presumably
allylcopper(I)}¢ separated, The mixture was allowed to warm
to 0° [during which time any unchanged copper(I) reagent de-
composed with the separation of metallic copper] and then was
partitioned between EtO and an aqueous solution (pH 8) of
NH; and NH,Cl. After the Et;O solution had been washed
(aqueous NaCl) and dried, it was concentrated and analyzed by

(5y H.O. Houseand W, F. Fischer, Jr., J. Org. Chem., 84, 3626 (1969).

(6) G.M. Whitesides, W. F. Fischer, Jr., J. San Filippo, Jr., R. W. Bashe,
and H. O. House, J. Amer. Chem. Soc., 91, 4871 (1969).

(7) All melting points are corrected and all boiling points are uncorrected.
Unless otherwise stated magnesium sulfate was employed as a drying agent.
The infrared spectra were determined with a Perkin-Elmer Model 237
grating spectrophotometer. The ultraviolet spectrs were determined with a
Cary recording spectrophotometer, Model 14, The nmr spectra were deter-
mined at 60 MHz, with a Varian Model A-60 nmr spectrometer. The
chemical-shift values are expressed in hertz or & values (parts per million)
relative to a tetramethylsilane internal standard. The mass spectra were
obtained with a CEC Model 21-130 or a Hitachi (Perkin-Elmer) mass spec-
trometer. The microanalyses were performed by Dr. 8. M. Nagy and his
associates. All reactions involving organometallic or strongly basic inter-
mediates were performed under & nitrogen atmosphere.

(8) (&) The characterization of this substance in our laboratories by Roger
W. Giese will be described elsewhere, Very brief descriptions of this ketone
have been given by (b) X, Dimroth and W. Mach, Angew. Chem., 80, 489,
490 (1968); and (¢) W. Rundel and K. Besserer, Tetrahedron Lett.,, 4333
(1968).
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glpc.? The crude product contained di-n-butyl sulfide (retention
time 11.2 min), 3-allylcyclohexanone (4) 14.8 min), and naph-
thalene (17.1 min); the calculated yields of the cyclohexanone 4
from two reactions were 90 and 94%. A collected® sample was
identified with a subsequently described sample by comparison
of ir spectra and glpc retention times.

After a cold (—70°) solution of 32.4 mmol of allyllithium?®® in
90 ml of Et:0 had been treated with 100 m! of a cold (—70°)
Et:0 solution of 12.7 g (32.4 mmol) of [(n-BusP)Cull],, the
resulting bright yellow suspension of the phosphine complex of
allylecopper(1) was treated with a solution of 3.20 g (32.4 mmol) of
2-cyclohexenone in 3 ml of Et;0. The resulting mixture was
stirred at —70° for 10 min and then subjected to the previously
described isolation procedure. The crude liquid product was
distilled in a short-path still to separate a fraction, bp 44-48°
(1 mm), which contained! 3-allylcyclohexanone (4) and a number
of more rapidly eluted materials thought to be various dienes
from 1,2 addition and dehydration. The crude product also
contained a substantial amount of unidentified higher molecular
weight material. In subsequent comparable reactions containing
an internal standard (naphthalene), the calculated!! yields of
3-allyleyclohexanone (4) ranged from 10 to 15%. A collected
sample of the allyleyclohexanone 4 was obtained as a colorless
liquid: ir (CCly), 1715 (C==0), 1640 (C=C), and 915 c¢m™!
(CH=:CH,); nmr (CCly), 5 4.7-5.3 (3 H, m, vinyl CH) and 1.1-
2.6 (11 H, m, aliphatic CH); mass spectrum, m/e (rel intensity)
138 (M T, 10), 97 (36), 69 (46), 55 (52), 41 (100), and 39 (30).

Anal. Caled for C,HO: C, 78.21; H, 10.21. Found: C,
77.94; H, 10.25.

A solution of 18.8 mg (0.13 mmol) of the allyl ketone 4 in 2.0
m] of EtOH was hydrcgenated at 25-30° (1 atm) over 7.2 mg of
a 59, Pd-C catalyst. After 45 min the uptake of H, ceased;
the crude liquid product, isolated in the usual way, contained!?
one major component. A collected!? sample of this component
was identified with the subsequently described sample of 3-
propyleyclohexanone by comparison of ir spectra and glpe
retention times.

The reaction of 81.5 mmol of n-PrMgBr and 5.3 mmol of Cul
and with 41.6 mmol of 2-cyclohexenone for 10 min yielded, after
the usual isolated procedure, 869, 3-propylcyclohexanone as a
colorless liquid: bp 51-53° (1.0 mm); =%p 1.4525 [lit."* bp
41-42° (0.7 mm); 72p 1.4530]; ir (CCl), 1720 ecm™1 (C=0);
nmr (CCl,), § 0.6-2.6 (m, aliphatic CH); mass spectrum m/e
(rel intensity) 140 (M ™, 11), 97 (100), 69 (23), 56 (22), 55 (59),
42 (22), 39 (28), and 27 (27).

B. 3,5,5-Trimethyl-2-cyclohexenone (2).—The red, insoluble
allylcopper(I), obtained from 1.45 g (3.00 mmol) of (n-Bu,S),Cul
and 3.00 mmol of allyllithium in 7.0 ml of Et,0 at —78°, was
washed with four portions of cold (—78°) Et,O and then dis-
solved in 5.0 ml of Et;O solution containing 2.50 mmol of allyl-
lithium. When 250 mg (1.82 mmol) of the ketone 2 was added
to the cold (—78°) pale yellow solution of lithium diallylcuprate,
an immediate red precipitate [allylcopper(I)] was observed. The
resulting mixture was allowed to warm to room temperature and
then subjected to the previously described isolation procedure.
Distillation of the crude product (320 mg of yellow liquid) in a
short-path still (6 mm and 60° bath) afforded 231 mg (71.4%)
of the alechol 7 as a colorless liquid, n2?p 1.4857, identified with
the subsequently described sample by comparison of ir and nmr
spectra.

An authentic sample of the alcohol 7 was obtained by reaction
of 104 mmol of allyllithium with 11.530 g (90 mmol) of the un-
saturated ketone 2 in 120 ml of Et;O at 0-25° for 30 min. The
crude organic product (19.8 g of yellow liquid) isolated in the
usual way after drying over Na,CO; was distilled in a short-path
still. A 6.0-g aliquot of the distillate (13.4 g or 83.6%,) was
fractionally distilled to separate 4.48 g of the pure alcohol 7 as
fractions, bp 52-53° (0.6 mm), n?p 1.4845-1.4851. A lower

(9) A glpe column packed with silicone gum, no. SE-30, suspended on
Chromosorb P was employed.

(10) Allyllithium for this reaction was obtained by reaction of tetrallyltin
[K. V. Vijayaraghavan, J. Indian Chem. Soc., 33, 135 (1945)] with n-butyl-
lithium in pentane. The pentane-insoluble allyllithium was collected and dis-
solved in Et:0.

(11) A glpc column packed with LAC-728 (diethylene glycol succinate)
suspended on Chromosorb P was employed.

(12) A glpe column packed with silicone gum, no. XE-60, suspended on
Chromosorb P was employed.

(18) G. F. Woods, P. H. Griswald, B. H. Armbrecht, D. I. Blumenthal,
and R. Plapinger, J. Amer. Chem. Soc., T1, 2028 (1949).
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boiling fraction, bp 40-52° (0.6 mm), n2?p 1.4866, appeared (ir
analysis) to be a mixture of the desired alcohol 7 and its dehydra-
tion products. The pure alcohol 7 is a colorless liquid: ir (CCl,),
3590, 3540, 3540 (br, free and associated OH), 1665, 1630
(C==C), and 910 em~! (CH=CH,); nmr (CCL), § 4.7-6.1 (4 H,
m, vinyl CH), 2.16 (2H, dof t, J = 7.1 and 2.2 Hz, allyl CH,),
2.13 (1 H, s, exchanges with D,0, OH), 1.66 and 1.64 (5 H,
partially resolved singlets, vinyl CH; and CH,), 1.42 (2 H, s,
CH.), 1.01 (3 H, s, CH3), and 0.93 (3 H, s, CH;); mass spectrum
m/e (rel intensity) 162 (58), 147 (82), 119 (71), 106 (39), 105
(100), 91 (48), 44 (65), and 41 (72).

Anal. Caled for CHy0: C, 79.94; H, 11.18. Found: C,
79.89; H, 10.93.

A comparable attempt to add lithium diallylcuprate to Alf-
octal-2-one yielded a crude reaction product with only very weak
ir absorption attributable to a C=0 function which contained
(glpe'?) at least four products; the ir and mass spectra of col-
lected!? samples suggested that only one minor component was a
ketone (ir 1710 em™!). The remaining products appeared to be
dehydration products of alcohol from 1,2 addition.

Reactions of Lithium Dimethylcuprate and the Dilithum
Derivative of Tris(thexynyl)cuprate. A. 2,2,6,6-Tetramethyl-
trans-4-hepten-3-one (10).—To a cold (0°) solution of LiCuMe,
[from 740 mg (3.9 mmol) of Cul and 7.8 mmol of MeLi in 12.5
ml of Et:0] was added 442 mg (2.63 mmol) of the ketone 10.
The formation of a red-brown color immediately after addition
was followed by the precipitation of MeCu within 5-8 seec.
After the resulting mixture had been stirred for 2 hr at 0°, the
usual isolation procedure separated the crude product as 380 mg
(79%,) of pale yellow oil which exhibited a single glpc peak;!?
none of the dihydro dimer®s derived from the radical anion of
ketone 10 was detected by glpe.’* The major product, the satu-
rated ketone 12, was collected? as a colorless liquid: ir (CCl,),
1710 em~1 (C=0); nmr (CCL), 8 1.7-2.4 (3 H, m, aliphatic CH),
1.10 (9 H, s, ¢-Bu), 0.86 (3 H, s,2-Bu),and 0.77 3 H, d, J = 6.3
Hz, CH;); mass spectrum m/e (rel intensity) 184 (M*, 1), 125
(100), 83 (42), 57 (97), 43 (30), and 41 (26).

Anal. Caled for C;H,O: C, 78.19; H, 13.13. Found: C,
78.16; H, 13.06.

Reaction of MeLi with 1-hexyne in Et.O afforded hexynyl-
lithium as a white solid which was insoluble in Et;O. A solution
of this lithium reagent in dioxane reacted with 1 equiv of Cul to
form the vellow insoluble copper(I) derivative. An additional 2
equiv of n-BuC==CLi was required to discharge the yellow color
of the copper derivative forming a partial solution with additional
white solid suspended in dioxane, suggesting that the reagent has
the composition (n-BuC=C);CuLi,. Reaction of this reagent
with the ketone 10 at 50° for 24 hr afforded a crude product (a
yellow oil) with no ir absorption in the 6-u region attributable
to a carbonyl function. Similarly, when the red-orange suspen-
sion obtained by adding 1.08 g (2.33 mmol) of (n-Bu,S).Cul to a
solution of 4.65 mmol of PhyCLi in 8.5 m] of DME at —78° was
stirred with 328 mg (1.96 mmol) of the ketone 10 for 4 hr at
—78°, the starting ketone 10 was recovered quantitatively
(glpe™).

When 4.65 mmol of the ketone 10 was stirred with 4.65 mmol
of PhyCLi in DME at 25° for 4 hr (red color of Ph;C anion di-
minished but not discharged) and then hydrolyzed, the reaction
mixture contained!#¥ the starting ketone 10 (249 recovery) but
no other lower molecular products such as the cis isomerss of
ketone 10, the saturated analog® of ketone 10, or the dihydro
dimer®s of ketone 10.

B. 5,5-Dimethyl-2-cyclohexenone (15).—To a partial solu-
tion-partial suspension of (n-BuC==C),Culi, [white solid from
486 mg (2.56 mmol) of Cul and 7.68 mmol of n-BuC=CLi) in
6.0 ml of dioxane] was added 91 mg (0.73 mmol) of the unsaturated
ketone 15. The mixture, from which a yellow-brown precipitate
settled immediately, was stirred at 25-30° for 10 min and then
subjected to the usual isolation procedure. The crude product
(106 mg) was recrystallized (pentane) to separate 56.1 mg (61.5%)
of material believed to be the diketone 16 as pale yellow needles:
mp 87.8-88.8°; ir (CCL), 1718 (C=0) and 1675 cm™* (con-
jugated C=0); nmr (CCL), §6.77 (1 H,d of t, J = 4.0 and 10.5
Hz, g-vinyl CH), 594 (1 H, d of t, J = 2.0 and 10.5 Hz, a-

(14) A glpc column packed with silicone gum, no. 8E-52, suspended on
Chromosorb P was employed.

(15) A glpe column packed with TCEP [1,2,3-tris(S-cyanoethoxy)pro-
pane] suspended on Chromosorb P was employed.
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vinyl CH), 1.2-2.5 (10 H, m, aliphatic CH), and four singlets
(3 H each, CH;) at 1.13, 1.06, 1.04, and 0.87; mass spectrum
m/e (rel intensity) 248 (MT, 11) 125 (22), 124 (25), 109 (100),
55 (23), 41 (36), and 39 (16).

Anal. Caled for CysH20,: C, 77.37; H, 9.74. Found: C,
77.08; H, 9.64.

A comparable reaction of 0.75 mmol of the unsaturated ketone
15 with an Et,0 solution of 1.5 mmol of (PhC=C);Culi; yielded

The Journal of Organic Chemistry

a crude reaction product which contained® PhC=CH and the
starting ketone 15 accompanied by two minor, higher molecular
weight materials and the major product, the previously described
diketone 16, identified by comparison of ir spectra and glpe
retention times.

Registry No.—3, 21500-57-2; 4, 20498-05-9; 7,
21436-26-0; 12, 14705-56-7; 16, 21436-17-9.

g-Keto Sulfoxides. VI.

into Di- and Tri-w-(methylmercapto)acetophenone.

Conversion of w-(Methylsulfinyl)acetophenone

Synthesis of

a-Hydroxy Aldehydes, a-Keto Thio Esters, a-Keto Esters, a-Hydroxy

Thio Esters, and a-Hydroxy Esters. The Chemistry of a-Keto Mercaptals!

GLEN A. RUSSELL AND LE0O A. OCHRYMOWYCZ
Department of Chemistry, Iowa State University, Ames, Iowa 50010
Received April 2, 1968

A convenient synthetic conversion of 8-keto sulfoxides to a-hydroxy aldehydes involves the sequence, RCOCH,-
SOCH; — RCOCH(CI)SCH; - RCOCH(SCH;), — RCH(OH)CH(SCH;), — RCH(OH)CHO. Convenient
syntheses of mandelaldehyde, atrolactaldehyde, benzilaldehyde, and 2-phenyl-2-ethylglycolaldehyde were de-
veloped. The a-chloro g-keto sulfides are readily converted to a-keto acetals. «-Keto mercaptals undergo
O-alkylations and O-acylations in the presence of base. Bromination of the a-keto merecaptal followed by hy-
drolysis yielded S-methy! phenylthioglyoxylate (CsHyCOCOSCH;). Reaction of phenylglyoxal methyl mer-
captal with methanesulfenyl chloride in the presence of base yielded w,w,w-tri(methylmercapto)acetophenone
which can also be converted to S-methyl phenylthioglyoxalate. A convenient synthesis of S-methyl thio-
mandelate is described: CsHsCOC(SCH;); — C:H;CH(OH)C(SCH;); — CeH;CH(OH)COSCH;. Bromination
of the methyl mercaptal of phenylglyoxal in basic solution in the absence of water leads to cis- and trans-1,2-
dibenzoyl-1,2-di(methylmercapto)ethylene, a product also formed in the pyrolysis of w-chloro-w-(methylmer-

capto)acetophenone.

The methylsulfinylecarbanion (CH;SOCH,™)? reacts
readily with a variety of electrophilic centers including
esters,®* aldehydes,**® epoxides, and nitriles (Scheme I,
also see Experimental Section).

ScHEME 1
gg‘}f;ﬁs RCOCH,SOCH,
— _ RC(=NH)CH,SOCH,
RCHO o + CHSOCH” — ¢ pon(oH)CH,SOCH,
RCHENCH, RCH(OH)CH,CH,SOCH,

The substituted sulfoxides are potentially important
in organic synthesis. B-Keto sulfoxides can be readily
converted by the Pummerer rearrangement to a-
hydroxy g-keto sulfides.? From these materials we
have demonstrated practical routes to seven of the nine
derivatives shown in Scheme II.

Scueme II
[CH,COCH(OH)SCH; |
e JSCH; CH,COCH,
C.H,CH(OH)CH.OH T .
C,H,;CH(OH)CHO ! CaH,COCH.OH
o <-+ C4H,COCH,SOCH, % C:H.COCHO
C.H,CH(OH)CO,H o C.H.COCO,C.H,
1’2 Bl r 3
C,H,CH(OH)COSCH, C.H,COCOSCH,
| CeH;COCH(Br)SOCH, |
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The present investigation was directed toward a
convenient synthesis of a-hydroxy aldehydes starting
from the 8-keto sulfoxides. In addition, new syntheses
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Results and Discussion

We initially attempted to prepare mandelaldehyde
from the B8-hydroxy sulfoxide available from the sodium
borohydride reduction of the B-keto sulfoxide (see
Scheme III).” However, 1-phenyl-2-(methylsulfinyl)-

Scueme IIT

NaBH. H,0*
CeH;COCH,SOCH; —— C:H;CH(OH)CH,SOCH; ———>
[CeH;CH(OH)CH(OH)SCH; —>
CsH;:CH(OH)CHO + CH;SH]

ethanol proved to be quite resistant to the Pummerer
rearrangement and foreing conditions produced either
w-hydroxyacetophenone or the dehydration product,
B-styryl methyl sulfoxide.” Treatment of the @3-
hydroxy sulfoxide with iodine gave only a low yield of
the hydroxy aldehyde although the 8-keto sulfoxide may
be converted to an a-keto aldehyde or a-keto acetal by
this procedure.?
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