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lution (24 hr at 77°, no isomerization observed after 24 hr
at 20°), a rapid process. Its instantaneous concentration,
hence, will be higher than that of 4a, permitting prepara-
tive separation. The ease of isomerization of 4a to 5a most
likely results from relief of steric strain on ring opening in
the 1,2-diphenyl derivative; no such (kinetic and thermo-
dynamic) driving force exists for the conversion of 4b to 5b.
A parallel situation can be found with the two ketones 6
and 1-hydroxy-2,3,3-triphenylcyclobuten-4-one.? While
the former converts with great ease® to the corresponding
triphenylnaphthol in boiling benzene, we have been unable
to achieve (kinetically and energetically disfavored) naph-
thol formation from the strongly chelated® 1-hydroxy de-
rivative under the same conditions.

Experimental Section

Friedel-Crafts Reaction of Perchlorocyclobuten-4-one
with Benzene. A. 24 Hr at 6°, The solution of 0.51 g (2.5 mmol) of
1116 in henzene (5 ml, predried and distilled from Na) was stirred
with 1.35 g (10 mmol) of freshly sublimed AlCl; for 24 hr at 6°
under dry Ny. The reaction mixture was shaken with ice-cold 0.1
M aqueous hydrochloric acid (25 ml) and benzene (25 ml), and the
organic phase was thoroughly washed with water and dried
(NasS04). Solvent removal under reduced pressure and chroma-
tography of the residue (silica gel, Merck 7734, fractionation moni-
tored by tlc) produced three fractions (eluents in parentheses),
which, after a single recrystallization from hexane, gave crude
product yields as stated.

Fraction I (hexane): 3-chloro-1,2,3,4,4-pentaphenylcyclobutene
(8), 0.21 g (17.9%). Three times recrystallized from hexane, the
compound melted at 153-153.5° (lit.2 mp 161°), undepressed on
admixture of authentic? 8.

Fraction II (1:1 hexane-benzene): 4-chloro-2,3-diphenyl-1-
naphthol (5a), 0.004 g (0.48%), mp 149-152° (no further recrystal-
lization attempted), undepressed on admixture of naphthol deriva-
tive (mp 150-153°) from previous work,* ir (KBr) 3503 (s), 3480
em™! (m) (von).

Fraction III (benzene): 1,2,3,3-tetraphenylcyclobuten-4-one (6),
0.50 g (53.7%). Twice recrystallized from hexane, the compound
had mp 128-129° (lit. mp 139,2 129-130° 3), undepressed on ad-
mixture of authentic® 6.

B. 1 Hr at 10°. An experiment was set up as under A, but was
conducted for 1 hr at 10°. Chromatographic work-up as before
yielded four slightly overlapping bands; these were rechromato-
graphed, and corresponding fractions were combined and once re-
crystallized from hexane to give the product yields stated.

Fraction I (hexane): 8, 0.003 g (0.26%).

Fraction II (hexane): 1,3,3-trichloro-2-phenylcyclobuten-4-one
(2), 0.018 g (2.9%). The faintly yellow crystals, once more recrystal-
lized from hexane, had mp 125-126°. Anal. Caled for C1oH5Cl50
(247.5): C, 48.52; H, 2.04. Found: C, 48.45; H, 1.91. Electronic spec-
trum Amax (EtOH) 301 nm (¢ 30,000); ir (KBr) 1798 cm™! (s)
(rc—0); mass spectrum m/e 246 (P* for 35Cl).

Fraction III (1:1 hexane-benzene): 1-chloro-2,3,3-triphenyl-
cyclobuten-4-one (4b), 0.005 g (0.6%), mp 129.5-130.5° (twice re-
crystallized from hexane). Anal. Caled for CgH;5C10 (330.8): C,
79.87; H, 4.58. Found: C, 80.00; H, 4.70. Electronic spectrum Amax
(EtOH) 310 nm (e 21,000); ir (KBr) 1777, 1773 ¢cm™! (s) (vc—0);
mass spectrum m/e 330 (P for 35Cl).

Fraction IV (benzene): 6, 0.075 g (8.1%).

Isomerization of 4b. A sample (0.002 g) of 4b recovered from
spectroscopic analysis was fused for 0.5 hr at 130° in a capillary
tube, and the solidified product, 2-chloro-3,4-diphenyl-1-naphthol
(5b), was once recrystallized from hexane: mp 145-148° (purity
not optimized), depressed on admixture of 5a; ir (KBr) 3470 cm™!
(s) (von), remaining details similar to, but not identical with, those
in spectrum of 5a; mass spectrum m/e 330 (P+ for 35Cl).
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In extension of recent studies! on the photochemistry of
various a-methylene ketones (1) we were interested in ex-
amining the photochemical behavior of the formally related
compounds bearing oxygen directly on the olefinic double
bond. These substances (2) are alkyl enol ethers of biacetyl,
and we were somewhat surprised to learn that such com-
pounds have never been described. The photochemical be-
havior of these systems ultimately proved disappointing,
but we report below an indirect procedure permitting



Notes

transformation of biacetyl into these rather unstable enol
ethers (2) by way of the related simple and mixed monoke-
tals 3 and 4.

ﬁ (") (0] (|)R
CH;—C—C—R CHS_C—(ﬁ —OR CHa——C—(f—CHg

|

CH, CH, OR
1 2 3
a, R=Me
O OCH, 0 OCH; b, R =Et
I I ¢ R=i-Pr
CH,—C—C—CH, CH,—C—CHCH,OCH;
d, R=n-Pr
OR e, R = n-Bu
4 5 f, R = sec-Bu

The dimethyl ketal 3a is readily available from direct ke-
talization of biacetyl with methanol, although the method
is essentially useless for higher members of the series.2 We
found that under carefully defined acidic conditions meth-
anol could be eliminated from 3a to furnish 2a in 65% yield.
Our best procedure involved dropwise addition of 3a to a
stirred melt of o-nitrobenzoic acid maintained at 170° and
80 Torr, with continuous distillation of the product from
the reaction mixture. Final purification of the distillate by
preparative vapor phase chromatography (vpe) furnished
analytically pure 2a. Although this enol ether is reasonably
stable as a dilute solution in inert solvent, even highly puri-
fied neat samples undergo noticeable polymerization when
stored overnight at —20°.

Exposure of 2a to aqueous acid gave biacetyl, while reac-
tion with dry acidic methanol led to efficient reversion to
3a with no detectable formation of the isomeric 3,4-dime-
thoxy-2-butanone (5) through competing Michael addition
to the double bond. These results suggested that simple
acid-catalyzed interchange of the methoxyl groups of 3a
with other alcohols might well proceed without complica:
tion and provide access to other ketals. This proved to be
correct. Treatment of readily available 3a with a variety of
alcohols in the presence of dry hydrogen chloride led to
good yields of simple and mixed monoketals 3 and 4.3 The
exact product composition varied somewhat with the alco-
hol used and with the reaction time. These products were
readily purified by preparative vapor phase chromatogra-
phy and fully characterized; in this way were prepared the
3,3-dialkoxy-2-butanones 3b-f and the 3-alkoxy-3-me-
thoxy-2-butanones 4c-f. Use of these ketals in the acid-
catalyzed elimination reaction now provided a route to
other enol ethers 2. Since methanol appeared to be prefer-
entially eliminated from the mixed ketals 4, the elimination
reaction could be carried out to advantage on the crude
mixture of 3 and 4 obtained by alcohol interchange. In this
fashion the isopropyl and propyl enol ethers 2¢ and 2d
were prepared. ‘

The methyl enol ether 2a was further characterized by
its Diels—Alder reaction with cyclopentadiene. As antici-
pated on electronic,* and probably to some extent steric,?
grounds, 2a is a considerably less reactive dienophile than
methyl vinyl ketone. At 120° it furnished a modest yield of
adducts 6 and 7 in the ratio 63:37. The stereochemistry of
these norbornenes could be assigned from their nmr spec-

OCH, COCH;,

COCH, OCH,;
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tra on the basis of the known chemical shift differences of
endo and exo substituents in related systems.5-7

Experimental Section

Materials and Equipment. Previous descriptions and com-
ments® apply with the following changes. Vpc columns used were
A, 30% SE-30, 10 ft; B, 25% Carbowax 20M, 10 ft. Nmr spectra
were obtained on a Varian HR-220 (220 MHz) or a Bruker HX-90
(90 MHz) spectrometer.

General Procedure for Alcohol Exchange with 3,3-Dime-
thoxy-2-butanone (3a). A 10-g sample of 3a2 was added to 500 ml
of dry alcohol through which hydrogen chloride had been bubbled
for 30 sec. In some cases 3A or 4A molecular sieves were added as a
water scavenger. The resulting solution was stirred for 48 hr at
room temperature. Solid Na,COj; (8 g) was then added and stirring
was continued for 24 hr; the solution was filtered and worked up
by distillation. The resulting mixture contained 3 and 4 which
were separated and purified by vpc on column A. Yields were
>90% for primary and ~75% for secondary alcohols. Characteriza-
tion data for each product are given below.

3,3-Diethoxy-2-butanone (3b): ir 3010, 1730, 1345, 1115, 1035,
and 940 cm™; nmr 6 1.18 (t,J = 7 Hz, 6 H), 1.23 (s, 3 H), 2.11 (s, 3
H), 3.40 (q, J = 7 Hz, 2 H), and 3.43 (q, J = 7 Hz, 2H).

Anal. Caled for CgH1604: C, 59.98; H, 10.07. Found: C, 59.83; H,
10.07.

3,3-Diisopropoxy-2-butanone (3c¢): ir 3000, 1730, 1370, 1100,
1075, and 940 cm™Y; nmr 6 1.02 (d, J =6 Hz, 6 H),1.04 (d,J =6
Hz, 6 H), 1.33 (s, 3 H), 2.13 (s, 3 H), 4.91 (septet, J = 6 Hz, 2 H).

Anal. Caled for C19H2003: C, 63.79; H, 10.71. Found: C, 63.97; H,
10.82. :

3-Isopropoxy-3-methoxy-2-butanone (4e): ir 3000, 1730, 1375,
1360, 1345, 1110, 1040, and 995 cm~; nmr 6 1.24 (d, J = 6.5 Hz, 6
H), 1.26 (s, 3 H), 2.11 (s, 3 H), 3.17 (s, 3 H), 3.83 (septet, J = 6.5
Hz, 1 H).

Anal. Caled for CgHy403: C, 59.98; H, 10.07. Found: C, 59.83; H,
10.04.

3,3-Dipropoxy-2-butanone (3d): ir 3000, 2960, 2900, 1730, 1345,
1110, 1060, 1040, and 980 cm~!; nmr 6 0.94 (t, J = 7 Hz, 6 H), 1.27
(s, 3 H), 1.55 (m, 4 H), 2.11 (s, 3 H), 4.20 (t,J = 7T Hz, 2 H), 4.22 (¢t
J =T Hz, 2 H).

Anal. Caled for C10H2003: C, 63.79; H, 10.71, Found: C, 64.02;
H, 10.81. :

3-Methoxy-3-propoxy-2-butanone (4d): 3000, 2960, 1730, 1360,
1340, 1110, 1060, and 985 cm™%; nmr 6 0.94 (t, J = 7 Hz, 3 H), 1.25
(s, 3 H), 1.55 (m, 2 H), 2.09 (s, 3 H), 3.15 (s, 3 H), 3.27 (m, J = 7
Hz, 2 H).

Anal. Caled for CgH1603: C, 59.98; H, 10.07. Found: C, 60.12; H,
10.12.

3,3-Dibutoxy-2-butanone (3e): ir 3000, 2970, 2910, 1735, 1120,
and 1060 cm™Y; nmr § 0.98 (t,J = 6 Hz, 6 H), 1.28 (s, 3 H), 1.48 (m,
8H),2.10 (;3H),3.34 (t,J = 6 Hz, 4 H).

Anal. Caled for C12H2403: C, 66.63; H, 11.18, Found: C, 66.77; H,
11.21.

3-Butoxy-3-methoxy-2-butanone (4e): ir 2995, 2960, 2900, 1735,
1370, 1350, 1120, and 1040 cm™%; nmr 6 0.96 (m, 3 H), 1.32 (s, 3 H),
1.50 (m, 4 H), 2.15 (s, 3 H), 3.22 (s, 3 H), 3.38 (m, J = 6 Hz, 2 H).

Anal. Caled for CoH1503: C, 62.04; H, 10.41. Found: C, 62.18; H,
10.54.

3,3-Di-sec- butoxy-2-butanone  (3f): ir 3010, 2970, 1730, 1375,
1105, and 980 cm™%; nmr 4 0.89 (m, 6 H), 1.04 (q, J = 3 Hz, 3 H),
1.12 (g, J = 3 Hz, 3 H), 1.33 (m, 3 H), 1.43 (m, 4 H), 2.11 (s, 3 H),
3.68 (m, 2 H). No attempt was made to separate the diastereomers
of 3f.

Anal. Caled for C12Hg405: C, 66.63; H, 11.18. Found: C, 66.54; H,
11.12,

3-sec- Butoxy-3-methoxy-2-butanone (4f): ir 3010, 2970, 1730,
1370, 1340, 1110, 1040, 1020, and 980 cm~1; nmr 6 0.89 (m, 3 H),
1.08 (t, J = 6 Hz, 3 H), 1.24 (s, 3 H), 1.43 (m, 2 H), 2.10 (s, 3 H),
3.10 and 3.14 (2 s, 3 H), 3.63 (m, 1 H). No attempt was made to
separate the diastereomers of 4f.

Anal. Caled for CoH1503: C, 62.04; H, 10.41. Found: C, 62.20; H,
10.51.

3-Methoxy-3-buten-2-one (2a). A stirred melt of 1 g of o-ni-
trobenzoic acid was maintained at 170° and 80 Torr in a flask fit-
ted with a dropping funnel and arranged for continuous distilla-
tion. To this was added dropwise 10 g of 3a. The distillate, a mix-
ture of 2a and 3a, was collected at —78° and could be stored over
4A molecular sieves at this temperature without change. 2a was
conveniently purified on column B: yield 65% (by calibrated vpc
and based on unrecovered 3a); ir 3000, 2950, 2840, 1710, 1620,



2930 J. Org. Chem., Vol. 39, No. 19, 1974

1365, 1350, 1299, 1145, 1045, and 835 cm™1; nmr 6 2.23 (s, 3 H),
3.63 (s, 3 H), 4.20 (d, J—2Hz 1 H), 5.05 (d, J = 2 Hz, 1 H); mass
spectrum m/e 100.0523 (M+, calcd for CsHgOs, 100.0523).
3-Isopropoxy-3-buten-2-one (2c¢). In the way just described
for 2a, 2¢ was prepared in 50% yield from a mixture of 3¢ and 4c
(2:3): ir 3000, 1720, 1610, 1355, 1280, 1140, and 1105 crn~!; nmr 6
1.27 (d, J = 6 Hz, 6 H), 2.15 (s, 3 H), 4.15 (d, J = 2 Hz, 1 H), 4.20
(septet, J = 6 Hz, 1 H), 5.06 (d, J = 2 Hz, 1 H); mass spectrum m/e
128.0843 (M*, caled for C;H;20,, 128.0837).
3-Propoxy-3-buten-2-one (2d). In the way just described for
2a, 2d was prepared from a mixture of 3d and 4d: ir 3000, 2970,
1715, 1615, 1370, 1355, 1300, 1150, and 840 cm™~%; nmr § 1.04 (t,J =
6 Hz, 3 H), 1.77 (dt, J = J3 = 6 Hz, 2 H), 2.20 (s, 3 H), 3.68 (t, J =
6 Hz, 2 H), 4.23 (d, J = 2 Hz, 1 H), 5.05 (d, J = 2 Hz, 1 H); mass
spectrum m/e 128.0860 (M*, caled for C;H;203, 128.0837).

Hydrolysis of Enol Ethers to Biacetyl. A solution of 2a (150
mg) in ether (15 ml) was treated with 10% aqueous HCI (0.5 ml) at
room temperature for 12 hr. Then 2 g of NasCO3 was added and
the ethereal layer was filtered and dried over 4A molecular sieves.
Solvent was removed by distillation, and biacetyl was isolated as
the only product by vpe on column B. The same results were ob-
tained with 2e.

Reaction of 2a with Methanol. Treatment of 2a with metha-
nolic hydrogen chloride following essentially the procedure de-
scribed above for alcohol interchange gave 3a as the only isolated
product.

endo- and exo-2-Methoxy-5-norbornen-2-yl Methyl Ketone
(6 and 7). A solution of 500 mg of 2a, 450 mg of cyclopentadiene,
and 10 mg of hydroquinone in 5 ml of benzene was heated in a
sealed tube at 120° for 48 hr. Solvent was removed, and bulb-to-
bulb distillation of the residue gave 465 mg (56%) of a mixture of 6
and 7 (63:37 by nmr). These were separated and purified on col-
umn B. Major isomer 6 showed the following properties: ir 3010,
2960, 1715, 1340, 1240, 1090, 1075, 1060, and 700 cm™% nmr § 1.50
(d,J = 13 Hz, 1 H), 1.54 (d, J = 13 Hz, 1 H), 1.78 (m, 2 H), 2.09 (s,
3H),218(d,J =6 Hz, 1 H), 2.86 (d, J = 6 Hz, 1 H), 3.02 (s, 3 H),
5.80 (dd, J1 = 3,J2 = 6 Hz, 1 H), 6.08 (dd, J1 = 3,J> = 6 Hz, L H);
mass spectrum m/e 166.0989 (M, caled for C1oH1405, 166.0993).
Minor isomer 7 showed the following properties: ir 3010, 1715,
1345, 1120, 1080, 1070, and 705 cm™!; nmr 6 1.07 (dd, J1 = 4,J2 =
12 Hz, 1 H), 1.27 (m, 2 H), 1.43 (m, 1 H), 1.95 (dd, J1 = 4, J2 = 12
Hz, 1 H), 2.14 (s, 3 H), 2.72 (m, 1 H), 2.98 (s, 3 H), 5.93 (dd, J; = 4,
Jo = 5.5 Hz, 1 H), 6.23 (dd, J; = 4, J2 = 5.5 Hz, 1 H); mass spec-
trum m/e 166.0947 (M*, caled for C1oH1405, 166.0993).

Registry No.—2a, 51933-10-9; 2¢, 51933-11-0; 2d, 51933-12-1;
3a, 21983-72-2; 3b, 51933-13-2; 3¢, 51933-14-3; 3d, 51933-15-4; 3e,
51933-16-5; 3f, 51933-17-6; de, 51933-18-7; 4d, 51933-19-8; 4e,
51933-20-1; 4f isomer A, 51933:21-2; 4f isomer B, 51933-22-3; 6,
51933-23-4; 7, 51933-24-5.
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We recently! reported the isolation of a naturally occur-
ring toxicant from Simmondsia californica and tentatively
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characterized its structure as 1a. We now wish to report the
definite establishment of structure 1b in which the configu-
ration of the cyano group is syn to the axial 8-glucosyl sub-
stituent.

R _R
Ggluc-O OH
OCH,

OCH,

0-B-gluc OCH,

R : ZOCH3

1
la, R, = CN;R,= H
b, R, = H;R,= CN

Acid hydrolysis of the parent glucoside in boiling 1 N
HCI for 1.5 hr produces, in addition to the previously re-
ported phenolic derivatives, an «,8-unsaturated lactone,
mp 138-140°, whose structure (2) is very closely related to

OH; H;
2

the starting glucoside. Satisfactory elemental analysis was
obtained, and its infrared absorptions at 1665 and 1755
cm™1 are consistent with the proposed structure.? The nmr
spectrum (Table I) permits unequivocal assignment of

Table I
Nmr Spectrum of 2 [(CD;),CO]

H1 é 598, d, Jl,g = 2 Hz

H:85.12, 8 lines, J1,0 = 2, Jo; = 11, Jss

H35158 q,ng—J34=J3 = 1H

H, & 2.52, complex, Js,s = 11, Jo,u = 6, Jys = 4 Hz

H; 5 3.90 (d), d, d (upfield half concealed by Hq), J4s
= 4, J:,,s = 2 Hz

H; & 3.83, complex (partially obscured by upfield half
of Hs), Js6 = 3, Jo,r = 3 Hz

H7 1} 490, t, Je,'z = J7,g = 3, J1,7 = (0 Hz

Hs55.03,d, J5,s = 3 Hz (31°)

-OCHy’s (6 H) ¢ 3.40, 3.44

= 6.5 Hz

stereochemistry (spin-decoupling techniques were used for
proton assignment). Protons Hy_5 neatly reveal their orien-
tation by the quartet exhibited by Hsz in which coupling of
the adjacent axial hydrogens as well as the geminal cou-
pling constant is 11 Hz. The observation that H; and Hy
possess a coupling of 2 Hz while that of H; and Hy~ is zero is
consistent with approximate 90° orientation of the C-Hy
bond with respect to the plane of the lactone ring. The ori-
entation of H; nearly within the same plane would result in
minimal coupling to Hj, as is found.® Hydrogens 6 and 7
are equatorially located.

The formation of lactone 2 must occur via initial hydrol-
ysis of the glucosyl residue as in Scheme I followed by ring
inversion to place the now equatorial hydroxyl group ex-
tremely close to the nitrile function. Under acid catalysis
ring closure may occur easily to give lactone from the ini-
tially formed imino ester.

The proximity of the nitrile function to any adjacently
located equatorial substituent no doubt is the cause of the
rather unusual stereochemistry in simmondsin (1b) itself.
To minimize the interaction of the glucosyl portion of the
molecule with the cyano group, the glycosidic linkage as-
sumes axial geometry even though this introduces 1,3-diax-



