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Abstract—A '>C NMR study of the spatial structures of some acyclic and cyclic ketene acetals (for example,
ketene dimethyl acetal and 2-methylene-1,3-dioxolane) has been carried out. The conclusions obtained are based on
observation of the effect of structural changes on the '*C NMR chemical shift of the 8 carbon on the ketene moity.
Since the extent of p-# conjugation and hence the '>C chemical shift of this carbon depend on the spatial orientation of
the alkoxy groups about the O-C(sp?) bonds, the shift concerned may be used as a measure of the planarity of the
system. The most stable rotamers of ketene dimethyl acetal are s-ciss-cis (planar) and s-cis.gauche (slightly
nonplanar), in the order of decreasing stability. For ketene dialkyl acetals, the relative stability of the planar s-cis,s-cis
form decreases with increasing bulkiness of the alkyl groups, but at least for primary and secondary alkyl groups, the
s-cis,s-cis rotamer appears to be the most favored species. The conformations of 5- to 8-membered cyclic ketene acetals
are discussed and compared with those of the corresponding cyclic vinyl ethers and hydrocarbons.

The most stable structure of dimethyl carbonate (1a) is
the planar s-cis,s-cis form, as shown by dipole mo-
ment,' IR and Raman spectra,”” dielectric® and elec-
tron diffraction® studies. The presence of small amounts
of other, less stable rotamers in liquid l1a has been
revealed by some recent measurements.>® The most
abundant of these minor rotamers has probably the's-
cis,s-trans structure with an enthalpy content of 11+
2kJ mol™' above that of the s-cis,s-cis form.*” Similarly,
the corresponding sulfur compound, dimethyl trithio-
carbonate, exists mainly as the s-cis,s-cis rotamer in the
gaseous'® and liquid"' states. The favor of the s-cis,s-cis
rotamer of dialkyl carbonates decreases as the bulkiness
of the alkyl groups in 1 increases: thus, the most stable
form of methyl t-butyl carbonate is said to be s-cis,s-
trans with the MeO group probably occupying the s-cis

configuration.*
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The structure of 1,1-di(methyltio)ethylene 2 has been
studied in the gaseous phase by electron diffraction and
in the solid and liquid phases by Raman spectroscopy.'
While the presence of only the s-cis,s-cis form could be
detected in the solid, three rotamers are probably present
in the liquid compound. These were thought to be the
8-cis,s-cis, s-cis,gauche and gauche,gauche forms, in the
order of increasing enthalpy content. In the liquid phase,
the enthalpies of the s-cis,gauche and gauche.gauche

rotamers were determined to be ca. 5 and 8 kJmol™’,
respectively, higher than that of the s-cis,s-cis form. In
the gas phase the s-cis,gauche form appeared to
dominate, probably because of a favorable entropy
factor.

To our knowlédge, the spatial structure of ketene
dimethyl acetal 3a or that of any of its derivatives has
not been studied experimentally. In the present work we
have prepared the following acyclic and cyclic ketene
acetals and studied their structures by >C NMR and 'H
NMR spectroscopy:
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Mo. X Y R! R?
33 H H Me Me
b H H Me i-Pr
¢ H H Et Et
d H H tBuCH, t-BuCH;
e H H iPr i-Pr
t H Me Et Et
g H ClI Et Et
h ClI Cl Me Me
i H H CHs==CH Et
i} H H CH~=CH CH==CH
k H H CH=C(Me) Me
1 H H CH=CMe) CHy=C(Mc)
Crzy- 3\‘3 ‘{
4
No. X Y nu(=ring size)
4 H H 5
b H H 6
¢ H H 7
d H H 8
e H Cl s
t C Q 5
g C C 6
h Cl Cli 7
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For comparative purposes, the >C NMR spectrum of
furan (7) was also recorded.

RESULTS AND DISCUSSION

Thermodynamic considerations. By analogy with the
most stable structures of 1a and 2, 3a might also be
expected to exist mainly as the s-cis,s-cis rotamer. This
view is supported by spectroscopic and thermodynamic
investigations on vinyl ethers, which have shown that the
most stable rotamer (the planar s-cis) of methyl vinyl
ether (8; R = H) has an enthalpy content ca. 4kJ mol™
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8

lower than that of the next stable rotamer, s-trans (see
Ref. 13, and the refs cited therein). Moreover, for a-
substituted methy! vinyl ethers (8; R # H), the enthalpy
of the s-cis rotamer has been determined to be ca.
12kJ mol™! lower than that of the next stable rotamer,
now a nonplanar gauche form'*'’ (it appears’® that the
above estimate of the enthalpy difference between the
gauche and s-cis forms is in reality too low by several
kJ mol™"). Since 3a may be regarded as an a-substituted
methy! vinyl ether with R=MeO, it seems that the
s-cis,s-cis form should be considered the most likely
structure of 3a. This reasoning, however, is not fully
conclusive in view of the possible steric interactions
between R and the Me group in the planar s-trans
rotamer of 8: if R = alkyl or aryl, the poor stability of the
s-trans form arises from heavy repulsive interactions
between these groups, whereas the corresponding inter-
action may be smaller, possibly even attractive for R =
MeO (Scheme 1). This can be inferred from the nature of
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the cis interaction between two groups across the C=C
bond of vinyl ethers, which is repulsive if the interacting
groups are alkyl or aryl groups, but which may be
attractive for interactions between an alkyl (aryl) group
and the O atom of an alkoxy group.'” Since it is hard to
say whether the Me--'OMe interaction shown in
Scheme 1 is stabilizing or destabilizing, the s-cis,s-trans
form cannot a priori be excluded as the most stable form
of 3a. On the other hand, it seems that the planar
s-trans,s-trans form and any of the nonplanar gauche
forms may be safely rejected as the most stable rotamer
of 3a, the former because of heavy steric crowding
between the Me groups and the latter because of a loss
of p—w conjugation energy in the nonplanar spatial ar-
rangement.

3C NMR chemical shift data. 1t is unlikely that the
spatial structures of 3a and the corresponding diethyl
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acetal 3¢ should differ essentially and thus conclusions
drawn on one of them should also apply to the other.
Assuming that 3¢ exists mainly as the (planar) s-cis,s-
trans rotamer, the introduction of a Me group at the 8
carbon of the C=C bond does not necessitate any change
in the spatial structure of the molecule (provided that the
Me group is introduced cis to the s-trans MeO group).
Thus the '*C chemical shift of the 8 carbon should
undergo a change attributable only to the a effect of the
Me group. In linear alkenes the a effect amounts to
ca.+10.8 ppm,' and in 8 Me-substituted vinyl ethers it
appears to be essentially the same (for example, in
2-ethylidenetetrahydrofuran it is +10.6 ppm'®). Since the
difference in the B carbon chemical shifts between 3f and
3c amounts to 20.6 ppm, it is clear that the additional Me
group in 3 has caused a change in the spatial structure of
the parent compound 3c. The conformational change
involved cannot be planar s-cis,s-cis —planar s-cis,s-
trans, since in this case the shift difference should be
around 13 ppm, arising from the a effect of the Me group
and a decrease in the through-space shielding effect of
the Et group on C-B (an s-cis EtO group has a shielding
effect of ca. 2ppm on C-B relative to an s-trans EtO
group®™). Thus it may be concluded that M exists in a
slightly nonplanar s-cis,gauche form, whereas 3¢ prefers
mainly the planar s-cis,s-cis structure. With still higher
certainty, it can be said that 3a is planar (s-cis,s-cis).
However, on going from 3a to 3b or 3e, the small but
significant increments in 8(C-B8) point to an increasing
nonplanar character of these compounds, although the
deviations from the planar s-cis,s-cis structure are likely
to be small.

It is improbable that the Cl atom in de should affect the
ring conformation (and thereby the degree of p-7 con-
jugation) to any significant amount and thus the
difference (12.5 ppm) between the C-8 shifts of 4e and 4a
may be taken as a pure a effect of the Cl atom in ketene
acetals. Since the corresponding shift difference between
3g and 3c amounts to 19.4 ppm, one may conclude that 3g
exists in a slightly nonplanar s-cis,gauche conformation,
which agrees with the structure deduced above for the g
Me-substituted compound 3.

From the shift data for 4t and 4a, the combined a
effect of the two Cl atoms in 4f is obtained as +22.6 ppm.
On the other hand, the apparent a effect of the Cl atoms
in 3h is +39.2 ppm, which is a clear indication of the
markedly nonplanar character of this compound. Thus a
gauche,gauche structure is proposed for 3h.

When the EtO groups in 3b are successively replaced
by vinyloxy groups to get 3i and 3§, the '*C chemical
shift of the 8 carbon of the original vinyl group increases
by ca. 5.5ppm for each vinyl group introduced. The
present compounds 3 and 3j are structurally related to
a-substituted diviny! ethers (9), which have been found®'
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to prefer a slightly nonplanar structure, and at least part
of the increased 8(C-g) values of 3 and 3j, relative to
that of 3¢, may also be ascribed to the same effect. There
is, however, another factor which may even have a more
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essential contribution to the decreased shieldings: on
replacement of an EtO group by a vinyl group, the latter
competes with the original vinyl group for p-m con-
jugation with the lone pair electrons of the O atom, thus
reducing conjugation in the original vinyloxy system. For
a-alkyl- or a-aryl-substituted divinyl ethers, the '*C
che..ical shift of the B carbon of the unsubstituted vinyl
group was found®' to be linearly related to the Taft's
polar substituent constant o* for R:

6(C-B)/ppm = (95.09 £ 0.05) + (1.27x0.13) k. (1)

By the above equation one calculates §(C-8) = 96.80 ppm
for the unsubstituted viny! group of 3i and 6(C-8)=
98.39 ppm for the corresponding carbon(s) of 3j (the o*
values of the EtO and CH=CHO groups were taken as
1.352 and 2.60°, respectively). The estimated shift
values are thus 1.5-1.8 ppm higher than those observed,
which suggests a better-than-expected conjugation in the
unsubstituted vinyloxy systems of these compounds.
Since also the B carbon of the ketene moiety absorbs at
a relatively high field pointing to a good conjugation with
the O atoms, one concludes that the heavy atom
skeletons in 31 and 3 are not far from full planarity.

On going from 3a to 3k and from 3k to 3I, the '°C
chemical shifts of the 8 carbon of the ketene fragment
increase by 11.9 and 10.2 ppm, respectively. The shift
increments are approximately twice as large as those
observed in the structural changes 3c-3i and 3i-3j.
Clearly, 3k and 3 are markedly nonplanar, the isopro-
penyl group(s) lying outside the plane formed by the

0

C=C/
No
penyloxy group(s) absorbs at a considerably lower field
than that in isopropenyl vinyl ether (8; R=Me, §=
80.73 ppm®'), in which p-m conjugation is unhindered,
one concludes that the O atoms interposed between the
unsaturated systems in 3k and 31 are not able to con-
jugate effectively with any of the adjacent o bonds.

Let us now turn to the cyclic compounds. The "*C
shieldings of the exocyclic C atom in methylenecyclo-
pentane, -hexane, -heptane and -octane are reported to
be 5 1049, 106.9, 110.8 and 111.4 ppm, respectively.*
Thus these signals are found 51.4, 41.8, 43.4 and 41.4 ppm
downfield from the corresponding signals of the respec-
tive heterocycles 4a-4d. Undoubtedly, the variation with
ring size of the shift difference A(C-8) between a methy-
lenecycloalkane and the corresponding heterocycle
arises from differences in the extent of p-7 conjugation,
which depends on ring conformation. It is of interest to
consider the changes in the position of the *C NMR
signal of the exocyclic C atom on going from methy-
lenecyclopentane or -hexane to the corresponding mono-
oxy or di-oxy derivatives as depicted in Scheme 2 (the
data for the mono-oxy derivatives are from Ref. 19). For
comparison, related data for some acyclic compounds
which are likely to be planar with unhindered p-7 con-
jugation (in the MeO derivatives) are also shown in the
scheme (the data are from Refs. 21, 25 and this work).
On going from methylenecyclopentane to 2-methyl-
enctetrahydrofuran and then further to 2-methyl-
ene-1,3-dioxolane (4a), the shift changes are essentially
equal in each step, although on the basis of the shift
changes accompanying the corresponding structural
modifications in the acyclic reference compounds one
might expect a slightly smaller shift decrement in the

system. Since also the 8 carbon of the isopro-
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Scheme 2. *Corrected for the through-space shielding
effect of the methoxy methyl group on 85(C-B) (see Ref.
20).
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latter step. Apparently, these effects are explainable by
conformational changes in the S-membered ring on
replacement of methylene groups by O atoms. Methy-
lenecyclopentane is known® to be nonplanar (“half-
chair”, Scheme 3), but a slight change toward planarity
should occur on going to 2-methylenetetrahydrofuran,
because of some relief of torsional strain between ad-
jacent methylene groups and because the stabilization
due to p-w conjugation is highest for a planar molecule.
The heterocycle in question, however, is not likely to be
completely planar, since the corresponding 2-oxo
derivative of tetrahydrofuran, y-butyrolactone, is non-
planar,” although the force (p-m conjugation) driving it
(a cyclic ester) toward full planarity should be markedly
stronger than that in vinyl ethers.”® On going to 4a, the
nonplanarity of the ring should reduce further, whereby
the two O atoms may conjugate more effectively with the
C=C bond, which gives rise to the unexpectedly high
decrement in the § value of the exocyclic C atom.
Apparently, 4a is still slightly nonplanar, which may be
inferred from the probable nonplanarity (half-chair con-
formation) of the corresponding 2-oxo derivative, 2-0xo-
1,3-dioxolane (ethylene carbonate).”

The corresponding shift changes in the series methyl-
enccyclohexane — 2-methylenetetrahydropyran - 2-
methylene-1,3-dioxane (4b) are even more amazing. In
the first step, the shift decrement is at least 10 ppm
smaller than that required by perfect p-= overlap in the
vinyloxy system, which is a clear indication of the non-
planar structure of the tetrahydropyran ring in the viny!
ether. Hence the most probable conformation of 2-
methylenetetrahydropyran is the chair form shown in
Scheme 3, the same as that of the corresponding carbo-
cycle,® although the ring of the heterocycle is probably
somewhat flattened.”” The essentially larger shift
decrement in the second step shows that the conjugative
power of the two O atoms with the C=C bond in 4b is
strong enough to override much of the destabilizing
forces tending to maintain the 6-membered ring non-
planar, and thus a marked flattening of the ring takes
place. The structure of the corresponding cyclic
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carbonate, 2-oxo-1,3-dioxane, has been scarcely in-
vestigated. From a 'H NMR study, a chair structure was
proposed for this comgound and several of its methyl-
substituted derivatives.”’ According to another study, the
ring exists in a chair conformation slightly flattened at
the O-C-O end.>* The latter conclusion agrees with what
might be expected on the basis of the results gathered in
the present work for 4b. An alternative (but less likely)
conformation of 4b and 2-0xo-1,3-dioxane is a half-chair
(Scheme 3), the probable conformation of §-valerolac-
tone and 4-o0xo-1,3-dioxane,’>>* though it appears that in
this conformation only one of the O atoms can conjugate
effectively with the C=C or C=0 bonds.

The shift data for 4c and 4d suggest that these
compounds assume conformations in which the ability of
the O atoms to conjugate with the C=C bond is ap-
proximately comparable to the situation in 4b. Thus one
might propose the twist-chair (TC) structure (the most
stable conformation of cycloheptane®) for 4c and the
boat-chair (BC) structure (the most probable confor-
mation of methylenecyclooctane™) for 4d, although the

o e

0-C-O ends of these compounds are probably more
flattened than in the hydrocarbons concerned (cf. the
structures of 4b and methylenecyclohexane).

The combined « effects of the two C! atoms in 4f, 4g
and 4h amount to +22.6, +22.5 and +20.1 ppm, respec-
tively. Thus it may be inferred that the Cl atoms in 4k
have led to a slight increase in p-w conjugation in the
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0
C=C< system, relative to the corresponding effects in
0]
4f and 4g. A possible explanation is that repulsive steric
interactions exist between the lone pair orbitals of the Cl
and O atoms in the TC conformation of 4h, but these
interactions are relieved if the O~C-O end of the mole-
cule is flattened, which allows a more efficient p-m over-
lap in the vinyloxy system. The same interactions are
probably present in 4g, but the higher rigidity of the
6-membered ring prevents any significant flattening.

In 5, the torsional strain between the Me groups linked
to the adjacent C atoms can be relieved by the ring
adopting a more twisted conformation, relative to that in
4a. The increasing nonplanarity of the S-membered ring
should, however, reduce p-w overlap and thus lead to a
downfield drift for the '’C NMR signal of the g carbon.
On the other hand, the higher electropositive polar
nature of the Me groups in § should increase p- con-
jugation® and thus have an inverse effect on §(C-g8). In
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the related compound 10, the polar effect of R' and R? on
§(C-B) may be expressed as follows:

8(C-B)lppm = (77.27£0.10)+(1.12£0.09) 3, o}. (2)

In the ketene acetal §, the polar effects of the Me groups
are transmiited via two O atoms, and thus replacement

Table 1. *C NMR chemical shifts (CDCl; solution, 8 values in ppm from internal TMS) for some ketene acetals

(38-6) and furan (7)
Compound  C-a® cg* Other carbons
36 16138 54,50 55.31 (Me0)
B 16477 57.37 70,17 (CB), 55.16 (Ma0), 21.77 (Me)
e 163,53 55.T5  63.63 (CH,), 14.50 (Me)
4 165.81 5653 T7.58 (CHy)s 31.71 (C)s 26,51 (Me)
o 162,19 59,90  70.09 (CB), 21.68 (Me)
£ 15821 75413 64416 and 6335 (2 CH,), 15.03 and 14.54 (2 Me), 934 (Me=Oe)
£ 15894 7513 64457 (2 CH,), 14.94 and 14,38 (2 Me)
B 156,02 93,73 5750 (Me0)
A 16307 61.25 146,04 (CA), 95.21 (GH,=C), 64.24 (CR,), 14.24 (Me)
4 16121 66,60  145.76 (CH), 96.57 (GBy=C)
k 162,11 66.44 156,67 (C)s 91.53 (GH,=C), 55.63 (ne0), 18,92 (Me)
1 15715 T6.59 156,02 (0), 93.32 (GH,=C)s 18476 (Me)
48 163,99 53.54  65.86 (cH,)
B 161,05 67.14  65.14 (0cHy), 24.37 (CH,)
o 16412  67.44  70.30 (0CH,), 26,98 (CHp)
4 163.86  69.9 T1.08 (0CH,), 29.76 (2 CH,), 25.08 (ca,)
o 160,23  66.01 68,87 and 66,79 (2 anz)
£ 156,59 16,10 68.14 (CH,)
& 152,16 89.64 66,27 (0cH,), 23.96 (CH,)
B 155.68 67,58  T1.82 (0CH,), 26.77 (CH,)
3 16166 53.T7  83.94 (0)s 21481 (%)
6 162,11 79.43  132.79 (C=5), 111411 (C~4), 57.83 (Me0)
1 142,62 (0-2), 109.56 (0=3)

%C— and C-f of the ketene moiety.
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Table 2. 'H NMR spectra (CCL solution, § values in ppm from internal TMS, coupling constants in Hz) for some

ketene acetals

Compound n-c;

i,

Other protons

38, 2.95 3,49 (Me0)

b, 3.0 4.2 (CH), 3.50 (Me0), 1.2 (Me)

% 2,93 3.72 (cuz, Loie 7.0)y 1426 (Me)

4 2.93 3432 (CH,), 0.97 (¥e)

e 3,07 4.18 (CH, P 6et), 1022 (Me)

£ 3.48 3.80 and 3,63 (2 OGH,), 146 (Me=C=C, I, €.4),
1425 and 1,20 (2 Mo, I, 7.0)

£ 4.47 3.95 and 3.74 (2 OCH,), 1.28 and 1.26 (2 Me)

B 3469 (Me0)

L 3e34, 3.20 6251 (B ), 4.66 (sp. L, 1oty Joog 107)y 4629

304)  (Hge doq, 640)s 3085 (0CR), 1034 (Mey L\, 7e1)

i 5052 6.43 (Hy)y 4075 (Hgs Lyrpny 13070 dggg 107D 4037
(aﬂ' Lot 6.0)

K 3.54, 3043 4026 and 4e14 (CeCByy J g, 108) 3457 (Me0), 1.84
(1)

1 3493 4039 and 4,19 (C=CH,, Igen 1.8), 1.85 (2 Me)

4 3,08 4411 (caz)

)3 3,208 3098 (OCH,y .2 ;. 6.0), 1497 (cu,)

3 3,20 367=39 (0CH,), 146=1.8 (cw,)

4 3,42 348=440 (om,‘,), 106=1.8 (cnz)

e 4.52 4.28 (CBy)

£ 4.41 (cHy)

£ 4013 (0CH,, Ig0 6,0), 2,06 (CH,)

b 4.0 (oca.‘,). 1.8 (cnz)

3 2.91 1421 (Me)

S 4.97 6.67 (B=Cy), 6.06 (8=C,)y 3074 (me)

Srhe proton(s) bound to the B carbon of the ketens molety

of the ring hydrogens in 4a by 4 Me groups should
decrease 5(C-g) by 2-1.12-(0.49+0.49 -0 - 0) = 2.2 ppm.
Since the experimental shift value for § is (53.77-
53.54+2.2)=2.4ppm higher than expected from pure
polar effects alone, it may be concluded that the ring in §
is really less planar than that in 4a.

From the shift data for 6 and 7, it is seen that the effect
of the MeO group in 6 on §(C-8) is —30.1 ppm, which is
essentially equal to the difference (~31.0 ppm) between
5(C-B) for 3a and methyl vinyl ether (6(C-8)=
85.52 ppm®'). Thus it is reasonable to conclude that 6
exists as the planar s-cis rotamer about the C(sp’}—OMe
bond.

'H NMR chemical shifts. Many of the general trends
outlined above on the basis of '°C NMR shift data are
also discernible in the 'H NMR shift values of the
proton(s) attached to the B carbon of the ketene moiety
(Table 2). This emerges particularly well for the cyclic
compounds 4a-4d: the olefinic protons of the 5-
membered heterocycle absorb at higher field relative to
those of the other compounds with larger ring size.
However, it may be noted that structural changes do not
always affect the 'H and '>C chemical shifts of the
terminal methylene group in a similar fashion. A good
example is provided by comparison of shift data for 4a
and 5: the '"'C NMR chemical shifts are almost identical,
whereas the proton shifts differ by 0.18 ppm, which may
be considered a significant difference in view of the
much more narrow range of the 'H absorbances.

CONCLUSION

The present results suggest that the most stable spe-
cies of ketene dimethyl acetal (3a) is the planar s-cis,s-cis
rotamer. The next stable rotamer has a slightly nonplanar
s-cis,gauche structure. These results are in agreement
with the results reported for the corresponding
thioacetal (2).'> For ketene dialkyl acetals, the relative
stability of the s-cis,s-cis rotamer decreases with in-
creasing bulkiness of the alkyl groups, but at least for
primary and secondary alkyl groups, the s-cis,s-cis
rotamer appears to be the predominant species.

EXPERIMENTAL

Materials. Compounds 3e-3e, 3g-3, 4a-4h and § were obtained
from the corresponding Cl-derivatives by dehydrochlorination
with solid KOBut, eg CICH,CH(OR)+KOBut—»
CH=C(OR), + KC1+1-BuOH. Unless commercially available,
the Cl-derivatives were prepared by conventional methods, usu-
ally transacetalization. Compound 3 was obtained from triethyl
a-bromoorthopropionate by metallic Na in benzene soln.®® 2-
Methoxyfuran (6) and furan (7) were commercial products. The
former was purified by distillation. The following b.ps were
observed: 3a 88-89°/760 torr, 3b 52-55°/38 torr (Cl-product 48-
50°/Ttorr), 3c 4%°/3Storr, 3d 71-73°9torr (Cl-product 95-
100°/12 torr), 3¢ 45-46°/11 torr (Cl-product S7°/7 torr), ¥ ca.
74°/94 torr (Br-product 73-80%/9-10torr), 3g 74-78°/23 torr, 38
79-94°/43 torr (Cl-product 55-72°/16torr), M 113-114°/771 torr
(Cl-product = chloroacetaldehyde ethyl 2-chloroethyl acetal 103-
102°/15 torr), 3] 25-29°/32torr (Cl-product = chloroacetakichyde
di-2-chloroethyl acetal 125-126%7torr), 3k+3 (a mixture)
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30°/10 tort, the compounds were separated by preparative GLC,
a mixture of the corresponding Cl-derivatives was prepared by
transacetalization from chloroacetaldehyde dimethyl acetal and
1-chloro-2-propanol but the components were not isolated prior
to dehydrochlorination, 4a was not isolated as a pure compound
(it polymerizes immediately) but as a mixture with the other
reaction product t-BuOH, b.p. 78-82°/760 torr (Cl-product 53—
55°123 torr), 4b 63°/60 torr (Cl-product 56-57°/T), 4c 39-40°/8 torr
(Cl-product 80°/14torr), 44 47-48°9torr (Cl-product 85-
86°/10torr), 4e see 4a (Cl-product 88-90°/25torr), 4 103-
111°/7torr (Cl-product 82-84°/8-14torr), 4g 98-99°/6torr (Cl-
product 95-97°/7 torr), 4h 103°/6 torr (m.p. 62-64°), Cl-product
125-126°/18 torr, § 72°/40torr (Cl-product 69°/6torr), 6 109-
110°/760 torr.

In many cases the ketene acetal was collected as a mixture
with t-BuOH. The alcohol could be removed from the mixture by
azetropic distillation with hexane (b.p. 65°), after which the pure
ketene acetal could be collected (unless it was too readily poly-
merizable to allow isolation in pure state).

3C and '"H NMR spectra. The carbon spectra were recorded
with a Jeol JINM-FX 60FT spectrometer at 15.03 MHz with
DCCl, as solvent and Me,Si as internal reference. The 'H NMR
spectra were taken on a Jeol-PMX 60 spectrometer at 60 MHz
with CCLy as solvent and Me,Si as internal reference. Sample
temperature was ca. 30° in each spectrometer.
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