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Cyclocondensation of Oxalyl Chloride with 1,2-Glycols
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Abstract Oxalyl chlonde reacts with a wide range of acyclhic 1,2-glycols 1 in the presence of triethylamme to
produce 1,3-dioxolan-2-ones 3 together with 14-dioxane-2,3-diones 2 Ethylene glycol (1d), monosubstituted
ethylene glycols e, )—, and erythro-1,2-disubstituted ethylene glycols 1f, m,o provide the cychic carbonates 3 as the
munor products, while the threo-compounds 1g,1,n,p,q and pmacol (1h) afford 3 as the mamn products The
formation of 3 may be rauonalized in terms of stereoelectronically controlled cleavage of the conjugate base 17- of the
tetrahedral intermediates The rate for the conformational change of 177 into 18~ and the equilibrium constant
between these conformers are proposed to be the mayor factors affecting the reaction pattern

Oxalyl chlonde normally reacted with alcohols,! amines,2 mercaptans,2 amino acids,2 hydrazines,?
ureas,23 thioureas,32 biurets,3» carbamates,? carboxamides,5 dithiocarboxamides, sulfonamides,” phenyl
methylphosphonamidate,8 carboximides,? carbodumides,!® 1sopropylcyanamide,!! 2,3-duminobutanedi-
mtrile,!2 imino ethers,!3 amidines,’ guamdines,!4 hydrazones,! nitrosamines,!6 N-arylnitrones,!? 1s0-
cyanates,!8 1sothiocyanates,!8 1sonitniles,!? benzophenone oxime,20 2,5-dihydroperoxy-2,5-dimethylhexane,2!
phenols,2? enols, 2 enol ethers,?# enol thioethers,2S enamines,26 1,1-diarylethylenes,2’ arylpropiolic acids,28
diazomethane,?9 phosphoranes,3® carbanions,3! organometals,3? and other nucleophiles33 to afford the
corresponding oxalic acid denvatives  In certain cases, products the same as those which would form from
phosgene were obtained 1:2.354.27324..34 The reaction of one mole of oxalyl chloride with two moles of N,N-
dimethylanthne at 0 °C afforded 4-(dimethylamino)phenylglyoxalyl chloride 1n quantitative yield, whle 4-
(dimethylamino)benzoyl chloride was formed at higher temperature, 4,4'-bis(dimethylamino)benzil and 4,4'-
bis(dimethylamino)benzophenone were also formed depending on the reacuon conditions 35 Similar
decarbonylative reactions were reported for m-dimethoxybenzene,3¢ triphenylamine,3? polynuclear aromatc
hydrocarbons,38 thiophenes,3 and pyrazoles,*® whereas more reactive pyrroles?! and condensed pyrrolest2
provided the corresponding 1,2-diketones 1n good yields In the presence of aluminum chlonde, alkylbenzenes
produced the benzoic acid denvatives,*3 while alkoxybenzenes provided the corresponding benzils 44 Despite
many reports on the decarbonylative reactions of oxalyl chlonide, the mechanisms have not been thoroughly
explored

In 1986, we found that the reactions of oxalyl chlonde with 1,2-glycols 1a—c 1n the presence of
tnethylamine afforded the cychc carbonates 3a—c nstead of the cyclic oxalates 2a—c (entnies 1—3 1n Table
1)45 There 1s only one precedent for the reaction of oxalyl chlonde with 1 leading to 3 Adams and Weeks
reported the formation of 3h from pinacol (1h) 1n the absence of base, while ethylene glycol (1d) afforded
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Cyclocondensation of oxalyl chlonde 10513

ethylene oxalate (2d) under similar conditions ! We confirmed the formation of 3h (28%) from 1h under these
conditions Apart from the formation of the carbonate 3, few 1,4-dioxane-2,3-diones (type 2)#6 denved from
1,2-glycols are 1n the hiterature notwithstanding that they are expected to be normal products of the reactions
between oxalyl chlonde and 1 Furthermore, 1t was surprising that there were only two precedents on the
reaction of 1 and oxalyl chloride 1n the presence of triethylamine, %62+ we concluded that the supposed products
2i,m,n were 1 fact 3i,m,n, as will be described below We accordingly felt that it was necessary to perform
systematic expeniments on the reaction of oxalyl chlonde with 1 We now report results of the reactions of 1
with oxalyl chlonde 1n tetrahydrofuran (THF) 1n the presence of tnethylamine 47

Scheme 1 represents the synthesis of the commercially unavailable 1,2-glycols 1 by the Wittig reactions
between appropnate aldehydes 5§ and phosphonium salts 6, followed by osmylation 48 Some of authentic cyclic
carbonates 3 were prepared from 1 by the action of phosgene

H H OH
=M 0s0; ) S
R? N-methylmorpholine HRH
- N-oxide )
R
gl Ph;P*CH,R?2 X"~ (6d,e) 4f— 1k Lo
H
CHO n-BuLa thszj
Sa—c H g OH OH
oo S\
d_{ H  N-methylmorpholine Q HH R
- N-oxide -
7h,i 1pq
aR'=H d.R*=H f R! =NMe,, R? =H
b R'=NMe, e R?=CHMe, g R'=NO;,R’=H
¢ R'=NO, h R!=H, R* = CHMe,

i R = NMe,, R? = CHMe,

Scheme 1

Carothers et al obtained monomeric ethylene oxalate (2d) by pyrolysis of its polymers, which were
prepared by heating ethylene glycol (1d) with diethyl oxalate 49 When we treated a solution of 1d in THF with
a slight excess of oxalyl chloride 1n the presence of an excess of triethylamine at 0 °C, the major products were
also suggested to be polymeric ethylene oxalates by NMR spectroscopy, 2d (72%) was obtained after pyrolysis
of the crude products, as shown 1n Table 1 (entry 4) A small amount of the carbonate 3d was also produced
Propylene oxalate [(1)-2e]32449 (66%) was similarly obtained by pyrolysis of the corresponding polymers
(entry 5) meso-2,3-Butanediol (1f) afforded the cyclhic oxalate 2f more than the polymers (entry 6)
Compounds 2d—f thus obtained were all susceptible to hydrolysis even 1n plain water, as already reported for
2f and (-)-2g,50 and rapidly decomposed on silica gel Progressive methylation of the carbon atoms of 1d
tended to cause increasing production of the carbonate 3 A simular trend was reported for the reactions of oxalyl
chlonde with 2,2-dibutyl-1,3,2-dioxastannolane series 32 Thus pinacol (1h) afforded the carbonate 3h 1n 24%
yield and the oxalate 2h 1n 0 8% yield (entry 8) Interestingly, 2h was stable enough for punfication by
chromatography on silica gel The yield of the carbonate 3 was more efficiently increased by substitution with a
phenyl group than with a methyl group (entry 10 vs entry 5), and was not largely affected by the electronic
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property of the p-substituent of the phenyl group (entries 10, 12, and 13), suggesting that the formation of 3
was mainly controlled by the steric bulk of the substituent of ethylene glycol Substitution with phenyl groups at
both the 1- and 2-positions of 1d further favored the formation of 3. Thus meso-hydrobenzomn (1m) produced
the cis-carbonate 3m 1n 29% y1eld (entry 14), and ()-hydrobenzoin [(+)-1n] gave the trans-carbonate (£)-3n 1n
58% yield (entry 15) Replacement of the phenyl group of In wath a bulkier isopropyl group further favored the
formation of the carbonate (1)-1p afforded (1)-3p 1n 84% yield (entry 17) Companson of the results,
obtained with three pairs of diastereomers [entry 6 vs. 7, 14 vs 15, and 16 vs 17], permats us to conclude that
the threo-compound more preferentially produces the cyclic carbonate 3 than the corresponding erythro-isomer
does, the highly selective formation of 3 was also realized 1n the reactions with other threo-compounds (entries
1—34% and 18) These results suggested that the structure (£)-trans-5,6-bis(bromomethyl)-1,4-dioxane-2,3-
dione {(£)-2i] had been wrongly assigned to the product from threo-1,4-dibromo-2,3-butanediol [(1)-1i] 4
The main product was 1n fact the carbonate ()-3i (entry 9)

Examination of the reaction mixtures, obtained from 1g,i—q, by NMR spectroscopy furnished evidence
for the formation of what we presumed to be the corresponding 2, we failed to 1solate these compounds by
means of chromatography because of their mnstability on silica gel We consequently concluded that the products
from hydrobenzoins, reported by White46® as 2m,n without charactenization, were probably 3m,n Of these
unstable cychic oxalates, 2j was successfully obtained without using chromatography; 2j polymerized on storage
even 1n the solid state, as reported for 2d 49 In the presence of 1j and triethylamine, 2j polymenzed rapidly 1n
THF Dilution with the solvent increased the yield of 2j with unchanged yield of the carbonate 3j (entry 10 vs
entry 11) These results suggest that the polymers were mainly formed through 2j Compound 2j 1s the first
example of cyclic oxalates haviag an aromatic substituent(s) at the skeletal framework

We next devoted our attention to the mechanism for the formation of the carbonate 3. Although Adams
and Weeks supposed that 3h was formed by the action of phosgene, which might be generated i situ,! 1t 1s
unlikely that oxalyl chlornide so rapidly decomposes to phosgene under such mild conditions as we employed,
furthermore, phosgene afforded (1)-3q 1n only poor yield 1n the reaction with (1)-1q, while oxalyl chlonde
provided the same compound 1n high yield under similar conditions (entry 18) Another possibility that 3 1s
formed through the oxalate 2, 1s also unlikely, because the prolonged reaction with 1j did not change the
product ratioc  We also confirmed that 2h, j did not produce 3h, j under conditions similar to those employed
for the reactions, from which 2h, j were obtained Davies et al proposed for the reactions with 2,2-dibutyl-
1,3,2-dioxastannolanes that the carbonates 3 were produced by cyclization of the alkoxyacylium intermediates
(type 10), which might be formed from the half esters of oxalyl chloride by dechlonnation followed by
decarbonylation 3% Scheme 2 exemplifies the analogous mechamsm (8n — 9 — 10 — 3n) for the formation
of the carbonate 3n The fragmentation of 8n to 10 may be important only when the transformation of 8n to the
cyclic oxalate 2n 1s retarded, the fact 1s that In was transformed 1nto 2n at a rate faster than that for the oxalate
diester formation from a monohydroxy compound 5! In addition, 1f such a mechamism were operative, the
carbonate ester 16 from a monohydroxy compound would be formed by the action of oxalyl chlonde we have
found no evidence for the formation of even a trace of the carbonate ester from such a compound, no matter
whether 1t 1s pnmary, secondary, or tertiary 5! We thus concluded that 10 could not be a true intermedhate for
the formation of 3n By the same reasoning, an alternatve pathway (8n — 11 — 3n) was also ruled out
Anyhow, none of these mechanisms give a satisfactory explanation to the difference 1n the reaction pattern
observed between the diastereomers
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Scheme 3 represents our mechamism proposed for the reaction of one mole of oxalyl chloride with two
moles of an alcohol The primary intermediate 12 wall produce the tetrahedral intermediate 13H It 1s most
likely that 13H dissociates nto the more reactive 13™ 1n the presence of methylamine (pKj 10 7552) because its
pKa may be esuimated to be 6 3—6 8 according to the method of pK;, prediction 52 The intermediate 13 exists
as a very rapidly equilibrated mixture of the conformers (13A)7, (13B)~, and (13C)~ According to the
theory of stereoelectronic control,53 the C—Cl bond 1n (13A)~ or (13B)" 1s cleaved because there 1s a non-
bonding electron pair onented antiperiplanar to this bond other than that of the oxygen amon, resulting in the
production of the oxalate ester 14 On the other hand, the C-C bond 1n (13B)~ or (13C)™ may be cleaved by
the assistance of such electron pairs of the chlonne and the oxygen atoms The C-C bond cleavage of (13B)~
or (13C)~ followed by decarbonylation would give rise to the chlorocarbonate ester 15 and the alkoxide,
recombination of these species produces the carbonate ester 16 The fact that monohydroxy compounds afford
neither 15 nor 16 reveals that the energy barrier for the C—C bond cleavage of (13B)™ or (13C)" 1s much
higher than that for the C—Cl bond cleavage of (13A)~ or (13B)~ If 13~ were restricted to the conformer
(13C)7, 1n which the C~Cl bond 15 not cleaved because there 1s no extra nonbonding electron pair oriented
antiperiplanar to this bond, the carbonate ester 16 would be formed Such a restricted conformer may be
possible for the cyclic intermediate 1n the reaction with an appropriately substituted diol

Roé—con
O, E o 0
R
12 13H ROECI + RO

15 16

R OPJOR

Scheme 3

(13A) (13BY (13C)”
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For the formation of the cyclic oxalate 2d and the cyclic carbonate 3d from ethylene glycol (1d), the
reaction of 8d in the next step will be itramolecular nucleophilic addition When perpendicular attack (107°
according to the hterature34) of the hydroxy group on the acyl chloride moiety proceeds from the side of the
plane of the conjugated carbony! system so as to form the chair-hke transition state, the tetrahedral intermediate
(17d)~, where the chlorine atom must be equatonally oriented because 8d mainly exists as the s-trans
conformer,55 1s produced The C-Cl bond 1n (17d)" 1s not cleaved because there 1s no extra nonbonding
electron pair oriented antiperiplanar to this bond, whereas the C—~C bond may be cleaved by the stereoelectronic
assistance of the electron pairs (shown as shaded) The formation of 3d may be interpreted as the result of the
C-C bond cleavage 1n (17d)” followed by decarbonylation leading to the formation of 19d Once (17d)~
conformationally changes into (18d)~, the C—Cl bond 1s cleaved to form 2d, having the assistance of the
electron pair of the oxygen (shown as shaded) The energy barnier for the breakdown of (17d)™ 1s thought to
be much higher than that of (18d)~ as in the case of the decay of 13~ It follows that the formation of 3d does
not compete with the formation of 2d, unless the rate of interconversion between (17d)” and (18d)™ 1s
retarded near the rate of breakdown of (17d)7, or unless the equilibrium between these conformers 1s
overwhelmingly favorable for (17d)” The tetrahedral intermediate (18d)~, in which the electronegative
chlorine atom 1s axially oriented, 1s probably more stable than (17d)” owing to the anomenc effect 56
Furthermore, (17d)” and (18d)~ exist 1n a rapidly established equhibnium As a consequence, 2d 1s produced
predominantly, this compound would undergo polymenzation under the reaction conditions

Loty 2!
o O =
8d (184d)"

3d 19d 2d
Scheme 4
0.
fj’o HO7 Me cl j\Me m’
0 —_— o =
(4]
Me
8¢ (17e¢)” (18e)”
Scheme 5

In the reaction of the monosubstituted ethylene glycol le, the first acylation will be dominant at the
primary hydroxy group37 to yield the intermediate 8e, which provides the secondary intermediates (17e)” and
(18e)” existing 1n a more slowly established equilibrium than that between (17d)” and (18d)™ owing to stenc
hindrance of the methyl group Furthermore, there 1s a 1,3-diaxal interaction between the chlorine atom and the
methyl group 1n (18e)” Probably, both factors are responsible for the igher yield of 3e than that of 3d The



Cyclocondensation of oxalyl chloride 10517

higher yields of other monosubstituted 1,3-dioxolan-2-ones 3j—I than that of 3e may be a reflection of these
steric effects enhanced by the bulkier substituent

The tetrahedral intermediate from erythro-hydrobenzoin (1m) will prefer the structure (17m)” to the alter-
native (20m)~ to avoid the 1,3-diaxial interaction The equilibrium constant for the conversion of (17m)” to
(18m)~ 1s greater than that of (17j)” to (18j)”, because the addiional phenyl group axially onented in
(17m)~ becomes equatonal in (18m)~ This 1s a factor increasing the yield of 2m The equilibrium between
(17m)” and (18m)~ 1s, however, established more slowly, though fast enough to allow the preferential
formation of 2m, because two phenyl groups are syn-periplanar to each other in the transition state
Consequently, the observed higher yield of 2j (entry 11) than that of 2m (entry 14) indicates that the latter factor
overcomes the former. It should be noted that the formation of 3f from erythro-1,2-butanediol (1f) was
suppressed to an appreciable extent, as compared with those from two other erythro-compounds 1m,0 This
may be due to the more rapidly established equilibrium between (17f)” and (18f)” owing to the smaller
substituents  The smaller substituents may also contribute to the formation of the less favorable intermedsate
(20f)~ Once (20f)™ 1s formed, even though to a slight extent, 1t will be smoothly converted into (21f)~, the
intermediate for the formation of 2f, because there 1s the favorable anomeric effect and no 1,3-diaxial interaction

8f.m (17f m)~ (18f,m)"
3f,m 2f,m
0 Cl 0. Cl Cl
O,
vo OH %
O/\ﬁ R 0
8f.m (20f,m)" (21f,m)"
Scheme 6

The interconversion of (17n)” and (18n)~, the intermediates from threo-hydrobenzoin (1In), takes place
more rapidly than that of the erythro-1somers, because the two phenyl groups do not pass each other duning the
conversion It follows that the preferential formation of 3n 1s a result of the equilibrium very unfavorable for
(18n)~ the two equatonal phenyl groups in (17n)” become axial in (18n)~ The same explanation 1s vahd for
the order of the observed yield of 3 paralleling the order of size of the substituents of the threo-compounds
1g,1,n,p.q

Scheme 7
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An explanauon for the preferential formation of 3h from pinacol (1h) must be sought in an entirely
different direction the result 1s ascribed to slow interconversion between (17h)™ and (18h)~ owing to their
fully substituted structures, because there 1s hitle difference 1n free energy between them

o Me Me
WMC —— Me
e
1 Me
Me Me
(17h)~ (18h)~ |
o Me M€ H  Me H Me Me
i \_(71<We a eMe b Me —» — Me
(4] 1 Me Me
Me Me Me Me
(l7h)H (18h)H 2h
‘ ﬁo HOY H Me l
€ = Me
M
e él Me
Me
(17h)H2 (18h)l‘l2+
Scheme 8

In the absence of base, the formation of 3h may be interpreted by assuming acid-catalyzed cleavage of the
tetrahedral intermediate [(17h)H — (17h)H,* — 3h]  Probably, the C—Cl bond of the tetrahedral
itermediate (18h)H 1s cleaved even 1n the neutral form, whereas the energy barrier for the breakdown of the
neutral conformer (17h)H 1s higher than that for the conformational change to (18h)H If this 1s the case, the
reaction pattern may be changed to produce 2h as the major product by using an appropriate base, which
prevents the formation of either (17h)” or (17h)H;* Results of the investigation along this ine will be
reported 1n a separate paper.

In conclusion, we have systematically explored the reactions of oxalyl chloride with 1,2-glycols 1 for the
first time, disclosing that formation of a cyclic carbonate 3 1n the presence of tniethylamine appears to be a
general reaction, and that 1,4-dioxane-2,3-diones 2 are common products despite a so far so limited number of
known compounds with this ring system We have also proposed the reaction mechamism, which 1s consistent
with the different reaction patterns observed with vanous types of acyclic 1,2-glycols 1 Recently, the formation
of the cyclic carbonate from a cyclic 1,2-glycol by the action of oxalyl chlonde was reported without a comment
on the reaction mechanism 38 Work 1s now 1n progress to test further the present mechamsm

EXPERIMENTAL

General Notes

All melting points were taken on a Yamato MP-1 or a Buch1 530 capillary melung point apparatus and are
corrected. IR spectra and mass spectra were recorded on a JASCO A-202 or a Shimadzu FTIR-8100 IR spectro-
photometer and a Hitach1 M-80 mass spectrometer NMR spectra were measured with JEOL JINM-EX-270 and
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JEOL JNM-GSX-500 NMR spectrometers with tetramethylsilane as an internal standard; unless otherwise
stated, TH-NMR spectra were recorded at 270 MHz and 13C-NMR spectra at 67.8 MHz. Microanalyses were
conducted by Mr. Y Itatam: and his associates at Kanazawa University Flash chromatography was performed
on silica gel according to the reported procedure 3% The following abbreviations are used. br = broad, d = dou-
blet, dd = doublet-of-doublets, ddd = doublet-of-doublets-of-doublets, ddq = doublet-of-doublets-of-quartets,
dqq = doublet-of-quartets-of-quartets, ds = doublet-of-septets, m = multiplet, s = singlet, t = triplet. Magnesium
sulfate was used for drying organic solutions, and they were concentrated under reduced pressure

4-(Dimethylamino)styrene (4f)

Compound 4f (1 50 g, 68%) was prepared from methyltnphenylphosphonium 1odide (6d X =1) (6 67 g,
16 5 mmol) and 4-(dimethylamino)benzaldehyde (5b) (2 24 g, 15 mmol), according to a procedure sumalar to
that described below for the preparation of 7h, followed by vacuum distillation, as a shghtly yellow oil, bpg 2
73—75 °C (11t 89 mp 15—16 °C), MS m/z 147 (M*), TH-NMR (CDCl3) § 2.96 (6H, s, NMe»), 5 02 (1H, dd,
J=1and 109 Hz) and 5 57 (1H, dd, / = 1 and 17 § Hz) (CH,), 663 (1H, dd, / = 109 and 17.5 Hz, CH),
6 68 (2H, m, aromatic protons ortho to NMez), 7 31 (2H, m, aromatic protons meta to NMe3)

4-Nitrostyrene (4g)

The Wittig reaction between 6d (X = Br) (10 7 g, 30 mmol) and 4-mtrobenzaldehyde (5¢) (4 53 g, 30
mmol) was carmed out 1n a manner similar to that described below for the preparation of 7h  The reaction
mixture was concentrated to a small volume, and the residue was partitioned between water and dichloro-
methane The aqueous layer was extracted with dichloromethane (2 x 50 ml) The organic layers were
combined, dried, and concentrated The residual semisolid was extracted with a mixture of hexane—ethyl acetate
(11, v/v) (80 ml) The extracts were concentrated, and the residue was purified by flash chromatography
{hexane—ethyl acetate (7 1, v/v)] to afford 4g6! (4 23 g, 95%) as a brown o1l, lH-NMR (CDCl3) 8 5 50 (1H,
d,J =109 Hz) and 593 (1H, d, J = 17 5 Hz) (CH), 679 (1H, dd, J = 109 and 17 5 Hz, CH), 7.54 (2H,
m, aromatic protons meta to NO,), 8 19 (2H, m, aromatic protons ortho to NO;)

(E)-3-Methyl-1-phenyl-1-butene (7h)

A 091 M solution of n-butyllithium 1n hexane (16 5 ml, 15 mmol) was added dropwise to a suspension of
(2-methylpropyl)triphenylphosphonium 10dide (6¢ X = I)62 (6 69 g, 15 mmol) 1n dry THF (150 ml) under
nitrogen at —78 °C over a period of 10 min  After being allowed to warm to 0 °C with sturing, the mixture was
again cooled to ~78 °C, and then benzaldehyde (1 53 ml, 15 mmol) was added. The temperature of the mixture
was allowed to nse to 0 °C, and strning was continued for a further 1 h  Water (100 ml) was added, and the
mixture was extracted with benzene (150 ml and 2 x 75 ml) The organic layers were combined, dned, and
concentrated The residue was extracted with hexane (20 ml) The solution was concentrated, and the residue
was distilled to afford a 5 5 1 muixture of the (Z)-1somer 4h63 and 7h as a colorless o1l (1 92g, 88%), bpag 80—
86 °C A solution of the mixture (1 45 g) and phenyl disulfide® (433 mg) 1n THF (50 m1) was refluxed for 15 h
under nitrogen and then for a further 22 h after addition of azobisisobutyronitrle (325 mg) The resulting
mixture was concentrated in vacuo, and the residue was extracted with hexane (5 ml) Flash chromatography
(hexane) of this solution afforded 7h63 (1 14 g, 69%) as a colorless o1l, lH-NMR (CDCl3) 8 109 (6H, d,J =
6 6 Hz, Me3), 247 (1H, m, CHMe;), 6 19 (1H, dd, J = 6 6 and 16 2 Hz, =CHCHMey), 6 34 (1H, d, J =
16 2 Hz, =CHPh), 7 18—7 37 (SH, m, Ph)

(E)-1-[4-(Dimethylamino)phenyl]-3-methyl-1-butene (7i)

The Wittig reaction between 6e (X = 1)62 (1 34 g, 3 mmol) and 5b (448 mg, 3 mmol) was conducted 1n a
manner similar to that described for the preparation of 7Th The resulting crude products were purified by flash
chromatography [hexane—ethyl acetate (5 1, v/v)] instead of distillation to afford a 2 6 1 mixture of the (2)-
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1somer 4i [{H-NMR (CDCl3) 8 105 (6H, d, J = 6 6 Hz, CMey), 2.95 (6H, s, overlapped with a 1H muluplet
due to CHMe,, NMe3), 5.31 (1H, dd, / =99 and 11 7 Hz, =CHCHMe3), 6.20 (1H, d, J = 11 7 Hz, =CHAr),
671 (2H, m, aromatic protons ortho to NMes), 7 19 (2H, m, aromatic protons meta to NMey)] and 7i asa
yellow o1l (494 mg, 87%)

The whole of the mixture of 4i and 7i, and phenyl disulfide®4 (114 mg, 0 52 mmol) were dissolved 1n dry
THF (20 ml) The solution was refluxed under mitrogen for 3 h, The resulung mixture was concentrated in
vacuo, and the residue was purified by flash chromatography [hexane—chloroform (4:1, v/v) to afford 7i65 (441
mg, 78%) as a yellow oil, MS m/z 189 (M*), TH-NMR (CDCls) 3. 1 07 (6H, d, J = 6.6 Hz, CMe;), 2 43 (1H,
m, CHMe3), 293 (6H, s, NMe,), 599 (1H, dd, J = 6 9 and 16 2 Hz, =CHCHMe3), 6.25 (1H,d, J =162
Hz, =CHAr), 6 82 (2H, m, aromauc protons ortho to NMey), 7 24 (2H, m, aromatic protons meta to NMez)

(1)-1-[4-(Dimethylamino)phenyl]-1,2-ethanediol [(+)-1k]

This compound was prepared by treating 4f (1 01 g, 6 86 mmol) with osmium tetroxide as described
below for the preparation of ()-1p, followed by flash chromatography [hexane—ethyl acetate (1 5, v/v)] yield
104 g (84%), mp 81—83 °C Recrystallization of crude (1)-1k from benzene afforded an analytical sample of
(1)-1K as colorless pillars, mp 82 5—83 5 °C, MS m/z 181 (M), 500 MHz !H-NMR (CDCl3) 8. 2 09 (1H, t,
J =55 Hz, CH,OH), 2 35 (1H, br, CHOH), 2 94 (6H, s, NMe,), 3 65—3 74 (2H, m, CHy), 4 72 (1H, dd, J
=45 and 7 3 Hz, CH), 6 72 (2H, m, aromatic protons ortho to NMej), 7 23 (2H, m, aromatic protons meta to
NMez) Anal Caled for C1oH1sNO2 C, 66 27, H, 8 34, N, 773 Found C, 66 20, H, 8.48, N, 7 68

(1)-1-(4-Nitrophenyl)-1,2-ethanediol [(%)-11]

Compound 4g (616 mg, 4 13 mmol) was treated with osmium tetroxide in a manner similar to that
described below for the preparation of (£)-1p Crude products were washed successively with benzene and
benzene—ethanol (10 1, v/v) to give (1)-11 (345 mg), mp 76 5—77 5 °C The mother liquor was concentrated to
a small volume, and the residue was punified by flash chromatography [hexane-ethyl acetate (1 5, v/v)] to afford
a second crop of (+)-11 (237 mg, the total yield was 77%), mp 73 5—78 °C Recrystallization of crude (1)-11
from benzene—ethanol (20 1, v/v) afforded slightly yellow needles, mp 77 5—79 °C (it %6 mp 79—81 °C), 1H-
NMR (CDCl3) 8 2 06 and 2 79 (1H each, br , two OH’s), 364 (1H,dd,J =79 and 11 2 Hz) and 3 85 (1H,
dd, /=33 and 11 2 Hz) (CHy), 495 (1H, dd, / = 3 3 and 7 9 Hz, CH), 7 57 (2H, m, aromatic protons meta
to NO»), 8 23 (2H, m, aromatic protons ortho to NO)

(R*,S*)-3-Methyl-1-phenyl-1,2-butanediol [(1)-10]

An expenimental procedure similar to that described below for the preparation of (1)-1p was employed to
oxidize a 5 5 1 mixture of 4h and 7h (1 92 g, 13 1 mmol) The crude products was recrystallized from hexane—
benzene (2 1, v/v) to afford colorless pillars (1 50 g), mp 95—97 °C Fractional recrystallizations of this
matenal from ethanol-water (1 2, v/v) afforded pure (1)-1o (the yield was 1 19 g, 44% based on 6e) as
colorless pillars, mp 102 5—104 °C (It 7 mp 103 2—103 9 °C), 500 MHz 'H-NMR (CDCl3) 8 097 and 098
(3H each, d, J = 6 4 Hz, Me3), 171 (1H, ds, J = 6 4 and 59 Hz, CHMe;), 1 74 (1H, d, J = 3 7 Hz, OH),
233 (1H, J =23 Hz, OH), 357 (1H, ddd, J =37, 59, and 6 6 Hz, CHCHMe,), 4 68 (1H, br, CHPh),
7 30—7 41 (5H, m, Ph)

(R*,R*)-3-Methyl-1-phenyl-1,2-butanediol [(£)-1p]

A 2 3% (w/v) solution of osmium tetroxide 1n tert-butanol (1 ml, 0 09 mmol) was added to a solutton of
7h (104 g, 7 11 mmol) and N-methylmorpholine N-oxide monohydrate (1 15 g, 8 51 mmo!) 1n a mixture of
acetone (35 ml) and water (35 ml) After the resulting solution was stirred at room temperature for 3 5 h,
sodium metabisulfite$® (1 79 g, 9 4 mmol) was added, and the whole was stirred for a further 20 min  The
mixture was extracted with dichloromethane (3 x 50 ml) after water (50 ml) was added The extracts were dried
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and concentrated The residue was washed with hexane (25 ml) to afford (£)-1p (1 03 g) as a colorless sohd,
mp 75 5—76 5 °C The washings were concentrated, and the residue was recrystallized from hexane to afford a
second crop of (£)-1p (61 mg, the total yield was 85%), mp 72 5—75 5 °C. Recrystallization of crude ()-1p
from hexane afforded an analytical sample of (£)-1p as colorless needles, mp 75 5—77 °C (lit 87 mp 73 6—
74 2 °C), MS m/z 180 (M*), 500 MHz 1H-NMR (CDCl3) & 095 and 096 (3H each, d, / = 6 8 Hz, CMe;y),
161 (1H,ds, J =45 and 6 8 Hz, CHMe3), 2 26 and 2 67 (1H each, br, two OH’s), 349 (1H, dd, J =45 and
6 4 Hz, CHCHMe.), 4 64 (1H, d, J = 6 4 Hz, CHPh), 7 35 (SH, m, Ph) Anal Calcd for C;;H40; C,
7330,H,895 Found C,7300,H, 909

(R*,R*)-3-Methyl-1-[{4-(dimethylamino)phenyl]-1,2-butanediol [(Z)-1q]

Compound (x)-1q (361 mg, 64%), mp 76—80 °C, was prepared from 7i (480 mg, 2 54 mmol) according
to a procedure similar to that described for the oxidation of 7h, followed by flash chromatography [hexane—ethyl
acetate (1 1, v/v)] Recrystallization of crude (+)-1q from hexane—ethanol (10 1, v/v) afforded an analytical
sample of (+)-1q as colorless needles, mp 79—81 °C, MS m/z 223 (M+), 500 MHz H-NMR (CDCl3) 8 092
and 095 (3H each, d, J = 6 9 Hz, CMe3), 158 (1H, dqq, / =69, 6 9, and 3 7 Hz, CHMe3), 2 32 and 2 35
(1H each, br s, two OH’s), 2 95 (6H, s, NMe3), 3 52 (1H, br dd, J = 3 7 and 7 3 Hz, CHCHMe,), 4 53 (1H,
d, J =7 3 Hz, CHAr), 6 72 (2H, m, aromatic protons ortho to NMe,), 7 22 (2H, m, aromatic protons meta to
NMe;) Anal Calcd for Ci3H21NO, C, 6992, H, 948, N, 627 Found C, 6986, H,951, N, 628

Preparation of the Cyclic Carbonates 3 of 1,2-Glycols 1 by the Reaction with Phosgene
The procedure for the preparation of (1)-3p using a phosgene solution 1in toluene was described 1n detail as
a typical example Unless otherwise stated, the other compounds were obtained 1n a similar manner

cis-4,5-Dimethyl-1,3-dioxolan-2-one (3f)

A 2 M solution of phosgene (1 5 ml, 3 mmol) was added to a cold solution of 1f (180 mg, 2 mmol) and
pyndine (1 ml, 12 mmol) in toluene (20 ml), and the mixture was stirred at 0 °C for 15 min The whole was
washed successively with water (10 ml), 5% aqueous citric acid (10 ml), and saturated aqueous sodium
bicarbonate (10 ml), dried, and concentrated to leave 3f5? (71 mg) as a colorless o1l The washings were
combined, brought to pH 4 by addition of 10% hydrochloric acid, saturated with sodium chlonde, and then
extracted with ether (3 x 20 ml) The extracts were dried and concentrated The resulting residue was purified
by flash chromatography (dichloromethane) to afford a second crop of 3f (105 mg, the total yield was 76%), MS
mfz 116 (M*), 117 (M* + 1), IR v'94 8™ 1 1799 (C=0), 'H-NMR (CDCl3) § 137 (6H, m, two Me’s),

max

4 85 (2H, m, two CH’s), I3C-NMR (CDCl3) § 14 6 (Me), 76 3 (CH), 154 9 (C=0)

(*)-trans-4,5-Dimethyl-1,3-dioxolan-2-one [(1)-3g]

This compound was obtained from (+)-1g (180 mg, 2 mmol) in 79% yield 1n a manner similar to that
described for the preparation of 3f Recrystallization of the crude product from hexane—ether (3 1, v/v) afforded
(+)-3g as colorless prisms, mp 36 5—38 °C (it mp 37 °C), MS m/z 116 (M*), 117 (M* + 1), IR VA cp-1
1779 (C=0), 500 MHz 'H-NMR (CDCl3) § 1 46 (6H, m, two Me’s), 4 34 (2H, m, two CH’s), 13C-NMR
(CDCl3) & 18 3 (Me), 79 8 (CH), 154 4 (C=0)

(%)-4-Phenyl-1,3-dioxolan-2-one [(1)-3j]

Compound (1)-3j (47 mg, 57%) was prepared from (£)-1j (69 mg, 0 5 mmol) by the reaction in THF (12
ml) at 0 °C for 1 h under nitrogen, followed by flash chromatography [hexane~ethyl acetate (3 2, v/V)]* a
colorless o1l, which crystallized on storage, mp 54—S55 °C {recrystallized from ether—pentane (1 1, v/v)] (lit 71
mp 55 7—56 7 °C), MS m/z 164 (M*), IR v:l:f' cm-! 1771 and 1778 (C=0), 'H-NMR (CDCl;3) 8 435
(1H,dd, J =79 and 8 6 Hz) and 4 80 (1H, dd, J =8 2 and 8 6 Hz) (CH,), 568 (1H, dd, J =7 9 and 8 2 Hz,
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CHPh), 7 31—7 51 (5H, m, Ph), 13C-NMR (CDCl3) 8 711 (CHy), 78 0 (CPh), 125 8, 129 2, 1297, and
135 8 (Ph), 154 8 (C=0)

(1)-4-[(Dimethylamino)phenyl]-1,3-dioxolan-2-one [(£)-3k]

The reaction of (£)-1k (363 mg, 2 mmol) using a 2 M solution of phosgene (1 1 ml, 2 2 mmol) was
carried out 1n toluene (40 ml) 1n the presence of triethylamine (1.4 ml, 10 mmol) at 0 °C for 1 h The resulting
suspension was washed with water, dried, and concentrated The restdue was punfied by flash chromatography
[hexane—ethyl acetate (3 2, v/v)] to afford (£)-3k (288 mg, 69%) as a yellow sohd, mp 116—118 °C
Recrystallization of crude (+)-3k from ether—dichloromethane (10 1, v/v) afforded an analytical sample of (1)-
3k as colorless pillars, mp 120—121 °C, MS m/z: 207 M), IR v:‘.'fl cm-! 1779 (C=0), 500 MHz 'H-NMR
(CDCl3) 8 298 (6H, s, NMe,), 4 37 and 4 70 (1H each, dd, J = 8 3 Hz each, CH3), 557 (1H,dd, /=83 Hz
each, CH), 6.72 (2H, m, aromatic protons ortho to NMey), 7 23 (2H, m, aromatic protons meta to NMey), 13C-
NMR (CDCl3) 8 403 (Me), 709 (CH3), 790 (CH), 112 2, 121 8, 127 9, and 151 4 (Ar), 1551 (C=0)
Anal Calcd for C1)H13NO3 C,6376,H,632,N,676 Found C,6373,H,632,N, 699

(£)-4-(4-Nitrophenyl)-1,3-dioxolan-2-one [(1)-31]

A 1 M solution of phosgene (0 88 ml, 0 88 mmol) was added dropwise to an 1ce-cooled solution of (£)-11
(147 mg, 0 803 mmol) and tniethylamine (0 25 ml, 1 8 mmol) in THF (15 ml) over a period of 5 min under
nitrogen Then the mixture was stirred at room temperature for 2 h  The resulting precipitate was removed by
filtration and washed with THF (10 ml) The filtrate and the washings were combined and concentrated. The
residue was dissolved in dichloromethane (15 ml), and the solution was washed successively with 5%
hydrochloric acid (5 ml) and saturated aqueous sodium bicarbonate (5 ml), dried, and concentrated to leave a
yellow solid, mp 89—90 5 °C  This was purified by flash chromatography [hexane—ethyl acetate (2 3, v/v)] to
afford (1)-31 (103 mg, 61%), mp 98 5—101 °C Recrystallization of crude ()-31 from ethanol afforded
colorless prisms, mp 101—101 5 °C (melted at ca 90 °C and resohdified), MS m/z 209 (M*), IR vz':fl cm-!
1798 and 1823 (C=0), 500 MHz 'H-NMR (CDCl3) 8 432 (1H,dd, /=7 3 and 8 8 Hz) and 4 90 (1H, dd, J
= 83 and 8 8 Hz) (CH;), 580 (1H, dd, J = 7 3 and 8 3 Hz, CH), 7 57 (2H, m, aromatic protons meta to
NO3y), 8.33 (2H, m, aromatic protons ortho to NO3), 13C-NMR (CDCl3) 8 70 6 (CH2), 76 4 (CH), 12455,
126 5, 142 7, and 148 6 (Ar), 154 0 (C =0) Anal Calcd for CgHJNOs C, 5168, H, 337, N, 670 Found
C,5174, H, 343, N, 669

(£)-cis-4-Isopropyl-5-phenyl-1,3-dioxolan-2-one [(1)-30]

This compound (135 mg, 66%) was obtained from (1)-10 (180 mg, 1 mmol) as colorless prisms, mp
65 5—66 5 °C [recrystallized from hexane-ether (1 1, v/v)], MS m/z 206 (M*), IR v::fl cm-! 1797 (C=0),
500 MHz 'H-NMR (CDCl3) 8 068 (3H,d,J =69 Hz) and 098 (3H, d, / = 6 4 Hz) (Me»), 1 63 (1H, dqq, J
=64,69, and 92 Hz, CHMe3), 4 54 (1H, dd, J =92 and 7 3 Hz, CHCHMe;,), 563 (1H,d, J =7 3 Hz,
CHPh), 7 30—7 42 (5H, m, Ph), 13C-NMR (CDCl3) & 17 8 and 18 6 (Me,), 28 2 (CHMe;), 81 2 (CHPh),
86 1 (CHCHMe,), 1271, 128 7, 129 5, and 133 5 (Ph), 1549 (C=0) Anal Calcd for C 2H;405 C, 69 89,
H, 6 84 Found C, 69 98, H, 6 87

(%)-trans-4-Isopropyl-5-phenyl-1,3-dioxolan-2-one [(1)-3p]

A 2 M solution of phosgene (0 55 ml, 1 1 mmol) was diluted with THF (4 ml), and added dropwise to an
ice-cooled solution of (1)-1p (180 mg, 1 mmol) and triethylamine (0 63 ml, 4 5 mmol) in THF (20 ml) over a
period of 5 min  Then the mixture was stirred at 0 °C for 15 min  The resulting precipitate was removed by
filtration and washed with THF (20 ml) The filtrate and the washings were combined and concentrated The
residue was dissolved in dichloromethane (15 ml), and the solution was washed successively with 5% aqueous
crtric acid (5 ml) and saturated aqueous sodium bicarbonate (5 ml), dned, and concentrated to leave a yellow o1l
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This was punified by flash chromatography [hexane—ethyl acetate (4.1, v/v)] to afford (£)-3p (164 mg, 80%) as
a colorless oil, MS m/z: 206 (M*), IR v'¥2 8™ cp1 1803 (C=0), H-NMR (CDCl3) 8. 1.00 3H,d,J =66
Hz) and 108 (3H, d, J = 6 9 Hz) (Mey), 2 06 (1H, dqq, J = 6.6, 6 9, and 6 3 Hz, CHMe;), 4.34 (1H, dd, J =
6 3 Hz each, CHCHMe;), 5 28 (1H, d, J = 6 3 Hz, CHPh), 7.33—7 44 (SH, m, Ph); 3C-NMR (CDCl;) &
170 and 17 5 (two Me’s), 31 6 (CHMe), 81 0 (CHPh), 88 3 (CHCHMe,), 126 2, 129 2, 129.6, and 136 8

(Ph), 154 5 (C=0)

(1)-trans-4-[(Dimethylamino)phenyl]-5-isopropyl-1,3-dioxolan-2-one [(1)-3q]

Compound (1)-1q (56 mg, 025 mmol) was treated with a 1 M solution of phosgene (1 38 ml, 1 38
mmol) in THF (6 ml) in the presence of triethylamine (0 6 ml, 4 3 mmol) at room temperature for 22 5h The
resulting precipitate was removed by filtration and washed with THF (40 ml) The filtrate and the washings
were combined and concentrated The residue was dissolved in dichloromethane (15 ml), and the solution was
washed with water (2 x 10 ml), dned, and concentrated to leave a yellow o1l This was punfied by flash
chromatography [hexane—ethyl acetate (3 1, v/v)] The faster moving substance was collected, and further
punfied by layer chromatography on silica gel [hexane—ethyl acetate (5 1, v/v)] to afford 1-[4-(dimethylamino)-
phenyl]-3-methyl-2-butanone (16 mg, 31%) as a shghtly yellow oil, MS m/z 205 (M#), IR viaudfim oo
1709 (C=0), TH-NMR (CDCl;3) 8 107 (6H, d, J = 6 9 Hz, CMe3y), 2 73 (1H, septet, J = 6 9 Hz, CHMe,),
293 (6H, s, NMe,), 3 63 (2H, s, CHz), 6 70 (2H, m, aromatic protons ortho to NMez), 7 06 (2H, m,
aromatic protons meta to NMe2)

Further elution of the column afforded a yellow o1l (6 mg) Although the 'H-NMR spectrum of the main
component of this matenal was identical with that of (1)-3q, which was obtained by the reaction of (1)-1q and
oxalyl chlonde, punfication of this compound was unsuccessful

Reactions of 1,2-Glycols 1 with Oxalyl Chloride in the Presence of Triethylamine

Every reaction was carried out using 0.1 molar excess of oxalyl chloride and results were summarized 1in
Table 1 Some representative reactions are described below 1n detail, the others were performed similarly under
the conditions specified 1n Table 1

Reaction of 1d

A solution of oxalyl chlonde (1 41 ml, 16 5 mmol) in THF (15 ml) was added dropwise to an 1ce-cooled
solution of 1d (931 mg, 15 mmol) and tnethylamine (6 3 ml, 45 mmol) 1n dry THF (60 ml) over a period of 10
min  The resulting mixture was stirred at 0 °C for 5 min  The precipitate that separated was collected by
filranon, washed with water (200 ml), and dnied to give the oxalate polymers (805 mg) as a yellow solid, mp
180—185 °C (dec ) (softened at 150 °C) The filtrate and the washings were combined and concentrated in
vacuo The residue was washed with chloroform (15 ml) to afford a second crop of the polymers (617 mg), mp
184—190 °C (dec ) (softened at 150 °C) A further crop of the polymers (136 mg), mp 165 °C (dec ) (softened
at 135 °C), was obtained from the mother liquor by concentration and washing with chloroform (3 ml) The
mother hiquor was concentrated, and the residue was purified by flash chromatography [hexane—ethyl acetate
(12, v/v)] to afford crude 3d (25 mg, 1 9%) as a yellowish o1l Recrystallization of crude 3d from ether
afforded colorless prisms (12 mg, 0 9%), mp 34 5—35 5 °C, whose chromatographic behavior and IR, 'H-
NMR, and !3C-NMR spectra were 1dentical with those of an authentic sample?2 prepared from 1d and
phosgene

Crude oxalate polymers were combined, and pyrolysis of these compounds was performed by Kugelrohr
distillation at 0 5—0 9 mmHg and 200—300 °C for 105 h 1,4-Dioxane-2,3-dione (2d) (1.26 g, 72%) was
obtained as a distillate, mp 134—135 5 °C (softened below this temperature) (it 32 mp 138—140 °C); v:':fl
cm-! 1760 (C=0), IH-NMR (CDCl3) & 467 (s, CHp)



Reaction of (%)-le

The reaction mixture obtained from (3)-1e (1 52 g, 20 mmol) was filtered, and the filter cake was washed
with THF (100 ml). The filtrate and the washings were combined and concentrated i vacuo to leave an orange
011 (330g) A portion (21 g) of this matenal was submitted to pyrolysis in a manner similar to that descnbed
for the preparation of 2d The distillate obtained below 135 °C at 1 mmHg was an equimolar mixture (109 mg)
of (+)-2e and (1)-3e (1)-5-Methyl-1,4-dioxane-2,3-dione [(1)-2e] (1 09 g, 66%) was obtained at 170—300
°C as a shightly yellow o1l (11t.49 mp 142 °C), MS m/z 131 (M* + 1), IR VP4 8Im ¢y 1 4780 (C=0), IH-NMR
(CDCl3) 8 151 (3H, d,J =66 Hz, Me), 446 (1H, dd, J = 8 6 and 129 Hz) and 4 55 (1H, dd, J =3 0 and
12 9 Hz) (CHy), 4 98 (1H, ddq, J = 6 6, 8 6, and 3 0 Hz, CH), 13C-NMR (CDCl3) § 159 (Me), 70 7 (CHy),
74 1 (CH), 1529 (C=0)

The rest (1 2 g) of the raw matenial was punfied by flash chromatography [hexane—ethyl acetate (1.1, v/v)
to afford (+)-3e (44 mg, 5 9%) as a colorless o1l, whose IR, H-NMR, and !3C-NMR spectra were identical
with those of an authentic sample2 obtained by the reaction of le and phosgene

Reaction of 1f

The reaction mixture obtained from 1f (318 mg, 3 53 mmol) was filtered, and the sohid was washed with
THF (40 ml) The filtrate and the washings were combined and concentrated in vacuo to leave a parnally
crystallized oily residue  The 'H-NMR spectrum of this sample showed about 20% of 1f remained unreacted
Kugelrohr distillation of this residue at 0 2—0 8 mmHg and 100—150 °C afforded an oily distillate (56 mg) and
a sublimate (336 mg), mp 67—71 °C The sublimate was extracted with boiling ether (40 ml). The extracts
were concentrated to afford cis-5,6-dimethyl-1,4-dioxane-2,3-dione (2f) (319 mg, 63%), mp 77—79 5 °C
Recrystallization of crude 2f from carbon tetrachlonde afforded an analyncal sample of 2f as colorless scales,
mp 79 5—80 5 °C (lit 5 mp 78 4—80 4 °C), MS m/z 145 M* + 1), IR VA¥®' cm-1, 1779, 1771, and 1759
(C=0), 500 MHz 'H-NMR (CDCl3) & 148 (6H, 4, J = 6 8 Hz, two Me’s), 4 87 (2H, m, two CH’s), 13C-
NMR (CDCl3) 8 150 (Me), 76 9 (CH), 153 2 (C=0) Anal Calcd for CsHgO4: C, 5000, H, 559 Found
C, 4984, H, 551

Repeated flash chromatography [hexane—ethyl acetate (1 1, v/v) and then with hexane—ether (2 5, v/v)] of
the oily distllate afforded 3f (15 mg, 3 7%) as a colorless o1, identical (IR and NMR) with an authentic sample

Reaction of (1)-1g

The reaction mixture obtained from (1)-1g (180 mg, 2 mmol) was filtered, and the solid residue was
washed with THF (40 ml) The filtrate and the washings were combined and concentrated to afford a mixture of
(£)-1g (ca 25%), (£)-2g,® (£)-3g, and the polymers. This was submtted to flash chromatography
(dichloromethane) to afford (+)-3g (81 mg, 35%), mp 34—36 °C This sample was 1dentical with an authentic
sample

Reaction of 1h

The reaction mixture obtained from 1h (1 18 g, 10 mmol) was filtered off, and the sohd was washed with
THF (100 ml) The filtrate and the washings were combined and concentrated in vacuo The residue was
dissolved 1n dichloromethane (120 ml), and the solution was washed successively with water (40 ml) and
saturated aqueous sodium bicarbonate (30 ml), dried, and concentrated The residue was then punfied by flash
chromatography [hexane—ethyl acetate (2 1, v/v)] 4,4,5,5-Tetramethyl-1,3-dioxolan-2-one (3h) (346 mg,
24%), mp 173—179 °C, was obtained as the faster moving component From the fractions containing the
slower moving component, 5,5,6,6-tetramethyl-1,4-dioxane-2,3-dione (2h) (14 mg, 0 8%), mp 108—1105
°C, was obtaned after recrystalhization from ether Further elution of the column afforded 1h (119 mg, 10%)

Recrystallizauon of crude 3h from ethanol followed by sublimation at 0 5 mmHg and 80 °C afforded an
analytical sample of 3h as colorless pnisms, mp 178—179 °C (it ! mp 176—177 °C), MS m/z 145 (M*+ + 1),
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IR V¥l cm-1 1779 (C=0), IH-NMR (CDCl3) § 141 (s, Me), 13C-NMR (CDCl3) 8 22 3 (Me), 85.9(CMe),
1539 (C=0) Anal Calcd for C;H 203 C, 5832, H, 839 Found C, 58 05; H, 8 59.

An analytical sample of 2h was obtained by recrystallization of crude 2h from ether as colorless prisms,
mp 1105—1115 °C, MS m/z 173 M* + 1), IR v::;’:l cm-! 1774, 1763, and 1751 (C=0), 'H-NMR
(CDCl3) 8 154 (s, Me), 13C-NMR (CDCl3) 8 237 (Me), 85 6 (CMe3), 153 3 (C=0) Anal Calcd for
CsH1204° C, 5581, H,702 Found C, 5581, H, 705

The carbonate 3h was not formed when the oxalate 2h was treated with oxalyl chlonde 1n the presence of

trethylamine and 1ts hydrochlonde in THF at room temperature for 5 d.

Reaction of (1)-1i

According to the reported procedure,*6: the reaction of (1)-1i (496 mg, 2 mmol) and oxalyl chlonde (0 18
ml, 2 1 mmol) was conducted 1n dry dichloromethane The resulting solution was concentrated to a small
volume, and the residue was washed with ethyl acetate (50 ml) The washings were concentrated in vacuo to
afford a mixture of (L)-trans-4,5-bis(bromomethyl)-1,3-dioxolan-2-one [(1)-3i], (*)-trans-5,6-bis(bromo-
methyl)-1,4-dioxane-2,3-dione [(1)-21] [lH-NMR (CDCl3) 8, 5 07 (m, CH)], and the polymers ['H-NMR
(CDCl3) 8, 5 30—5 70 (m, CH’s)] Flash chromatography (dichloromethane) of the residue afforded ()-3i
(316 mg, 58%) as a slightly yellow solid, mp 74—75 °C Recrystallizaton of crude (1)-3i from ether afforded
an analytical sample of (1)-3i as colorless prisms, mp 74 5—75 °C [lit 46 mp 76—77 °C for the product
thought to be (+)-2i], MS m/z 272, 274, and 276 (M®), IR VA2 cm-1- 1787 and 1799 (C=0), 500 MHz 'H-
NMR (CDCl3) 8 3 63 (4H, m, two CHy’s), 4 77 (2H, m, two CH’s), 500 MHz 'H-NMR (CD,Cl;) & 3 58—
373 (4H, m, two CHy’s), 4 77 (2H, m, two CH’s), 13C-NMR (CDCl3) 8 31 3 (CHy), 77 6 (CH), 1529
(C=0) Anal Calcd for CsH¢Br,03 C, 2193, H,221 Found C,2201,H,217

Reaction of (%)-1j

From the reaction muxture obtained from (1)-1j (1 11 g, 8 03 mmol), the precipitate was removed by
filtration and washed with THF (50 ml) The filtrate and the washings were combined and concentrated to a
small volume The oily residue was crystallized by treaung it with a small volume of benzene The solid was
collected by filtration and washed with benzene to afford (+)-5-phenyl-1,4-dioxane-2,3-dione {(2)-2j] (569 mg,
37%), mp 120—124 °C The filtrate and the washings were combined and concentrated The residue was
dissolved 1n dichloromethane (20 ml), and the solution was washed successively with water (5 ml) and saturated
aqueous sodium bicarbonate (5 ml), dried, and concentrated The oily residue was punfied by flash
chromatography [hexane—ethyl acetate (3 2, v/v)] to afford (£)-3j (182 mg, 14%) as a colorless o1, 1dentical
(IR) with an authentic sample

Recrystallization of crude (+)-2j from benzene afforded an analytical sample of (+)-2j as colorless prisms,
mp 124—125 °C, MS m/z 192 (M¥), IR VA2 cm-1 1758 and 1780 (C=0), 'H-NMR (CDCl3) 8 4 64 (1H,
dd,J =33 and 129 Hz) and 4 71 (1H, dd, J =92 and 129 Hz) (CHy), 5 86 (1H, dd, / = 33 and 9 2 Hz,
CHPh), 7 46 (5H, m, Ph), 13C-NMR (CDCl3) & 70 8 (CH,), 78 8 (CHPh), 126 3, 129 3, 130 2, and 1313
(Ph), 152 7 and 152 8 (two C=0’s) Anal Calcd for C;oHgO4 C, 6250, H,420 Found C, 6252, H, 420

The oxalate (£)-2) did not change 1nto the carbonate (t)-3j on treatment in THF at room temperature 1n the
presence of triethylamine for 18 h, or in the presence of trniethylamine and its hydrochlonde for 30 h  After
storage at room temperature for one year, (1)-2j polymerized to a considerable extent

Reaction of (1)-1k

The precipitate, that separated from the reaction mixture obtained from (1)-1k (37 mg, 0 2 mmol), was
removed by filtration and washed with THF (20 ml) The filtrate and the washings were combined and
concentrated 7 vacuo to afford a tarry residue, which contained (z)-5-[4-(dimethylamino)phenyl}-1,4-dioxane-
2,3-dione [(2)-2k] [!H-NMR (CDCl3) 8 456 (dd, J =3 and 129 Hz) and 471 (dd, / =99 and 129 Hz)
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(CH2), 5.72 (dd, J = 3 and 9.9 Hz, CH)], (+)-3k, and the polymers ['lH-NMR (CDCls) 8- 4.5—4 7 (m,
CHy’s), 6 17 (m, CH’s)]. Punification of these compounds was unsuccessful

Reaction of (1)-11

The precipitate, that separated from the reaction mixture obtained from (1)-11 (46 mg, 0.25 mmol), was
removed by filtration and washed with THF (15 ml) The filtrate and the washings were combined and
concentrated iz vacuo. The residue contained 5-(4-nitrophenyl)-1,4-dioxane-2,3-dione [(1)-21], ['H-NMR
(CDCl3) 8 4.70 (dd, J = 8 3 and 13 0) and 4.72 (dd, J = 4.4 and 13 0 Hz) (CH,), 600 (dd, /=44 and 8 3
Hz, CH), 7 67 (m) and 8.35 (m) (Ar)], (1)-31, and the polymers [{H-NMR (CDCls) 8- 4.5—4 9 (br, CH,’s),
6 32 (br, CH’s)]. It was dissolved 1n dichloromethane (10 ml), and the solution was washed successively with
5% aqueous citric acid (3 ml) and saturated aqueous sodium bicarbonate (3 ml), dned, and concentrated. The
mixture was purified by layer chromatography on silica gel [hexane—ethyl acetate (3 2, v/v)] to afford (1)-31 (9
mg, 17%) as a colorless solid, mp 99—101 °C, identical (IR) with an authentic sample

Reaction of 1m

Compound 1m (107 mg, 0 5 mmol) was treated in the same way as descnibed below for the reaction of
(1)-1n to give a mixture of cis-5,6-diphenyl-1,4-dioxane-2,3-dione (2m) [1H-NMR (CDCl3) 5 6 00 (2H, s,
two CH’s), 6 95 (4H) and 7 2—7 4 (6H) (m each, two Ph’s); 13C-NMR (CDCl3) 8 819 (CH), 1267, 128 5,
1295, and 130 7 (Ph), 153 2 (C=0)] and 3m The mixture was submtted to flash chromatography [hexane—
ethyl acetate (3.2, v/v)] to afford 3m (35 mg, 29%) as a colorless sohd, 123—125 5 °C Recrystallization of
this product from ethanol afforded an analyncal sample of cis-4,5-diphenyl-1,3-dioxolan-2-one (3m) as
colorless prisms, mp 125 5—126 5 °C, (it ™ mp 126—127 °C), MS m/z 240 (M*), IR v cm-1 1788
(C=0), IH-NMR (CDCl3) & 598 (2H, s, two CH’s), 6 88—6 98 (4H) and 7 08—7 20 (6H), (m each, two
Ph’s), 13C-NMR (CDCl3) 8 821 (CH), 126 1, 128 2, 128 8, and 132 8 (Ph), 1549 (C=0) Anal Calcd for
CisH1203 C,7499,H, 503 Found C, 74.71, H, 506

Prolonged reacton (at 0 °C for 15 h) did not increase the yield of 3m

Reaction of (%)-In

Tnethylamine hydrochloride was removed by filtraton from the reaction mixture, obtained from (£)-1n
(107 mg, 0 5 mmol), and washed with THF (20 ml) The filirate and the washings were combined and
concentrated in vacuo. The residue was dissolved in dichloromethane (10 ml), and the solution was washed
successively with water (3 ml) and saturated aqueous sodium bicarbonate (3 ml), dned, and concentrated. The
resulting mixture of (1)-2n73 and (3)-3n was punfied by flash chromatography [hexane—ethyl acetate (3 1, v/v)]
to afford (£)-3n (70 mg, 58%) as a colorless solhid, mp 109.5—110 °C (softened below this temperature)
Recrystallization of this product from ethanol afforded an analytical sample of (t)-trans-4,5-diphenyl-1,3-
dioxolan-2-one [(+)-3n] as colorless prisms with unchanged meltng point, (it 4 mp 110—111 °C), MS myz
240 (M%), IR vﬂ‘z"l cm-! 1817 (C=0), lH-NMR (CDCl3) & 543 (2H, s, two CH’s), 7.33 (4H) and 7 44
(6H), (m each, two Ph’s), 13C-NMR (CDCl3) & 854 (CH), 1261, 1292, 1298, and 134 8 (Ph), 154 1
(C=0) Anal. Calcd for C;sH1203 C,7499,H,503 Found C,7507,H,513

Reaction of (£)-1o0

Compound (£)-10 (180 mg, 1 mmol) was treated with oxalyl chlonde in the same way as described for
the reaction with (1)-1p to give a mixture of (+)-cis-5-1sopropyl-6-phenyl-1,4-dioxane-2,3-dione [(+)-20], ['H-
NMR (CDCl3) & 098 and 106 (d each, J = 6 6 Hz, Me3), 1 86 (m, CHMe,), 4 67 (dd, J = 30 and 7 9 Hz,
CHCHMe»), 5 80 (d, J = 3 0 Hz, CHPh)] and (£)-30 A solution of the mixture in dichloromethane was
treated 1n the same way as described below for the preparation of (+)-3p, followed by flash chromatography
[hexane—ethyl acetate (3 1, v/v)] to afford (f)-30 (41 mg, 20%) as a colorless solid, mp 58—60 5 °C
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Recrystallization of crude (1)-30 from hexane—cther (1 1, v/v) provided colorless pillars, mp 65 5—66.5 °C,
identical (IR) with an authentic sample

Reaction of (1)-1p

A solution of oxalyl chlonde (0 097 ml, 1 1 mmol) in THF (4 ml) was added to an 1ce-cooled solution of
(3)-1p (180 mg, 1 mmol) and tnethylamine (0 63 ml, 4 5 mmol) in THF (20 ml) over a period of 5 min, and the
mixture was stirred at O °C for a further S min  The resulting precipitate was removed by filtration and washed
with THF (30 ml) The filtrate and the washings were combined and concentrated 7 vacuo to give a mixture of
(1)-3p and (£)-2p 7® The residue was dissolved 1n dichloromethane (15 ml), and the solution was washed
successively with 5% aqueous citric acid (5 ml) and saturated aqueous sodium bicarbonate (5 ml), dned, and
concentrated The oily residue was punified by flash chromatography [hexane—ethyl acetate (4 1, v/v)] to afford
®)-3p (173 mg, 84%) as an colorless o1l, identical (IR) with an authentic sample

Reaction of (1)-1q

Compound (1)-1q (56 mg, 0 25 mmol) was treated 1n a manner similar to that described for the reaction
with (+)-1n to afford a mixture of (¥)-3q and (¥)-trans-5-[(4-dimethylamino)phenyl]-6-1sopropyl- 1,4-dioxane-
2,3-dione [(1)-2q] ['H-NMR (CDCl3) 8 466 (dd, J =23 and 93 Hz, CHCHMe»), 544 (d,J =9 3 Hz,
CHPh)] Purnification of the mixture by flash chromatography [hexane-ethyl acetate (2 1, v/v)] to afford (1)-3q
(55 mg, 88%) as a slightly yellow viscous oil, MS m/z 249 (M1), IR v::‘:,"d film em-1 1797 (C=0), 'H-NMR
(CDCl13) 8 095 (d,J =69 Hz) and 1 06 (d, J = 6 6 Hz) (3H each, CMey), 201 (1H, dqq, J =69, 6 6, and
6 6 Hz, CHMe>), 2 98 (6H, s, NMe»), 4 35 (1H, dd, J =6 6 and 7 3 Hz, CHCHMe,), 518 (1H,d,J =173
Hz, CHAr), 6 71 (2H, m, aromatic protons ortho to NMe3), 7 21 (2H, m, aromatic protons meta to NMey),
13C-NMR (CDCl3) 8 17 3 and 17 6 (CMe,), 31 6 (CMey), 40 3 (NMe,), 82 2 (CHAr), 88 1 (CHCHMe,),
1123, 123 1, 128 1, and 151 3 (Ar), 154 8 (C=0)

Reaction of 1h with Oxalyl Chloride in the Absence of Base

According to the reported procedure,! oxalyl chlonde (8 9 ml, 0 104 mol) was added dropwise to 1h
(11 84 g, 0 1 mol) over a period of 20 min with occasional cooling with ice  The mixture was sturred at room
temperature for a further 1 5 h The resulting precipitate was collected by filtranon, washed with ether and
recrystallized from ethanol to afford 3h (3 07 g), mp 178—180 °C From the ethanolic mother liquor, were
obtained additional crops of 3h (725 mg) by repeated recrystallization from ethanol The ethereal washings of
the crude product was concentrated to dryness, and the sohid restdue was combined with the residue, which was
obtained by removal of ethanol from the mother hiquor of the final recrystallization This crude matenal was
punfied by repeated flash chromatography [hexane—ethyl acetate (2 1, v/v)] to afford 3h (277 mg, the total yield
was 28%), 2h (126 mg, 0 7%), and pinacol (427 mg, 3 6%) The main component of the distillate of the
ethereal washings was suggested to be pinacolone by the 'H-NMR spectrum, and was 1dentified by the
formation of the oxime 73
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