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Abstract Oxalyl chlonde reacts WI~I a wide range of acychc 1,Zglycols 1 m the presence of methylamme to 
produce 13-dloxolan-Zones 3 together with 1,4-dloxane-2.3~&ones 2 Ethylene glycol (ld), monosubstituted 
ethylene glycols 1e.J-l. and eryrhro-1,2dtsubted ethylene glycols lf, m.o provide the cycbc carbonates 3 as the 
mmor products, whde the three-compounds lg. I, n,p,q and pmacol (lh) afford 3 as the mam products The 
formatlon of 3 may be rat~onahxed m terms of stere&eiXromcaUy controlled cleavage of the cm~ugale base 17’ of the 
tetrahedral mtermedmtes The rate for the conformational change of 17’ into 18’ and the eqmldmum constant 
between these conformers are proposed to he the major factors tiectmg the resctmn pattern 

Oxalyl chlonde normally reacted with alcohols,1 ammes? mercaptans,2 ammo ac~ds.~ hydrazmes,2 

ureas,2*3 thloureas.3d blurets,36 carbamates,d carboxamldes.5 dtthlocarboxamldes,6 sulfonamides.7 phenyl 

methylphosphonamldate,6 carboxtmtdes,g carbodnmtdes.10 tsopropylcyanamtde,ll 2,3-dnmmobutane&- 

mmle,t2 ammo ethers,13 amtdmes,13 guantdmes,14 hydrazones,15 nitrosamines,16 iV-arylnitrones,17 iso- 

cyanates,t* Isothmcyanates,t* tsommles.t9 benzophenone oxlme, 20 2,5-dthydroperoxy-2,5-&methylhexane,zt 

phenols,” enols,” enol ethers,” enol thloethers,” enammes.26 l,l-dmrylethylenes,27 arylproptohc actds,2s 

dtazomethane.29 phosphoranes,30 carbantons,31 organometals,32 and other nucleophtles33 to afford the 

correspondmg oxalic acid denvatives In certain cases, products the same as those which would form from 

phosgene were obtamed t.2.3bM7.3U1.3 Th e reacuon of one mole of oxalyl chlonde wtth two moles of IV&- 

dimethylamhne at 0 “C afforded 4-(dtmethylammo)phenylglyoxalyl chlonde in quantttattve yteld, whtle 4- 

(dtmethylamlno)benzoyl chlonde was formed at higher temperature, 4.4’-bts(&methylammo)benztl and 4,4’- 

bls(dlmethylammo)benzophenone were also formed dependmg on the reaction condtttons 35 Slmtlar 

decarbonylauve reactlons were reported for m-dtmethoxybenzene,36 tnphenylamme.37 polynuclear aromattc 

hydrocarbons,38 thtophenes.39 and pyrazoles,40 whereas more reacttve pyrroles41 and condensed pyrroleti2 

provided the correspondmg l)-d&etones m good yields In the presence of alummum chloride, alkylbenzenes 

produced the benzolc acid denvattves ,43 while alkoxybenzenes provided the correspondmg bennls 44 Desptte 

many reports on the decarbonylattve reacttons of oxalyl chloride, the mechamsms have not been thoroughly 

explored 

In 1986, we found that the reacttons of oxalyl chlonde with 1,Zglycols la-c m the presence of 

methylamme afforded the cychc carbonates 3a-c instead of the cycltc oxalates 2a--c (entnes l-3 m Table 

1) 45 There 1s only one precedent for the reachon of oxalyl chlonde with 1 leadmg to 3 Adams and Weeks 

reported the formauon of 3h from ptnacol (lh) m the absence of base, while ethylene glycol (ld) afforded 
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Cyclocondensatlon of oxalyl chlonde 10513 

ethylene oxalate (2d) under similar condmons l We confirmed the formation of 3h (28%) from lh under these 

condttlons Apart from the formation of the carbonate 3, few 1,4-dtoxaue-2,3dtones (type 2)46 derived from 

1,Zglycols are m the hterature not\Hlthstandmg that they are expected to be normal products of the reacnons 

between oxalyl chlonde and 1 Furthermore, it was surpnsmg that there were only two precedents on the 

reaction of 1 and oxalyl chlonde m the presence of tnethylamme,uJ we concluded that the supposed products 

Zi,m.n were in fact fi,m,n, as will be described below We accordmgly felt that it was necessary to perform 

systemanc expenments on the reaction of oxalyl chlonde with 1 We now report results of the reactions of 1 

with oxalyl chlon& m tetrahydmfuran (THF) m the presence of metbylamme h7 

Scheme 1 represents the synthesis of the commercially unavalable 1,Zglycols 1 by the Wttttg reactions 

between appmpnate aldehydes 5 and phosphomum salts 6, followed by osmylahon 4s Some of authenttc cychc 

carbonates 3 were prepared from 1 by the actton of phosgene 

R’ 
)-” 

7h,i 

OS04 

N-methylmorpholme 
N-0X1& 

R’ 
1k.l.o 

OH OH 
0so.j 

N-methylmorpholme 
N-ox& 

a R’=H dR’=H fR’=NM@,R’=H 
b R’ = NMez e R2=CHMe2 g R’=N02,R2=H 
c R’=N& h R’=H,R2=CHMe2 

i R’ = NMe2, R2 = CHM&I 

Scheme 1 

Carothers et al obtained monomenc ethylene oxalate (2d) by pyrolysts of its polymers, which were 

prepared by heating ethylene glycol (Id) with &ethyl oxalate 49 When we mated a solutton of Id in THF with 

a slight excess of oxalyl chlonde m the presence of an excess of methylamme at 0 “C, the major products were 

also suggested to be polymenc ethylene oxalates by NMR spectroscopy, 2d (72%) was obtamed after pyrolysts 

of the crude products, as shown m Table 1 (entry 4) A small amount of the carbonate 3d was also produced 

Propylene oxalate [(*)-2e]3”~49 (66%) was slmllarly obtained by pyrolysis of the correspondmg polymers 

(entry 5) meso-2,3-Butanedlol (If) afforded the cychc oxalate 2f more than the polymers (entry 6) 

Compounds 2d-f thus obtained were all susceptible to hydrolysis even in plam water, as already reported for 

2f and (-)-2g,50 and rapldly decomposed on s&a gel Progressive methylauon of the carbon atoms of Id 

tended to cause mcreasmg producuon of the carbonate 3 A smular trend was reported for the reacttons of oxalyl 

chlonde with 2,2-dlbutyl-1,3,2-dloxastannolane senes 32~ Thus pmacol (lh) afforded the carbonate 3h m 24% 

yield and the oxalate 2h in 0 8% yield (entry 8) Interestingly, 2h was stable enough for punficatlon by 

chromatography on slhca gel The yield of the carbonate 3 was mOre efflclently mcreased by substltuuon with a 

phenyl group than with a methyl group (entry 10 vs entry 5), and was not largely affected by the electromc 
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property of the p-substltuent of the phenyl group (enmes 10. 12, and 13), suggestmg that the formation of 3 

was mamly controlled by the stenc bulk of the subsatuent of ethylene glycol Substmmon wth phenyl gmups at 

both the l- and 2-posmons of Id further favored the formatlon of 3. Thus meso-hydrobenzom (lm) produced 

the crs-carbonate 3m m 29% yield (entry 14). and (f>hydrobenzom [(f)-ln] gave the truns-carbonate (f)-3n III 

58% yield (entry H) Replacement of the phenyl group of In with a buUuer isopropyl group further favored the 

formanon of the carbonate (i)-lp afforded (f)-3p m 84% yield (entry 17) Comparison of the results, 

obtained with three paus of dastereomers [entry 6 vs. 7, 14 vs 15, and 16 vs 171, permits us to conch& that 

the rhreo-compound more preferentially produces the cyclic carbonate 3 than the correspondmg erythro-isomer 

does, the lughly selective formation of 3 was also xeahzed m the reactions ~rlth other rbreo-compounds (enmes 

1-345 and 18) These results suggested that the structure (i)-trans-5.6-bls(bromomethyl)-1,4-&oxane-2,3- 

&one [(f)-2i] had been wrongly assigned to the product from three-1.4~Qbromo-2,3-but1 [(f)-li] 461 

The product was m fact the carbonate (f)-3i (entry 9) 

Examination of the Eacnon matures, obtamed from &i-q. by NMR spectroscopy furnished evidence 

for the formation of what we presumed to be the correspondmg 2, we failed to isolate these compounds by 

means of chromatography because of ther mstablllty on s&a gel We consequently concluded that the products 

from hydrobenzoms, reported by Whlte4M as 2m.n wlthout charactenzation, were probably 3m.n Of these 

unstable cychc oxalates, 2j was successfully obtamed Hnthout usmg chromatography; 2j polymermd on storage 

even m the solld state, as reported for 2d 49 In the presence of lj and tnethylamme, 2j polymerized rapidly m 

THF Dlluaon 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 mamly formed through 2j Compound 2j IS the first 

example of cychc oxalates havLlg an aromahc subshtuent(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 actlOn of phosgene, which might be generated m SUU,~ it IS 

unhkely that oxalyl chlonde so rapidly decomposes to phosgene under such mild condmons as we employed, 

furthermore, phosgene afforded (f)-3q In only poor yield m the reaction with (f)-lq. while oxalyl chlonde 

provided the same compound m high yield under similar condmons (entry 18) Another possibility that 3 1s 

formed through the oxalate 2,~ also unhkely, because the prolonged reaction with lj &d not change the 

product ratlo We also confirmed that 2h, j dtd not produce 3h, j under condltlons similar to those employed 

for the reacaons, from which 2h, j were obtamd Davies et al proposed for the reactions ~rlth 2,2-&b@- 

1,3.2-&oxastannolanes that the carbonates 3 were produced by cychzaaon of the alkoxyacyhum mtermedrates 

(type 10). which might be formed from the half esters of oxalyl chlonde by dechlormatlon followed by 

decarbonylauon 321 Scheme 2 exemplifies the analogous mechanism (8n + 9 + 10 + 3n) for the formation 

of the carbonate 3n The fragmentanon of 8n to 10 may be Important only when the transformaaon of 8n to the 

cyclic oxalate 2n is retadfxl, the fact is that In was transformed into 2n at a rate faster than that for the oxalate 

dlester formation from a monohydroxy compound 51 In addmon, if such a mechanism were operauve, the 

carbonate ester 16 from a monohydroxy compound would be formed by the acuon of oxalyl chlonde we have 

found no evidence for the formanon of even a trace of the carbonate ester from such a compound, no matter 

whether it 1s pnmary. secondary, or tertiary 51 We thus concluded that 10 could not be a true mtermtiate for 

the formation of 3n By the same reasoning, an altemauve pathway (an + 11 -+ 3n) was also ruled out 

Anyhow, none of these mechanisms give a samfactory explanation to the difference m the reaction pattern 

observed between the hastemmers 
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8n 9 10 

11 

Scheme 2 

3n 

Scheme 3 represents our mechamsm proposed for the reaction of one mole of oxalyl chlonde with two 

moles of an alcohol The pnmary mtermtiate 12 ~111 produce the tetrahedral mtermtiate 13H It is most 

hkely that 13H dlssoclates mto the more reactive 13- m the presence of methylamme (pKa 10 7552) because its 

pKa may be estimated to be 6 3-6 8 accordmg to the method of pKa pre&caon 52 The mtermtiate 1Sexists 

as a very rapidly eqmhbrated mixture of the conformers (13A)-, (13B)-, and (13C)- Accordmg to the 

theory of stereoelectronic control,53 the C-Cl bond m (13A)- or (13B)- IS cleaved because there 1s a non- 

bondmg electron pau onented antlpenplanar to this bond other than that of the oxygen anion, resultmg m the 

production of the oxalate ester 14 On the other hand, the C-C bond m (13B)- or (13C)- may be cleaved by 

the assistance of such electron pairs of the chlorme and the oxygen atoms The C-C bond cleavage of (13B)- 

or (13C)- followed by decarbonylanon would give nse to the chlorocarbonate ester 15 and the alkoxlde, 

recombmanon 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)- IS much 

htgher than that for the C-Cl bond cleavage of (13A)- or (13B)- If 13- were restncted to the conformer 

(WC)-, m which the C-Cl bond IS not cleaved because there IS no extra nonbondmg electron pair onented 

antipenplanar to this bond, the carbonate ester 16 would be formed Such a resmcted conformer may be 

possible for the cychc mtermerllate m the reaction with an appropnately subsmuted d101 

0 

RO&COR 

R J’ ROH R(&PH W Ra r / tl 

-Xl-- 
g j-$1 = bc? 

8-I b2’ -co l4 
\ 0 0 

12 13H 13- ROk + RO- - ROtOR 

15 16 

Scheme 3 

(13A)- (13BT (13CT 
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For the formation of the cyclic oxalate 2d and the cyclic carbonate 3d from ethylene glycol (Id). the 

reaction of 8d 1n the next step ~111 be intramolecular nucleoph111c tit1on When perpenchcular attack (107’ 

accordmg to the 11teratures4) of the hydroxy group on the acyl chlonde moiety proceeds from the side of the 

plane of the conjugated carbonyl system so as to form the chatr-hke transltlon state, the tetrahedral mtermtiate 

(17d)-, where the chlorme atom must be equatonally onented because 8d mamly exists as the s-trans 

conformer.55 1s produced The C-Cl bond tn (17d)- IS not cleaved because there IS no extra nonbondmg 

electron pour onented antlpenplanar to this bond, whereas the C-C bond may be cleaved by the stereoelectron1c 

assistance of the electron pus (shown as shaded) The formation of 3d may be interpreted as the result of the 

C-C bond cleavage in (17d)- followed by decarbonylat1on leadmg to the formation of 19d Once (17d)- 

conformat1onally changes into (lfId)-, the C-Cl bond 1s cleaved to form 2d, having the assistance of the 

electron pau of the oxygen (shown as shaded) The energy bamer for the breakdown of (17d)- IS thought to 

be much higher than that of (18d)- as 1n the case of the decay of 13- It follows that the formation of 3d does 

not compete with the formation of Zd, unless the rate of lnterconverslon between (17d)- and (18d)- 1s 

retarded near the rate of breakdown of (17d)-, or unless the equ111bnum between these conformers 1s 

overwhelmingly favorable for (17d)- The tetrahedral intermediate (18d)-, 1n which the electronegahve 

chlorme atom 1s axrally onented, 1s probably more stable than (17d)- owing to the anomenc effect 56 

Furthermore, (17d)- and (18d)-exist 1n a rapidly established equ111bnum As a consequence, 2d IS produced 

predommantly, this compound would undergo polymenzafion under the reacaon condmons 

8d (17d)H (17d)- 

I-co 

O\T_ “k Cl \o 

3d 19d 

Scheme 4 

8e (17e)- 

Scheme 5 

(18d)- 

1 
0 b 

2d 

0 

YQ 
rbh 

(18e)- 

In the reacnon of the monosubstltuted ethylene glycol le, the fit acylatlon will be dominant at the 

pnmary hydroxy groug7 to yield the mtermebate 8e, which provides the secondary intermtiates (17e)- and 

(Me)- existing 1n a more slowly established equ111bnum than that between (17d)- and (18d)- owmg to stenc 

hindrance of the methyl group Furthermore, there 1s a 1,3-&axial interaction between the chlorme atom and the 

methyl group 1n (18e)- Probably, both factors are responsible for the higher yield of 3e than that of 3d The 
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tigher yields of other monosubstrtuted 1.3~&oxolan-2-ones 3j-I than that of 3e may be a reflectton of these 

stenc effects enhanced by the bulkter substttuent 

The tetrahedral mtcnnubate from eryrko-hydrobenzom (lm) wdl pnfer the structu~ (17m)-to the alter- 

nanve (20m)- to avoid the 1.3~&axial mteracnon The equtltbrmm constant for the conversion of (17m)- to 

(Mm)- IS greater than that of (17j)- to (lSj)-, because the addttlonal phenyl group axially onented in 

(17m)- becomes equatonal m (Urn)- This IS a factor increasing the yield of 2m The eqmhbnum between 

(17m)- and (lSm)- IS, however, established more slowly, though fast enough to allow the preferential 

formation of 2m, because two phenyl groups are syn-penplanar to each other in the transition state 

Consequently, the observed higher yield of 2j (entry 11) than that of 2m (entry 14) mdzcates that the latter factor 

overcomes the former. It should be noted that the formanon of 3f from erythro-1,2-butanedtol (If) was 

suppressed to an appreciable extent, as compared with those from two other eryrko-compounds lm,o This 

may be due to the more rapidly established equlhbnum between (179- and (18f)- owing to the smaller 

substltuents The smaller subsntuents may also conmbute to the formauon of the less favorable mtermedtate 

(2Of)- Once (2Of)- IS formed, even though to a slight extent, It will be smoothly converted into (21f’)-. the 

Intermediate for the formation of 2f, because there 1s the favorable anomenc effect and no 1,3-&ax1al mterachon 

in (21f)- 

R 

8f,m (17f,&- (18f,m)- 

1 1 
3f,m 2f,m 

t t 

8f,m (20f,m)- 

Scheme 6 

(21f,m)- 

The mterconverslon of (17n)- and (lSn)-, the mtermedlates from three-hydrobenzom (ln), takes place 

more rapidly than that of the eryfko-isomers, because the two phenyl groups do not pass each other durmg the 

conversion It follows that the preferential formation of 3n 1s a result of the equtltbnum very unfavorable for 

(18n)- the two equatonal phenyl groups tn (17n)- become axial m (l&Q- The same explanatton IS valid for 

the order of the observed yield of 3 paralleling the order of size of the substltuents of the three-compounds 

lg,t,n,p,q 

3n - - 2n 

b 
(17n)- 

Scheme 7 

(lSn)- 
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An explananon for the preferentml formauon of 3h from pmacol (lh) must be sought in an enurely 

Qfferent du-ecaon the result IS ascribed to slow mterconverslon between (17h)- and (18h)- owmg to their 

fully substituted stmctmes, because them IS hale MeEnce m free energy between them 

Me 

(18h)H 

(17h)H,+ (18h)H,+ 

Scheme 8 

In the absence of base, the formauon of 3h may be Interpreted by assummg acld-catalyzcd cleavage of the 

tetrahedral mtermedtate [(17h)H + (17h)Hz* + 3h] Probably, the C-Cl bond of the tetrahedral 

mtermedlate (18h)H IS cleaved even m the neutral form, whereas the energy bamer for the breakdown of the 

neutral conformer (17h)H 1s higher than that for the conformauonal change to (18h)H If this IS the case, the 

reactlon pattern may be changed to produce 2h as the maJor product by usmg au appropnate base, which 

prevents the formatton of either (17h)- or (17h)Hz* Results of the mvesttgation along this line wtll be 

reported m a separate paper. 

In conclusion, we have systematically explored the reactions of oxalyl chlonde with 1,Zglycols 1 for the 

first time, dlsclosmg that formation of a cychc carbonate 3 m the presence of tnethylamme appears to be a 

general reacaon. and that 1,4-dloxane-2.3~&ones 2 are common products despite a so far so hmlted number of 

known compounds unth this nng system We have also proposed the reacaon mechanism, which IS consistent 

~ntb the &fferent teacaon patterns observed with various types of acychc 1,2-glycols 1 Recently, the formaaon 

of the cychc carbonate from a cychc 1,Zglycol by the action of oxalyl chlonde was reported Hrlthout a comment 

on the reacaon mechanism 5s Work IS now m progress to test further the present mechamsm 

EXPERIMENTAL 

General Notes 
All meltmg pomts were taken on a Yamato MP- 1 or a Buchl530 capillary meltmg pomt apparatus and are 

corrected_ IR spectra and mass spectra we= recorded on a JASCO A-202 or a Shlmadzu FTIR-8100 IR spectro- 
photometer and a I-htachl M-80 mass spectrometer Nh4R spectra were measured vvlth JEOL JNM-EX-270 and 
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JEOL JNM-GSX-500 NMR spectrometers with tetramethylsllane as an internal standard; unless otbmse 
stated, tH-NMR spectra were recorded at 270 MHz and ‘SC!-NMR spectra at 67.8 MHz. Mlcroanalyses were 

conducted by Mr. Y Itatam and his associates at Kanazawa Umverslty Flash chromatography was performed 

on sihca gel accordmg to the reported procedure 59 The followmg abbrevlanons are used. br = broad, d = dou- 

blet, dd = doublet-of-doublets, ddd = doublet-of-doublets-of-doublets, ddq = doublet-ofdoublets-of-quartets, 
dqq = doublet-ofquartets-of-quartets, ds = doublet-of-septets, m = muluplet. s = smglet, t = tnplet. Magnesium 

sulfate was used for drymg organic solutions, and they were concentrated under reduced pressure 

I-(Dimethylamino)styrene (4jJ 
Compound 4f (150 g, 68%) was p~pared from methyltnphenylphosphomum loduie (6d X = I) (6 67 g. 

16 5 mmol) and 4-(&methylammo)benzalde.hyde (Sb) (2 24 g. 15 mmol), accordmg to a procedure stmllar to 
that described below for the preparaaon of 7h, followed by vacuum &sttllatton. as a slightly yellow 011, bpo 2 
7-75 “C (lit 6o mp 15-16 “C), MS m/z 147 (M+), ‘H-NMR (CD@) 6 2.96 (6I-I. s, NMe2). 5 02 (lH, dd, 
J=1and109Hz)and557(1H,dd,J=1and175Hz)(CH2), 663(1H,dd,J=109and17.5Hz,CH). 
6 68 (2H, m, aromatic protons ortho to NMez), 7 31(2H, m, aromatic protons meta to NMei) 

I-Nitrostyrene (4g) 
The Wltug reaction between 6d (X = Br) (10 7 g, 30 mmol) and 4-mtrobenzaldehyde (5~) (4 53 g, 30 

mmol) was camed out m a manner stmllar to that described below for the preparauon of 7h The reacnon 
mixture was concentrated to a small volume, and the residue was partItioned between water and hchloro- 
methane The aqueous layer was extracted with dlchloromethane (2 x 50 ml) The orgamc layers were 

combmed. dried, and concentrated The residual semlsohd was extracted wtth a mlxtme of hexane-ethyl acetate 
(1 1, v/v) (80 ml) The extracts were concentrated, and the residue was punfied by flash chromatography 
[hexane-ethyl acetate (7 1, v/v)] to afford 4g61 (4 23 g, 95%) as a brown 011. tH-NMR (CDC13) 6 5 50 (lH, 
d, J = 10 9 Hz) and 5 93 (lH, d, J = 17 5 Hz) (CHz), 6 79 (lH, dd, J = 10 9 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-I-phenyl-I-butene (7h) 
A 0 91 M solution of n-butylhthmm m hexane (16 5 ml, 15 mmol) was added dropurlse to a suspensum of 

(2-methylpropyl)tnphenylphosphomum mdtde (6e X = I)62 (6 69 g, 15 mmol) m dry THF (150 ml) under 

nitrogen at -78 “C over a penod of 10 mm After being allowed to warm to 0 “C with stunng, the mixture was 
agam cooled to -78 “C, and then benzaldehyde (153 ml, 15 mmol) was added The temperature of the mixture 
was allowed to me to 0 “C, and sttmng was contmued 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, dried, and 
concentrated The residue was extracted with hexane (20 ml) The solution was concentrated, and the residue 
was dlsulled to afford a 5 5 1 mixture of the Q-Isomer 4ha3 and 7h as a colorless 011(1 92g, 88%), bpu, 80- 
86 ‘C A soluuon of the mixture (145 g) and phenyl &sulfide&l (433 mg) m THF (50 ml) was refluxed for 15 h 
under mtrogen and then for a further 22 h after addition of azobtslsobutyromtnle (325 mg) The resultmg 
mixture was concentrated in vucuo, and the residue was extracted with hexane (5 ml) Flash chromatography 
(hexane) of this soluuon afforded 7h63 (1 14 g, 69%) as a colorless 011, tH-NMR (CDCl3) 6 109 (6H, d, J = 

6 6 Hz, Mez), 2 47 (lH, m, CHMez), 6 19 (lH, dd, J = 6 6 and 16 2 Hz, =CfK!HMe2), 6 34 (lH, d, J = 
16 2 Hz, =CHPh), 7 18-7 37 (5H, m, Ph) 

(E)-Z-[4-(Dimethylamino)phenyl]-3-methyl-Z-butene (7i) 
The Wlttlg reacnon between 6e (X = I)62 (1 34 g, 3 mmol) and 5b (448 mg, 3 mmol) was conducted m a 

manner similar to that described for the preparation of 7h The resultmg crude products were punfied by flash 
chromatography [hexane-ethyl acetate (5 1, v/v)] instead of dlstlllanon to afford a 2 6 1 mixture. of the (Z)- 
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isomer 4i [‘H-NMR (CDCl3) 6 1 05 (6H, d, J = 6 6 Hz, CMe2). 2.95 (6H, s, overlapped mth a 1H mulaplet 
due to CYfMe2, NMe2). 5.3 1 (lH, dd, J = 9 9 and 117 Hz, =WCHMez), 6.20 (lH, d, J = 117 Hz, =CYfAr), 
6 7 1 (2H. m, aromattc protons ortho to NMe2). 7 19 (2H. m. aromatic protons meta to NMez)] and 7i as a 
yellow oll(494 mg. 87%) 

The whole of the mixture of 4i and 7i, and phenyl d~sulfide~ (114 mg, 0 52 mmol) were &ssolved m dry 

THF (20 ml) The soluaon was refluxed under mtrogen for 3 h. The resultmg mtxture was concentrated rn 
vacua. and the residue was punfkd by flash chromatography [hexane-chloroform (41, v/v) to afford W (441 

mg, 78%) as a yellow 011, MS m/z 189 (M+), tH-NMR (CDC13) 6.107 (6H, d, J = 6.6 Hz, CMe2). 2 43 (IH, 
m, CHMe2). 2 93 (6H, s. NMe2). 5 99 (lH, dd. J = 6 9 and 16 2 Hz, =WCHMe& 6.25 (lH, d, J = 16 2 
Hz, =WAr), 6 82 (W. m, axomaac protons ortho to NMe2). 7 24 (W. m, aromatic protons mcta to NMe2) 

(f)-I-[4-(Dimethylamino)phenyl]-I,2-ethanediol t(f)-lk] 
This compound was prepared by treatmg 4f (101 g, 6 86 mmol) Hrlth osmium tetrox~de as descrkd 

below for the preparation of (f)-lp, followed by flash chromatography [hexanbethyl acetate (1 5, v/v)] yield 

104 g (84%), mp 81-83 “C Recrystalhzatlon of crude (f)-lk from benzene afforded an analytical sample of 
(f)-lk as colorless p&us, mp 82 5-83 5 T, MS m/z 181 (M+), 500 MHz tH-NMR (CDCl3) 6.2 09 (lH, t. 
J = 5 5 Hz, CH2OH), 2 35 (lH, br, CHOH). 2 94 (6H. s, NMe$, 3 65-3 74 (W, m, CH2). 4 72 (lH, dd, J 
= 4 5 and 7 3 Hz, CH), 6 72 (W, m, aromattc protons ortho to NMez), 7 23 (2H. m, aromattc protons meta to 
NMe2) Anal Calcd for C!~OH~~NO~ C, 66 27, H, 8 34, N, 7 73 Found C, 66 20. H. 8.48, N, 7 68 

(f)-I-(4-Nitrophenyl)-Z,2-ethanediol [(+llJ 
Compound 4g (616 mg, 4 13 mmol) was eeated with osmtum tetroxuie in a manner similar to that 

described below for the preparauon of (f)-lp Crude products were washed successively with benzene and 
benzene-ethanol (10 1, v/v) to gve (f)-11(345 mg). mp 76 5-77 5 ‘T The mother hquor was concentrated to 
a small volume, and the residue was punfied by flash chromatography [hexansethyl acetate (1 5. v/v)] to afford 
a second crop of (f)-11 (237 mg, the total yield was 77%), mp 73 5-78 ‘C! Recrystalhza0on of crude (f)-11 

from benzene-ethanol (20 1, v/v) afforded shghtly yellow needles, mp 77 5-79 ‘T (ht 66 mp 79-81 “C), tH- 
NMR (CDCl3) 6 2 06 and 2 79 (1H each, br , two OH’s), 3 64 (lH, dd, J = 7 9 and 11 2 Hz) and 3 85 (lH, 
dd, J = 3 3 and 112 Hz) (CHz), 4 95 (1H. dd. J = 3 3 and 7 9 Hz, CH), 7 57 (2H, m, aromatic protons meta 
to NOz), 8 23 (2H, m, aromatic protons ortho to N@) 

(R*,S*)-3-Methyl-I-phenyl-1,2-butanediol [(*)-lo] 
An expenmental procedure smular to that described below for the preparaaon of (f)-lp was employed to 

OXKIWX a 5 5 1 nuxture of 4h and 7h (192 g. 13 1 mmol) The crude products was recrystalhzed from hexane- 
benzene (2 1, v/v) to afford colorless pdlars (1 50 g), mp 95-97 “C Fractional recrystalhzanons of this 
matenal from ethanol-water (1 2, v/v) afforded pure (*)-lo (the yield was 1 19 g, 44% based on 6e) as 
colorless pillars, mp 102 5-104 “C (ht 67 mp 103 2-103 9 “C), 500 MHz ‘H-NMR (CDC13) 6 0 97 and 0 98 
(3H each, d, J = 6 4 Hz, Mez), 1 71 (lH, ds, J = 6 4 and 5 9 Hz, GYMe& 1 74 (lH, d, J = 3 7 Hz, OH), 
2 33 (lH, J = 2 3 Hz, OH), 3 57 (lH, ddd, J = 3 7, 5 9, and 6 6 Hz, UfCHMe2). 4 68 (lH, br, CHPh), 
7 30-7 41 (5H, m, Ph) 

(R*,R*)-3-Methyl-I-phenyl-Z,2-butanedlol t(f)-Zp] 
A 2 3% (w/v) solution of osmium tetroxide m cerr-butanol (1 ml, 0 09 mmol) was added to a soluhon of 

7h (1 04 g, 7 11 mmol) and N-methylmorphohne N-oxide monohydrate (1 15 g, 8 51 mmol) m a mixture of 
acetone (35 ml) and water (3 5 ml) After the resultmg solution was surred at room temperature for 3 5 h, 
sodium metatnsulfite6* (1 79 g, 9 4 mmol) was added, and the whole was snrred for a further 20 mm The 

mixture was extracted wth dlchloromethane (3 x 50 ml) after water (50 ml) was added The extracts were dned 
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and concentrated The residue was washed with hexane (25 ml) to afford (k)-lp (103 g) as a colorless solid, 

mp 75 5-76 5 ‘C The washmgs were concentrated, and the residue was rectystalhzed from hexane to afford a 

second crop of (f)-lp (61 mg, the total yield was 85%), mp 72 5-75 5 ‘C. Recrystalhzanon of crude (f)-lp 

from hexane afforded an analytical sample of (f)-lp as colorless needles, mp 75 5-77 ‘C (ht 67 mp 73 6- 

74 2 ‘C), MS m/z 180 (M+), 500 MHz tH-NMR (CDC13) 6 0 95 and 0 96 (3H each, d, J = 6 8 Hz, CMe2). 

161 (lH, ds, J = 4 5 and 6 8 Hz, WMez), 2 26 and 2 67 (1H each, br. two OH’s), 3 49 (IH, dd, J = 4 5 and 

6 4 Hz, CHCHMez), 4 64 (lH, d, J = 6 4 Hz, WPh), 7 35 (5H, m, Ph) Anal Calcd for CttHt& C, 

73 30, H, 8 95 Found C, 73 00, H, 9 09 

(R*,R*)-3-MethyJ-l-[4-(dimethylamrno)phenyJ]-l,2-butanediol [(f)-Iq] 

Compound (k)-lq (361 mg, 64%), mp 76-80 ‘C, was prepared from 7i (480 mg, 2 54 mmol) accordmg 

to a procedure slmllar to that described for the oxtdauon of 7h. followed by flash chromatography [hex-thy1 

acetate (1 1, v/v)] Recrystalllzatlon of crude (f)-lq from hexaneethanol (10 1, v/v) afforded an analytical 

sample of (rt)-lq as colorless needles, mp 79-81 ‘C, MS m/z 223 (M+), 500 MHz tH-NMR (CDC13) 6 0 92 

and 0 95 (3H each, d, J = 6 9 Hz, CMe2). 1 58 (lH, dqq, J = 6 9.6 9, and 3 7 Hz, CffMez), 2 32 and 2 35 

(1H each, br s, two OH’s), 2 95 (6H, s, NMez), 3 52 (IH. br dd, J = 3 7 and 7 3 Hz, CJfCHMe2), 4 53 (IH, 

d, J = 7 3 Hz, CHAr), 6 72 (2H, m, aromatic protons ortho to NMe$, 7 22 (2H, m, aromahc protons meta to 

NMe2) Anal Calcd for Ct3H~tN02 C, 69 92, H, 9 48, N, 6 27 Found C, 69 86, H, 9 51, N, 6 28 

Preparation of the Cyclic Carbonates 3 of IJ-GJycoJs 1 by the Reactron with Phosgenc 

The procedure for the preparation of (f)-3p using a phosgene solution m toluene was described m &tad as 

a typical example Unless otherwise stated, the other compounds were obtamed m a similar manner 

c~s-4,S-DlmethyJ-l,3-dioxoJan-2-one (3f) 

A 2 M solution of phosgene (1 5 ml, 3 mmol) was added to a cold solution of If (180 mg, 2 mmol) and 

pyndme (1 ml, 12 mmol) m toluene (20 ml), and the mixture was stirred at 0 ‘C for 15 mm The whole was 

washed successively with water (10 ml), 5% aqueous clmc acid (10 ml), and saturated aqueous s&urn 

bicarbonate (10 ml), dried, and concentrated to leave 3f69 (71 mg) as a colorless 011 The washings were 

combined, brought to pH 4 by addition of 10% hydrochlonc acid, saturated with sodium chloride, and then 

extracted with ether (3 x 20 ml) The extracts were dned and concentrated The resulung residue was punfied 

by flash chromatography (dlchloromethane) to afford a second crop of 3f (105 mg, the total yield was 76%), MS 

m/z 116(M+),117(M++1),IRv~~~d”‘m cm-l 1799 (GO), tH-NMR (CDC13) 6 1 37 (6H, m, two Me’s), 

4 85 (2H, m, two CH’s), 13C-NMR (CDC13) 6 14 6 (Me), 76 3 (CH), 154 9 (GO) 

(f)-trans-4,5-D~methyJ-l,3-droxoJan-2-one [(f)-3g] 

This compound was obtained from (f)-lg (180 mg, 2 mmol) m 79% yield m a manner similar to that 

described for the preparation of 3f Recrystalhzatlon of the crude product from hexane-ether (3 1. v/v) afforded 

(k)-3g as colorless pnsms, mp 36 5-38 “C (lit 70 mp 37 “C), MS mJz 116 (M+). 117 (M+ + l), IR VP:’ cm-t 

1779 (C=O), 500 MHz IH-NMR (CD(&) 6 146 (6H, m, two Me’s), 4 34 (2H, m, two CH’s), ‘SC-NMR 

(CDC13) 6 18 3 (Me), 79 8 (CH), 154 4 (C=O) 

(5))-4-PhenyJ-1,3-dioxolan-d-one I(+)-3~1 

Compound (f)-3j (47 mg, 57%) was prepared from (k)-lj (69 mg. 0 5 mmol) by the reaction m THF (12 

ml) at 0 ‘C for 1 h under nitrogen, followed by flash chromatography [hexane-ethyl acetate (3 2, v/v)]* a 

colorless 011, which crystallized on storage, mp 54-55 “C [recrystallized from ether-pentane (1 1, v/v)] (ht 71 

mp 55 7-56 7 “C), MS m/z 164 (M+), IR vrz’ cm-* 1771 and 1778 (C=O), tH-NMR (CDC13) S 4 35 

(lH, dd, J = 7 9 and 8 6 Hz) and 4 80 (IH, dd, J = 8 2 and 8 6 Hz) (CH2). 5 68 (lH, dd. J = 7 9 and 8 2 Hz, 
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CHPh), 7 31-7 51 (5H. m, Ph), 13C-NMR (CDCb) 6 71 1 (CHz), 78 0 (CPh), 125 8, 129 2. 129 7, and 
135 8 (Ph), 154 8 (GO) 

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

The reaction of (f)-lk (363 mg, 2 mmol) using a 2 M solution of phosgene (1 1 ml, 2 2 mmol) was 
carned out in toluene (40 ml) m the presence of methylamme (1.4 ml, 10 mmol) at 0 ‘C for 1 h The resultmg 
suspension was washed with water, d.ned, and concentrated The residue was punfied by flash chromatography 
[hexaneethyl acetate (3 2, v/v)] to afford (f)-3k (288 mg, 69%) as a yellow sohd, mp 116-118 Y! 
Recrystalhzation of crude (f>3k from etherAchloromethane (10 1, v/v) afforded an analy~cal sample of (k)- 
3k as colorless pillars, mp 120-121 “C, MS m/z: 207 (M+), IR ez’ cm-1 1779 (GO), 500 MHz tH-NMR 
(CDCl3) 6 2 98 (6H. s, NMe& 4 37 and 4 70 (1H each, dd, J = 8 3 Hz each, CH2). 5 57 (lH, dd, J = 8 3 Hz 
each, CH), 6.72 (2H, m, aromatic protons ortho to NMez), 7 23 (W, m, aroma&z protons meta to NMe& 13C- 
NMR (CDC13) 6 40 3 (Me), 70 9 (CHz), 79 0 (CH), 112 2. 121 8. 127 9. and 151 4 (Ar). 155 1 (GO) 
Anal Calcd for CllH13N03 C, 63 76, H, 6 32, N. 6 76 Found C, 63 73, H, 6 32, N, 6 99 

(f)-4-(4-Nitrophenyl)-Z,3-dioxolan-2-one i(f)-311 

A 1 M solution of phosgene (0 88 ml, 0 88 mmol) was added dropw~se to an ice-cooled soluaon of W-11 
(147 mg, 0 803 mmol) and tnethylamme (0 25 ml, 1 8 mmol) m THF (15 ml) over a penod of 5 mm under 
nitrogen Then the mixture was stured at room temperature for 2 h The resultmg preclpltate was removed by 
filtranon and washed with THF (10 ml) The filtrate and the washmgs were combmed and concentrated. The 
residue was Qssolved m tichloromethane (15 ml), and the solution was washed successively with 5% 
hydrochlonc acid (5 ml) and saturated aqueous s&urn bicarbonate (5 ml), dried, and concentrated to leave a 
yellow solid, mp 89-90 5 ‘C This was punfied by flash chromatography [hexane-ethyl acetate (2 3, v/v)] to 
afford (f)-31 (103 mg, 61%). mp 98 5-101 ‘C Recrystalhzation of crude (f)-31 from ethanol afforded 
colorless pnsms, mp 101-101 5 “C (melted at ca 90 “C and resoh&fied), MS m/z 209 (M+), IR vF”,p’ cm-’ 
1798 and 1823 (GO), 500 MHz tH-NMR (CDC13) 6 4 32 (1H. dd, J = 7 3 and 8 8 Hz) and 4 90 (lH, dd, J 
= 8 3 and 8 8 Hz) (CHz), 5 80 (lH, dd, J = 7 3 and 8 3 Hz, CH), 7 57 (2H, m, aromatic protons meta to 

NOz). 8.33 (2H, m, aromauc protons ortho to NO& t3C-NMR (CDCl3) 6 70 6 (CH2). 76 4 (CH), 124 5, 
126 5, 142 7, and 148 6 (Ar), 154 0 (C lo) Anal Calcd for QH7N05 C, 5168, H. 3 37. N, 6 70 Found 

C, 5174, H, 3 43, N, 6 69 

(~)-cis-4-Zsopropyl-S-phenyi-Z,3-dioxolan-2-one [(f)301 

This compound (135 mg, 66%) was obtained from (i)-lo (180 mg, 1 mmol) as colorless pnsms, mp 
65 5-66 5 “C [recrystalhzed from hexane-ether (1 1, v/v)]. MS m/z 206 (M+), IR v:z’ cm-1 1797 (GO), 

500 MHz lH-NMR (CDCl3) 6 0 68 (3H, d, J = 6 9 Hz) and 0 98 (3H. d, J = 6 4 Hz) (Me& 1 63 (lH, dqq, J 
= 6 4, 6 9, and 9 2 Hz, U-fMez), 4 54 (H-l, dd, J = 9 2 and 7 3 Hz, CHCHMez), 5 63 (lH, d. J = 7 3 Hz, 
CHPh), 7 30-7 42 (5H. m, Ph), 13C-NMR (CDC13) 6 17 8 and 18 6 (Mez), 28 2 (CHMe2). 812 (CHPh), 
86 1 (CHCHMe2). 127 1, 128 7, 129 5, and 133 5 (Ph), 154 9 (C=O) Anal Calcd for C12H14O3 C, 69 89, 

H, 6 84 Found C. 69 98, H, 6 87 

(f)-trans-4-Zsopropyl-S-phenyl-Z,3-dioxolan-2-one [(i)-Jp] 

A 2 M solution of phosgene (0 55 ml, 1 1 mmol) was diluted with THF (4 ml), and added dropwlse to an 
ice-cooled solution of (f)-lp (180 mg, 1 mmol) and methylamme (0 63 ml, 4 5 mmol) in THF (20 ml) over a 
penod of 5 mm Then the mixture was s-d at 0 “C for 15 mm The resulting prec~pltate was removed by 
filaanon and washed with THF (20 ml) The filtrate and the washings were combmed and concentrated The 
residue was d~solved m &chloromethane (15 ml), and the soluuon was washed successively with 5% aqueous 
clmc acid (5 ml) and saturated aqueous sodmm bicarbonate (5 ml), dried, and concentrated to leave a yellow 011 
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This was punfied by flash chromatography [hexane-ethyl acetate (4.1, v/v)] to afford (i)-3p (164 mg, 80%) as 
a colorless 011, MS m/z: 206 (M+). IR vzEd film cm-t. 1803 (GO), tH-NMR (CDCl3) 6.1.00 (3H, d, J = 6 6 

Hz) and 108 (3H. d, J = 6 9 Hz) (Me& 2 06 (lH, dqq. J = 6.6, 6 9, and 6 3 Hz, CWMez), 4.34 (lH, dd, J = 
6 3 Hz each, CHCHMez), 5 28 (lH, d, J = 6 3 Hz, WPh), 7.33-7 44 (5H, m, Ph); t3C-NMR (CDC13) 6 
17 0 and 17 5 (two Me’s), 316 (CHMe2). 810 (C’HPh), 88 3 (CHCHMez), 126 2, 129 2, 129.6, and 136 8 
(Ph), 154 5 (GO) 

(f)-trans-4-[(Dimethylamino)phenyl]-5-isopropyl-l,3-dioxolan-2-one t(f)-3q] 
Compound (f)-lq (56 mg. 0 25 mmol) was treated with a 1 M solution of phosgene (1 38 ml, 1 38 

mmol) m THF (6 ml) in the presence of trtethylamme (0 6 ml, 4 3 mmol) at room temperature for 22 5 h The 
resulting precipitate was removed by filtration and washed with THF (40 ml) The filtrate and the washmgs 
were. combined and concentrated The residue was &ssolved m dchloromethane (15 ml), and the solution was 
washed with water (2 x 10 ml), dried, and concentrated to leave a yellow 011 This was punfled by flash 
chromatography [hexane-ethyl acetate (3 1, v/v)] The faster movmg substance was collected, and further 
puntied by layer chromatography on silica gel [hexane+ethyl acetate (5 1, v/v)] to afford 1-[4-@methylammo)- 
phenyll-3-methyl-2-butanone (16 mg, 31%) as a shghtly yellow 011, MS m/z 205 (M+), IR vzidd cm-t 
1709 (C=O), lH-NMR (CDC13) 6 107 (6H, d, J = 6 9 Hz, CMe2). 2 73 (lH, septet, J = 6 9 Hz, CHMe2). 
2 93 (6H, s, NMe2). 3 63 (2H. s, CH2), 6 70 (2H, m, aromattc protons ortho to NMez), 7 06 (2H. m. 
aromatic protons meta to NMe2) 

Further elutlon of the column afforded a yellow od(6 mg) Although the tH-NMR spectrum of the mam 

component of this matenal was identical with that of (f)-3q, which was obtamed by the reachon of (f)-lq and 
oxalyl chloride, punficahon of this compound was unsuccessful 

Reactaons of 1,2-Glycols 1 with Oxalyl Chloride in the Presence of Triethylaminc 
Every reactton was camed out using 0.1 molar excess of oxalyl chlonde and results were summarized m 

Table 1 Some representative reactions are described below m &tad, the others were performed smularly under 
the condmons spe&ied 111 Table 1 

Reactron of Id 
A solution of oxalyl chlonde (141 ml, 16 5 mmol) m THF (15 ml) was added dropwise to an Ice-cooled 

soluuon of Id (931 mg, 15 mmol) and methylamme (6 3 ml, 45 mmol) m dry THF (60 ml) over a penod of 10 
mm The resulting mixture was stmed at 0 “C for 5 mm The preclpltate that separated was collected by 
filtranon, washed with water (200 ml), and dned to @ve the oxalate polymers (805 mg) as a yellow solid, mp 
180-185 ‘C (dec ) (softened at 150 “C) The filtrate and the washings were combmed and concentrated m 
vucuo 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 obtamed from the mother liquor by concentration and washmg with chloroform (3 ml) The 
mother liquor was concentrated, and the residue was punfied by flash chromatography mexanbethyl acetate 

(1 2, v/v)] to afford crude 3d (25 mg, 1 9%) as a yellowish oil Recrystalhzatlon of crude 3d from ether 
afforded colorless pnsms (12 mg, 0 9%), mp 34 5-35 5 ‘C, whose chromatographlc behavior and IR. tH- 
NMR, and 13C-NMR spectra were ldentlcal with those of an authentic sample72 prepared from Id and 
phosgene 

Crude. oxalate polymers were combined, and pyrolysis of these compounds was performed by Kugelrohr 
dlsttllatlon at 0 5-O 9 mmHg and 200-300 ‘C for 10 5 h 1.4-Dloxane-2,3dtone (Zd) (1.26 g, 72%) was 
obtamed as a &stdlate, mp 134-135 5 ‘C (softened below this temperature) (ht 32rrnp 139140 “C); vF$” 
cm-l 1760 (GO), 1H-NMR (CDCl3) 6 4 67 (s. CH2) 
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Reaction of (k)-le 
The reaction mixture obtamed from (f)-le (152 g. 20 mmol) was filtered, and the filter cake was washed 

wltb THF (100 ml). The filtrate and the washings were combmed and concentrated m vllcuo to leave an orange 
oll(3 30 g) A pomon (2 1 g) of tins matenal was submitted to pyrolysis m a manner sun&u to that described 
for the preparauon of 2d The &sallate obtamed below 135 “C at 1 mmHg was an equtmdar mixture (109 mg) 
of (f)-2e and (f)-3e (k)-5-Methyl-1,4-&oxane-2,3-dlone [(f)-2e] (1 09 g, 66%) was obmed at 170-300 
‘C as a slightly yellow 011 (ht.49 mp 142 “C), MS m/z 131 (M+ + I), IR ~2.:~~ cm-t 1780 (GO), tH-NMR 
(CDCl3)S 151(3H,d,J=66Hz,Me),446(1H,dd,J=86~d129Hz)and455(1H,dd,J=30and 
12 9 Hz) (CH2). 4 98 (lH, ddq, J = 6 6.8 6, and 3 0 Hz, CH), W-NMR (CDCl3) 6 15 9 (Me), 70 7 (U-W. 
74 1 (CH). 1529 (GO) 

The rest (12 g) of the raw matenal was punfied by flash chromatography [hexane-ethyl acetate (1.1, v/v) 
to afford (f)-3e (44 mg, 5 9%) as a colorless 011, whose IR, tH-NMR, and t3C-NMR spectra were Identical 
with those of an authentic sample72 obtamed by the xeacnon of le and phosgene 

Reactton of lf 
The reachon mixture obtamed from If (3 18 mg. 3 53 mmol) was filtered, and the solid was washed w~tb 

THF (40 ml) The filtrate and the washings were combined and concentrated an vacua to leave a pamally 
crystalhzcd oily residue The 1H-NMR spectrum of this sample showed about 20% of 11 remamed umeacted 
Kugelrohr &stdlatlon of this residue at 0 2-O 8 mmHg and 100-150 ‘C afforded an oily Qsnllate (56 mg) and 
a sublimate (336 mg), mp 67-71 “C The sublimate was extracted with boilmg ether (40 ml). The extracts 
were concentrated to afford crs-5,6-dlmethyl-l,4-dloxane-2.3-&one (2f) (319 mg. 63%). mp 77-79 5 ‘C. 
Recrystalhzaaon of crude 2f from carbon tetrachlonde afforded an analytical sample of 2f as colorless scales, 
mp 79 5-80 5 ‘C (lit 50 mp 78 4-80 4 “C), MS m/z 145 (M+ + 1), IR VP:’ cm-t. 1779, 1771, and 1759 
(GO), 500 MHz 1H-NMR (CDCl3) 6 148 (6H, d, J = 6 8 Hz, two Me’s), 4 87 (2H. m, two CH’s), 13C- 
NMR (CDCl3) 6 15 0 (Me), 76 9 (CH), 153 2 (C=O) Anuf Calcd for C&804: C. 50 00, H, 5 59 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 d~tdlate afforded 3f (15 mg, 3 7%) as a colorless oil, ldenucal (IR and NMR) with an authentic sample 

Reaction of (f)-lg 
The reaction mixture obtamed from (f)-lg (180 mg, 2 mmol) was filtered, and the sohd residue was 

washed with THF (40 ml) The filtrate and the washmgs were combined and concentrated to affoni a mixture of 

(f)-lg (ca 25%), (k>-2g,‘3 (k)-3g. and the polymers. This was submitted to flash chromatography 

(&chloromethane) to afford (f)-3g (81 mg, 35%), mp 34-36 ‘C This sample was tdentical wltb an authentic 

sample 

Reaction of lh 
The reaction mixture obtamed from lh (1 18 g, 10 mmol) was filtered off, and the sohd was washed ~th 

THF (100 ml) The filtrate and the washings were combmed and concentrated IPI vacua The residue was 
dissolved m dlchlorometbane (120 ml), and the soluuon was washed successively with water (40 ml) and 
saturated aqueous sodmm bicarbonate (30 ml). dned. and concentrated The residue was then puntied by flash 
chromatography [hexantithyl acetate (2 1, v/v)] 4,4,5,5-Tetramethyl-13-Qoxolan-Zone (3h) (346 mg, 
24%), mp 173-179 “C, was obtamed as the faster moving component From the fractions contammg the 
slower moving component, 5,5,6.6-tetramethyl-1,4-Qoxane-2,3-&one (2h) (14 mg, 0 8%). mp 108-l 10 5 
‘C, was obtamed after recrystalhzatmn from ether Further elutlon of the column afforded lh (119 mg, 10%) 

Recrystalhzatlon of crude 3h from ethanol followed by subhmanon at 0 5 mmHg and 80 “C afforded an 
analytical sample of 3h as colorless pnsms, mp 178-179 OC (lit 1 mp 176-177 “C), MS m/z 145 (M+ + I), 
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IR ~2:’ cm-l 1779 (C=O), tH-NMR (CDC13) 6 141 (s, Me), t3C-NMR (CDC13) & 22 3 (Me), 85.9(CMe$, 

153 9 (GO) And Calcd for C7Ht203 C, 58 32, H, 8 39 Found C, 58 05; H, 8 59. 
An analyt~al sample of 2h was obtained by recrystalhzation of crude 2h from ether as colorless pnsms, 

mp 110 5-l 11 5 ‘C, MS m/z 173 (M+ + l), IR vri:’ cm-l 1774, 1763, and 1751 (GO). ‘H-NMR 

(CDC13) 6 154 (s, Me), t3C-NMR (CDCl3) 6 23 7 (Me), 85 6 (CMe2). 153 3 (GO) Anal Calcd for 
C8Ht204’ C, 55 81, H, 7 02 Found C, 55 81. H, 7 05 

The carbonate 3h was not formed when the oxalate 2h was treated with oxalyl chlonde m the presence of 
methylamme and its hydrochlonde m THF at room temperature for 5 d 

Reaction of (It)-li 

Accordmg to the reported procedure,46’ the reacuon of (f)-li (496 mg, 2 mmol) and oxalyl chlonde (0 18 
ml, 2 1 mmol) was conducted m dry dlchloromethane The resulting solunon was concentrated to a small 

volume, and the residue was washed with ethyl acetate (50 ml) The washings were concentrated m vucuo to 
afford a mixture of (f)-trans-4,5-bls(bromomethyl)-1,3-dloxolan-2-one [(f)-3i], (f)-trans-5,6-bls(bromo- 
methyl)-1,4-dloxane-2,3-dlone [(f)-211 [‘H-NMR (CDCl3) 6, 5 07 (m, CH)], and the polymers [‘H-NMR 
(CDCl3) 6, 5 30-5 70 (m, CH’s)] Flash chromatography (dchloromethane) of the residue afforded (f)-3i 
(316 mg, 58%) as a slightly yellow solid, mp 74-75 “C Recrystalhzauon of crude (f)-3i from ether afforded 
an analytical sample of (f)-3i as colorless pnsms, mp 74 5-75 ‘C [lit 461mp 76-77 “C for the product 
thought to be (f)-2i], MS m/z 272,274, and 276 (M+j, IR ecl cm-t. 1787 and 1799 (GO), 500 MHz tH- 
NMR (CDCl3) 6 3 63 (4H, m, two CHz’s), 4 77 (2H, m. two CH’s), 500 MHz tH-NMR (CD2Cl2) 6 3 59 
3 73 (4H, m, two CHz’s), 4 77 (2H, m, two CH’s), 13C-NMR (CDCl3) 6 31 3 (CH2), 77 6 (CH). 152 9 

(GO) And Calcd for CsH,$rz@ C, 2193, H, 2 21 Found C, 22 01, H, 2 17 

Reaction of (*))-1~ 

From the reaction mixture obtained from (&)-lj (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 treating It with a small volume of benzene The sobd was 
collected by filnatlon and washed with benzene to afford (k)-5-phenyl-1,4-&oxane-2.3-&one [(k)-2j] (569 mg. 
37%), mp 120-124 ‘C The filtrate and the washings were combined and concentrated The residue was 

dissolved m dlchloromethane (20 ml), and the solution was washed successively with water (5 ml) and saturated 
aqueous sodmm bicarbonate (5 ml), tied, and concentrated The oily residue was punfied by flash 
chromatography [hexane+thyl acetate (3 2, v/v)] to afford (f)-3j (182 mg, 14%) as a colorless 011, idenncal 

(IR) with an authentic sample 
Recrystalhzatlon of crude (&)-2j from benzene afforded an analyttcal sample of (f)-2j as colorless pnsms, 

mp 124-125 “C, MS m/z 192 (M+), IR vaunt cm-t 1758 and 1780 (C=O), tH-NMR (CDC13) 6 4 64 (lH, 

dd, J = 3 3 and 12 9 Hz) and 4 71 (lH, dd, J = 9 2 and 12 9 Hz) (CHz), 5 86 (lH, dd, J = 3 3 and 9 2 Hz, 
CHPh), 7 46 (5H, m, Ph), W-NMR (CDCl3) 6 70 8 (CH2). 78 8 (CHPh), 126 3, 129 3, 130 2, and 1313 
(Ph), 152 7 and 152 8 (two GO’s) Anal Calcd for c1$-$304 C, 62 50, H, 4 20 Found C. 62 52, H, 4 20 

The oxalate (k)-2~ did not change into the carbonate (It)-3j on ueatment in THF at room temperature m the 
presence of methylamme for 18 h, or m the presence of methylamme and Its hydrochlonde for 30 h After 
storage at room temperature for one year, (rt)-2j polymenzed to a considerable extent 

Reaction of (f)-lk 

The precipitate, that separated from the reaction mixture obtained from (f)-lk (37 mg. 0 2 mmol), was 
removed by filtration and washed with THF (20 ml) The filtrate and the washings were combined and 
concentrated m vacua to afford a tarry residue, which contained (f)-5-[4-(&methylammo)phenyl]-l+&oxane- 
2,3-dlone [(f)-2k] [IH-NMR (CDC13) 6 4 56 (dd, J = 3 and 12 9 Hz) and 4 71 (dd, J = 9 9 and 12 9 Hz) 
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Recrystalhzatlon of crude (i)-30 from hexane-ether (1 1, v/v) provided colorless pillars, mp 65 5-66.5 ‘C, 
Idenacal (IR) with an autbenuc sample 

Reaction of (f)-lp 
A solution of oxalyl chlonde (0 097 ml, 1 1 mmol) m THF (4 ml) was added to an ice-cooled solution of 

(f)-lp (180 mg, 1 mmol) and tnetbylamme (0 63 ml, 4 5 mmol) m THF (20 ml) over a penod of 5 mm, and the 
mixture was stmed at 0 ‘C for a further 5 mm The resultmg preclpltate was removed by filtrahon and washed 
with THF (30 ml) The filtrate and the washings were combined and concentrated m vacua to gve a mixture of 
(f)-3p and (k)-2p ‘3 The residue was dissolved m dlchloromethane (15 ml), and the solution was washed 
successively with 5% aqueous clmc acid (5 ml) and saturated aqueous sodmm bicarbonate (5 ml), dried, and 
concentrated The ody residue was puntied by flash chromatography [hexane-ethyl acetate (4 1, v/v)] to afford 
(f)-3p (173 mg, 84%) as an colorless od, ldentlcal (IR) with an authentic sample 

Reaction of (f)-Zg 
Compound (k)-lq (56 mg, 0 25 mmol) was treated 111 a manner slmdar to that described for the reacnon 

with (f)-ln to afford a mixture of (f)-3q and (~)-trans-5-[(4-~methylam~no)phenyl]-6-lsopropyl-l,4-dloxane- 
2,3-dlone [(k)-Zq] [tH-NMR (CDC13) 6 4 66 (dd, J = 2 3 and 9 3 Hz, CHCHMez), 5 44 (d, J = 9 3 Hz, 
CHPh)] Punticatlon of the mixture by flash chromatography [hexane-ethyl acetate (2 1, v/v)] to afford (i)-3q 

(55 mg, 88%) as a slightly yellow VISCOUS 011, MS m/z 249 (M+), IR v~~~‘~ cm-t 1797 (C=O), tH-NMR 
(CDC13) 6 0 95 (d, J = 6 9 Hz) and 1 06 (d, J = 6 6 Hz) (3H each, CMez), 2 01 (lH, dqq, J = 6 9, 6 6, and 

6 6 Hz, CHMez), 2 98 (6H, s, NMez), 4 35 (lH, dd, J = 6 6 and 7 3 Hz, CHCHMe2), 5 18 (lH, d, J = 7 3 
Hz, CHAr), 6 71 (2H, m, aromatlc protons ortho to NMe2). 7 21 (2H. m. aromaac protons meta to NMez), 
13C-NMR (CDC13) 6 17 3 and 17 6 (Cil4e2). 316 (CMe2). 40 3 (NMez), 82 2 (CHAr). 88 1 (CHCHMez), 
112 3, 123 1, 128 1, and 151 3 (Ar), 154 8 (GO) 

Reaction of lh with Oxalyl Chloride in the Absence of Base 
According to the reported procedure,’ oxalyl chlonde (8 9 ml, 0 104 mol) was added dropwlse to lh 

(11 84 g, 0 1 mol) over a pencd of 20 mm with occasional cooling with ice The mixture was stmed at mom 
temperature for a further 1 5 h The resulting precipitate was collected by filtration, washed with ether and 

recrystalhzed from ethanol to afford 3h (3 07 g), mp 178-180 ‘C From the ethanohc mother liquor, were 
obtamed addmonal crops of 3h (725 mg) by repeated recrystallization from ethanol The ethereal washmgs of 
the crude product was concentrated to dryness, and the sohd residue was combined with the xesldue, which was 
obtamed by removal of ethanol from the mother liquor of the final recrystalltzatron Tins 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 pmacol (427 mg, 3 6%) The mam component of the dlstdlate of the 
ethereal washmgs was suggested to be pmacolone by the ‘H-NMR spectrum, and was identified by the 
formation of the oxime ‘5 
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