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Abstract: The preparation of a conjugated pyranoid vinyl glycal 

is reported, along vith several of its thermal 14+21 cyclo- 

addition reactions vith a variety of dienophiles. Applications 

to the anthraquinone antitumor agents are discussed. 

Carbohydrates, both as chiral educts and as targets of fynthetic endeavors, 

still occupy a highly valued position in organic chemistry. One type of sugar 

moiety vhich lo remarkably underdeveloped fs tile qlycal unit containing a 

conjugated (substituted) vinyl residue vhich should bc capable of effecting ‘chlral 

transcription’ 
3 

u Diele-Alder processes vith appropritte dienophiles. Ne are 

avare of only tvo literature examples of euch a process, 

furanoid glycal. 
4s 

one of vhich involves a 

We envisioned construction of a pyranoid analog, e.g., vinyl 

glycal 1, which upon I4+21 cycloaddition vith an achiral tricyclic quinone 2, 
5 

vould lead to the carbon skeleton characteristic of a number of anthraquinonc 
6 

antitumor agent (AM) aqlycones , e.g., adr ianycinone, 1. Dy the ludicious choice 

of stereochemistry for the alkoxy group at the anomeric center in 1, approach of 

the dienophile should be controlled based primarily on eteric factors. Exo/endo 

selectivity, vhile expected in an intermolecular case to be primarily the latter, 

16 irrelevent in terms of the overall synthetic objective (i.e., these two centers, 

C-6’and C-lo’, would be lost en u to 11. Por the D-glucose derived vinyl qlycal 

U (P1 - hydroxyl protecting group), unidirectional approach of a quinone from the 

o-face vould translate into generation of the required C-7 hydroxyl function (AAA 

numbering) in protected, homochiral form. Roreover, the resultant double bond at 

C-0, C-9 is euitably positioned for epoxidation’-hydride reduction* of the free 

allylic alcohol in the nevly formed aglycone A ring, vhich vould thereby establish 

C-9 of correct absolute stereochemistry. Such a strategy for AAA aqlycone synthesis 

has the potential as well for applications to the preparation of the carbohydrate 

portion of these sagme natural products. Since these tend to be aminoqlycosides 

(e.g., daunosamine) , there is incentive to investigate reactions of heteroatom 

dienophilee vith vinyl qlycals. Of course, the desired location of the amino group 

in the target sugar vi11 dictate the positioning of the butadlene framevork in the 

precursor. Hence, in principle, pyranold vinyl qlycale may enjoy the unique 

* Dedicated to Professor E. C. Taylor on the occasion of his 65th birthday. 
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opportunity to serve as precursors to u components 

we describe the preparation of a conjugated pyranoid 

model studies of its Diels-Alder reactions aimed at 

aglycone and aninosuqar syntheses. 

of the AM’s. In this report 

vinyl glycal, tin, along with 

addressing both goals of AM 

Ownoromlno ’ I 1, Mrlrmyclnon 

Preparation of Vinyl Glycal h. 

As illustrated in Scheme 1, the synthesis of vinyl glycal gh begins with 

commercially available a-D-meth lglucoside (Al, the benzylidenation of vhich qives 

5. 
10 

Treatment of 5 vith Bu SnO in hot 1OI BeOH /benzene folloved by cooling to 

10°C and introduction of be%toyl chloride and Et N 

6, alon: lv2ith 
.3 

(1.5 equiv) 
19 

ives monobenzoate 

varying amounts of the correspondlnq dibensoate. aern oxidation 

at -78 c gives the 3-keto suqar z, vhich adds vinyl Crignard (but not 

vinyllithium) cleanly and quickly predominantly from the equatorial face,l’ 

affording B (B(t). Saponification of the benxoate gives a a-vicinal dlol which is 

best c;;verted to the thlonocarbonate 2 in refl;;ing CHCl 3 using thiophosgene (1.5 

equiv) in the presence of excess inidatole. upon thecnolysis of 2 in neat 

1.1 .QJlveu+o 

10%~~. A 

2.1 quv PhcOBf 
El+ lrp CR 

S 

2%r4aoWH 1.5 .Q Cll’C, 

r, ldmh ‘W - 
N\NH 

(EO,P. A / 
p (75435%) 
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(et01 P, v nyl glycal b is produced (49% isolated, 

1 l4 

72t based oa recovered starting 

mater all as a stable, white crystalline solid. Thermal decomposition of 2 to b 

is performed under relatively dilute conditions (m.O.OSfi) and stopped prior to 

consumption of thionocarbonate, since prolonged heating generates products of 

cycloaddition of h vith itself. 

Cycloedditlon Reactlone of Vinyl Clycal b. 

The Diels-Alder reactions of b vith several carbon dienophilee (l-3 

eguivalentel vere investigated, an summarited in scheme 2. Naleic anhydride and 

dimethyl acetylenedicarboxylate reacted smoothly in refluxing CH2CN to each afford 

a single cycloadduct, 1p and u, respectively. Dimethyl fuaarate qave a lrl mix of 

regioisomeric products 12 and u under similar conditions. A number of 

dienophilea d d 
lb 

not undergo reaction vith 
17 

butadiene k, includinlga diethyl 

ketomalonate, a-acetoryacrylonitrile, and a-chloroacrylonitrile. Using 

excess ditnophilt and prolonqtd reaction times (>24h) and relatively elevated 

temperatures (rtfluxing tolutnt) dld not afford any of the desired cycloadductc. 

Rather surprisingly, only pro$;;s of self-cycloaddition vert observed. Attempts 

to use Levis acid catalysis ’ (e.g., ZnC12, (+I- u(hfcl21 
11 

either lead to no 

reaction or, on occasion (vith e.g., BP; Et20), the decomposition of the 

starting ditnt, not unexpected given the presence of the btnrylidtnt moiety. 

Schcoc 2. 

l 6olml 

The stereochemistry of the adducts vith regard to the ntvly formed chi ral 

center at C-2 in the pyranoet rinq vas anticipated from models vhich clearly 

indicate that for ltht a-glycoeide, 1, B-fact attack by a ditnophilt should be 

highly preferred. H NMR analysts of the C-l, C-2 coupling constant for the proton 

at the anomtric center (J - 5-B Rzl confirms the directionality of the 

cycloaddltionlto be as prt feted, in all casts. d2 The rnQn nature of adduct 1p 

follow3 f ram R NhR analysis, vhich shove a J 
2 0 

4 

value of 5.4 ,Rz indicative of a 

g,i~ CtlatiOnhhip bttvttn R-2 (6 2.81 ppal and H- 0 (6 3.59 pp~). 

Of particular interest, both p-quinont u and naphthoguinont u utrt liktviae 

exposed to h in CH,CR or tolutnt. It was gratifyinq to find that each afford 

P 
gain one major product (16 and u, respectively) in excellent yields (Scheme 3). 

H NHR analyses (J - 811x1 dictate that each is derived u addition to vinyl 

glycal h from thi*fact avay from the methoxy group. Assignmen 
\ 

of each major 

product as rtsultlng from & or R&,Q addltion also follovs from H NHR data for 

H-10 vhich appears at 5 3.61 ppm aa a triplet, indicative of a collapsed doublet of 

doublets resulting from the m relationships bttvetn H-2,10 and R-9,10 in Lb. In 

the came of naphthoquinone, a second product assigned as the u isomer vas 

isolated in 99 yield, vhich shoved a J 
1,2 

value of 7.5 Hz likevist implying topside 

attack to diene b. Rtnce, of the four possible products vhich may form from the 
cycloaddition betveen b and either u or fi (i.e., 4-fact/exe and/or endo, 
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a-facc/cxo and/or tndo), only one io hlghly favored (i.e., the fact opposite to the 

alkoxy group at the anontric center). Based on these rtault8, it follows that 

cycloaddition of 1p is txptctStd to lead to the desired C-7 hydroxyl group bearing 

the natural 7s configuration. 

To test the proeptcte for aminoglycoeidt generation, b vaa reacted vith 

ditnophilts u and tp. Both cycloadditione proceeded readily, each affording a 

single product in good yield (Scheme 4). Thus, given the option of locating the 

vinyl group a8 desired on 

absolute ettrtochtmistry of 

that nitrogen can indeed be 

scneme 4. 

the qlycal at, e.g., C-2,3,or 4, and the choice of 

the atarting material (i.e., a D or L sugar), it rittms 

introduced onto a pyranoee skeleton. 

Summary 

A conjugated pyranoid vinyl glycal fb) hae been prepared from D-glucose and 

it’8 Ditls-Alder reactions studied vith a variety of carbon and nitrogen 

ditnophilts. Both ntv carbocyclic rings and amino sugars have been rtalirtd from 

this scheme. In the specific cast of quinont cycloadditions, control of facial 

attack onto b to afford a predominant, if not exclusive cycloadduct argue8 in 

favor of pursuing the preparation of 1p, the cycloaddition of vhich may ultimately 

lead to the A ring characttrlatic of the anthraquinone antitumor agents in 

homochiral fashion. Further vork along these lines, including variations in double 

bond locations and intramolecular processes, vi11 be reported in’due courrrt. 
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Bxperi8ental Sectfon 

GsnmAa. ‘A-NMR apcctra wure13cecorded at 300 M”x (Nicoiet NIc300) or 500 “Hz 
fueneral %lactric CN-SOOl. C-NHR spectra vete recorded at 125 “Rr (CN-5001. 
Chamicrl shift8 for proton and carbon resonancea are reported in pp (61 relative to 
tatremetlwlallene (40.0). infrared (XR) spectra vere recorded on a Perkin Elmer 
“ode1 263. Dptioal rotationa vere maarured vith a Rudolph Inatcumrnta Autopal III 
at the aodium D-line (unleae otherviae qecifiedf. ~aaa l pectrometry data vere 
obtained on a VG 70-25OEP instrument. “eltinq pointa are raported uncorrected a8 
taken on a Pisher-Johns l pparatu8. 

TLC vaa parformed on E. “erck C Co. TLC plates (0.25 mm) prtcoated vith silica 
gel. Silica gel 60 for flaah chromatography vaa purchased from Pluka (230-400 
ncah). TRP vaa dietilled from sodiuxv’benzophenone kctyl. Trfethylphosphite vas 
stirred over sodium overnight. decanted. and distilled under reduced prtasure. 
Tolucne vaa diatillcd from a-odium. 
(SS, a mixture of Petroleum ethera) 

Imida~ole vaa sublimed before use. skeily Sope 

Chloroform vaa diatilled from P D 
vaa diatilled at a boiling range of 40-50 C. 

Dioxane vaa diatilled f&m lithium aluminum 
hydride. Benraldehyde, acetodil?;ile, methylene chloride, dinethylsulfoxide, 
triethylamine, benxene, methanol, and dimethyl scetylenedicrrboxvlatc vere dirtilled 
from CaH Methyl-o-D-gluco 
Dibutylth’ oxide, Yy 

rsnoride vaa -obtained from Pfan&iehl Laboratories. 
vinyluqnec urn bromide (as l.Om solution in TH?), and thiophosgene 

vere purchased from Aldrich. 

All experiment*, unleaa otherwise indicated, were performed under an Argon 
atmosphere vith magnetic stirring. 

“ethyl-4,6-0-benxylidene-a-D-glocopyrenoai#e, 1. 

-3.9,9.3”tl, 3.93 
(t,lH,J-9.3Ht1, 3.02-3.78 (x1,1”), 3.75 (dd,l”,J-9.3,10.2”t). 3’.63-3.58 (br m,l”l, 
3.51 (d,_\“,Jm9.0”t), 3.46 (8,3”), 3.02-2.90 (br s,l”), 2.52-2.37 (br a,lH)t IR fK%r 
disc) cm 
lOOOr 

, 3400, 2930, 2860, 1630, 1450, 1373, 1210, 1190, 1140, 11+25, 1070, 1030, 
179 

(251, 162 (131, 149 (141, 133 (301, 107 (baaed, 106 (201, 105 1981, 92’ t::;, ?? 
EI”S m/t (relative intensity), 282 (” ,101, 261 (71, 251 (M -OCR 

(291, 75 (531. 

(m,ZHf , 7.59-7.37 (la, 8”1, 5.84 (II, 

16901 (n +1,7’:50, 1380, 1270, 110% 1045, 1025, 9851 CIM m/r (relative intensttyl, 387 
386 (n ,31. 385 t” -1,71. 

105 ClOOi, 77 (19). 
355 (191 261 (7), 249 (111. 149 (131, 107 (II), 

Hethyl-2-0-benxoyl-3-oxo-4,6-O-benxylidene-a-D-gluco~ranoaide 1. 

to 
Ox@yl chloride (0.39 mL, 4.5 mm011 vaa taken up in 9.0 mL dry CR Cl and cooled 

-75 c. OHS0 to.64 mL, 9.0 mmoll in 1.5 mL dry CH Cl 
equaliting addition funnel. The reaultlnq clear bub D?li& 

VW added 2d a pressure 
aolution vea stirred at 

-75 C for 10 ain and then the funnel VW charged vith 5 (1.580 9, 4.09 mmolf that 
had been dried axeotropically vith toluene and dissolved in 3 mL of 1:1: 
CH Cl rD”S0. The solution~vas added over 10 min and the resulting milky 8OlUtiOn vaa 
atfrr&d for an additional 20 mfn, at vhich time dry triethylanint (2.8 mL, 20 mm011 
vas added dropvlae to give an unstirable mixture. - The reaction vae then alloved to 
varm to ambient temperature, and after stirring for 30 min. it vaa vorked up by 
pouring into 10 mL H 0 and 15 mL CH Cl 
combined organic ext&ts vere vaehe d v?th”n~r~~~ra~~~~dv~~~rc~~~~~rd~~l~am~~~ % 
the volatile8 vete then removed &I youus. 1sol;tion of the ketone 1 vaa2e&cted 
a silica gel chromatography eluting vith St acetone in CR2C12 (Rf - O.S%), to give 

1.395 g l(89tl product; mp 212-21S” (lit. 211-213°)13t 1~1~~~ = +97.dG fc 1.0, 
CHC131 ? R-NHR (300 NHz, CDC13), 6 8.13 (d,Z”,J-?.2”rl, 7.65-7.36 (m,8H), 5.63 

td,lH,J2,1 - 4.2~~1, 5.60 (8,lHl, 5.35 Id,lH,Jl,2 - 4.2”~)~ 4.80-4.41 fm,tHl, 4.20 

idt,l”,J5,6ag - 4.5, J5,( -J5,6ar = 9.6”xf, 3.99 [t,1”,J6a,,S = J6ax,6eg - 9.9Hrf, 

3.50 (8,3%1 t 13C-NNR (125 XHx, CDCl 1 6 191.86 
129.26, 120.73, 128.39, 128,31, 126,3?, 101.85, lblf~~;1fi.0143,6.~47.8*0f336~~82j,1~~:~3: 
55.65 ppsr XR (Wr disc) cm 

1450, 1405, 1390, 1336 
3070, 3040, 3010, 2980, 2950, 2940, 2880, 1760, 1730, 

1605, 
(relative intenatty 1, 384 (I;+, 

1290, 
0.2), 

1265, 1415, 1090, 1050, 990, 9801 EI”S m/x 
383 (t4 -1, 0.31, 353 fO.Z), 176 (6.11, 106 

(9.71, 105 (1001 77 (21.91. 
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The ketone 1 (2.230 q, 5.81 mmol), follovinq areo~topic drying vith tolucnc 
(2x5 mLf, vas taken up in 39 nt dry TBP and cooled to -78 C. Dropvise addition of 15 
mL of a In solution of vlnylmagne~ium bromide j,n THF .over 10 mln gave an orange 
coloured solution that vas alloved to atit at -75 C for 0.5 h. The reaction ntxture 
uao then quenched with 10 mt of l atutated B’B Cl, 10 I& H 0, and diluted with 40 mL 
ethyl acetate. After varming to room temper&we, the hoduct vas extracted with 
EtDAc (5x25 RLf, vaahed vith brine, and dried over anhydrous Na8S34i~~q:,“,;;;l~; 
were then removed lp yp~yp and the reeolting re8idue was fla8 
silica, elutinq vith 308 acetone in SS. The allylic alcohol fi (Rf - 0.44) vaa 
obtained in 77t (1.85 g) yield along with 165 019 of etartiaq ketone (Rf - 0.26)t 
hence, 848 fared on recovered starting material; mp 60-63 ; ia) 24 * +98.4 (C 
l.O,cHCl It If-NIIR (500 HHz, CDCl ), 6 8.12-8.07 fm,ZR), 7.62-7.57 &,lM), 7.50-7.33 
(m,7R), 3.79 (dd of ABX syrtem,lH!JX,B - lO.S,JX,A - 17Hx) 5.595 (d of #3X,lR,JAIX - 

18821, 5.59 (r,llI), 5.28 (d of A&X, lti, J8,x - ll.SWr), 5.11 (d,lH,Jl,2 - 4.082) 

5.04 Id,lH,J2,1 - i.OHt), 4.42 fdd,lB,J6,q,5 - S.OHZ,J~~,~~~ - 1OHxlr 4.27 

(dt,llI,J5,6e,7 - 5*08X, J5,6ax - lOHs), 3.81 (t, lH,J6ax,6sq - lOliz), 3.64 (t,lH,J4,5 

” S.ORX), 3.62 (s,lB). 3.48 (6,3H); XR (CHCl ) cm-’ 3510, 3070, 3020, 2940, 2875, 
2860, 1720, 1600, $585, 1450, 1380, 1320, 1274, 1215; 1105, 10001 EIHS m/s (relative 
intensity), 411 fn -1,0.21, 381 (O.t), 234 (5.61, 233 (17.91, 149 (2.61, 146 (2.21, 
112 f11.8), 106 (lO.l), ADS (1001, 95 (3.31, 91 (4.47, 77(16.51. 

Nethyl-3-vinyl-4,6-O-benzylidene-o-D-allopycanoaide. 
Eater fi (1.70 g, 4.13 mraol) vaa dinsolved in 5 mL methanol and treated with 10 

nL of 28 NaOX in HeOH at room temp. The saponification vas complete after 10 min 
and the mixture vas then quenched vith 10 BL saturated NH4Cl and immediately diluted 
with 50 aL ethyl acetate and 10 mL water. The product naa extracted with EtOAc (5x20 
mt) and waehed with brine. The combined aqueoue layera vere back extracted with 
EtOAc (2x15 rnL). The combined organic extracts vere dried over anhydrous Na SO 
and the volatilea removed h m. The reeultinq residue was flaeh chroaatogra b 8 he 
on etlica gel eluting vfth 308 acetqpc in SSOtotcgi;eo thfe8!~I-,viftnal 
0.27) in 92% (1.172 g) yield. Ial, - +123 l , 3 

H-NM “:%O ‘%iZlz: 

cDC13), 6 7.50-7.43(mr21i), 7.39-7.32 (s,3H), 5.86 (dd of A8&, system,lH,JX,8 - 

ll.7Rx,JX,A - 16.6!!2), 5.55 fs,l!ll, 5.54 (d of &BX,lH,JA, -17Hz1, 5.39 (d of 
&&X&%J8,X = 10.5Ht1, 4.82 (d,lH,Jl,2 - 3.9Hxfr 4.38 fdd o 3 A&‘XX’ system vhere 

JA, A’ - JA,X,1&J6w,S- 5.4H2, JSg,6ax - 10.2Ht), 4.11 (dt Of AA’XX’ 1R, J5,6_ 

“5.4Ht. J 
5*4 IJS, 6ax - 10.2Hrl, 3.77 (t of AA’XX’ ayetem,lH,J6ax,5 - J6ax,6eq - 10.2 

Hzf, 3.61 fdd,lH,J2 1 - 3.9Ht,J2 alc - 10.8Hz)r 3.51 (multiplet with predominant , , 
singlet, IH), 2.90(a,lH) 2.58 (d,lH,Jalcoho~ 2 - 10.8Hz)~ IR (ROr disc) cm-‘, 3490, 

, 
3070, 2970, 2940, 2900, 2840, 1650, 1430, 1410, 1370, 1270, 1210, 1120, 1085, 1070, 
1000, 9851 GINS m/z (relative intensity) 309 (N’+1,6.7), 277 112.21, 259 (7.81, 199 
(10.01, 179 (27.21, 177 (ll.5), 171 (21.61, 157 (42.4), 153 (45.21, 129 (57.01, 125 
(38.01, 107 (1001, 105 (33.61, 31 (30.91, 79 (23.5). 

Xethyl-2,3-0-tbionocarbonate-3-vfnyl-4,6-O-benxylidine-~-D-allo~ranoelde, 2. 
In a 25 IL 2-neck round bottom flask , the a-vicfnal dfol (1.170 9, 3.80 mm011 

Watt aseotroped vith toluene (2x3 x&f and then taken up in 9.5 mL dry CHCl to which 
sublimed imldatole (1.05 g, 15.2 mm011 was added. The flask was equip cd with a ? 
teflux condenser and the solution heated to reflux. Then utilizing a eyrinqe pump, 
thiophoeqene (0.43 mL, 5.7 mm011 vas added as a lu solution in CHCl 

? 
OV@K 0.5 h. 

The solution immediately turned yellow/orange (color of thiophoegene and a vhtte 
precipitate (imidaxole-&#Cl) vaa formed about halfvay through the addition. After 12 
h, the mixture vas cooled and treated with 5 mL eaturated ?KH Cl, 5 mt of H 0, and 
diluted vith 50 mL ethyl acetate. The product vau extract8 d4 vith EtOAc (5120 mL) 
and washed with brine. The combined aqueous layer6 vere backed vaehed with EtOAC 
(2x10 mL) and the combined organic extracts were dried over anhydrous Na SO . After 

is B filtering through a silica gel plug vith 301 agetone in SS, t?fi thiono %r ;;a:eOP 
(1.16 gl vas obtained in 87% yield: mp 74-77 (glassI t 11 ID - +219 . , 

CHC131: ‘H-NW (300 I~HX, CDC13) 6 7.48-7.47~~ (m,ZH), 7.37-7.35 (m,3H), 5.88 (dd of 

ABX,lH,JX,, - 10.8!1z,Jx‘A - 16.8~21, 5.63 (d of ~BX,~H,J~,~ - 17,1Xx), 5.54 (s,lHf, 

5.50 (d of ABX,lH,JB x - ~O.~HX), 4.95 (d,lll,Jl,2 - 5.4Hz), 4.76 (d,lH,J2,1 = 
* 
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s.4ftr1, 4.39 fdd,lR,J6w,s - S.tR~,J6~,6ax = lO.ZHzf, 4.22 (m,lRt, 3.77 (m,ZHf, 

3.48 trr3Rlt IR (CRC1 ) car-’ 
1095, 1080, lo!&, 

, 3020, 2940, 2870, 1815, 1450, 
990; CIRS m/z (relative intensity), 

1370, 1325, 1310, 1220, 
3111 rn +l, 22.41, 350 

, S.Sl, 319 (3.S), 273 (3.91, 245 (9.01, 18s (13.81, 141 (lS.l), 139 (11.4), 135 
(12.3fr 127 (15.11, 125 (3O.S), 124 (35.1), 121 17S.21, 107 (loo), 105 (41.71, 97 
(30.71, 95 135.71, 91 (35.71, 79 (37.81, 77 (17.3). 

To 20 nL of dry tritthylphosphite uas added 331 ng (0.945 maol~ of 
thionocarbonate 2. The 0.047 8 solution vaa not homogcntoas until htattd. Tht 
solution was subjected to rtflux for 7.5 h (at which time subuequtnt cycloaddition 
vas observtd by TLC). Xt was then cooled and the bulk of tht solvent was rtmoved by 
vacuuIL distillation vith minimal heat applitd. To the residue vaa added 7 ml, A 0 
and 15 mL ethyl ether. The product uas txtcactcd vith Et 0 

? 
(6x15 xu,). The combinad 

organic layers vete thtn vashcd with brint, dried ova 
volatilts vtrt removed h m. 

anhydrous N~~O&rntnddt~~ 
The resulting rteidut vas flash chro 

8iliCa gel tluting with 308 acttont in SS. 
obtained (R 

The dtaired butaditnt (128 ~9’ was 
- 0.64) in 49% isolated yield as Zinc vhitt nttdlea, mp 130-133 . The 

remaining &reacted thionocarbonatt (0.30 mmoy3 
of b bastd on rtcovertd starting mattrialt (a] 

va8 recove&ed, giving a 7281yitld 

36Snm - -52 (c 1.0, CHC131; H-NHR 

(300 Wit, CDC13), 6 7,SO-7.47ppm Im,2fil, 7.38-7.35 im,JHl, 6.28 (dd of AR&, lH,JX,R 

- 11.4li~,JX,~ - 17.7 Rz), 5.73-5.70 (m,2Hl, S.64 (s,lH), 5.22 (d of A&X,lH,JR,X - 

ll.lAZl, 4.95 (d,lH,Jl,2 = 2.1Rzl, 4.33 (m,ZH), 3.98 (dt of &A’XX’rlH,JA,X = 

4.SHz,Jh,A, =8.7Hz, and JA,x - 10.2Hz1, 3.85 (t of M’fX’,lH,JX,A = Jxcx - 10.2X21, 

3.4s (8,3~1 f 13C-NllR (125 NH2 
126 09, 123.94, 118.38, 101.83’ %%t’* 7: ::8*7Hd 3:37643s;0 

132.70, 128.90, 128.19, 
55.74; IR fK8r disc) 

cm-l, 3110, 3095, 3070, 3040, 2$95,‘29$0, i946, 29’20; 2880, ‘2040, 1825, 1735, 1605, 
1500, 1470, 1450, 1390, 1365, 1350, 1320, 1310, 1300, 1275, 1215, 1200, 1190, 1150, 
1135, 1090, 1070, 1050, 1020, 990, 970, 950; EIMS m/z (rtlativt intensity), 274 
(H ,2.5), 243 (14.21, 168 (19.51, 150 (lo.)), 149 (87.41, 125 (41.7), 108 (21.11, 
107 (18.03, 105 (24.3), 97 (24.6), 95 (30.1), 91 (1001, 81 (15.81, 79 (24.81, 77 
127.81; RREI, observed m/z: 274.1187, calculated : 274.1205. 

Preparation of carbocyclic adduct ;Lp from aaleic anhydride and vinyl glycal 19. 
In a 5 ml round bottom flask equipped vith a rtflux condtnstr was placed the 

9lycal ti (31 m9, 0.113 mmol) and sublimed maltic anhydride (25 m9, 0.255 mmol). 
The mixture vas taken up in 0.5 mL dry acctonitrilt and htattd to reflux for 1.5 h. 
The mixture uas then cooled and the volatilts removed under vacuum, Tht resultant 
rtsidut vas flash chromatographtd on silica gtl tluting vith 58 Et20 in CH Cl . 
Tht product 1p (Rf = 0.46) vas obtaining in 70% yield 129.3 mql as a clear oi t 2 1 

lalDZ4 - +79O ic 1.4,CHC13), ‘H-NIIR (300 HRx, CDC13), 6 7.50-7.47 (m,ZH), 7.38-7.36 

(m,3H), 6.11 (8,1X), 5.61 (s,lH), 5.s2 fd,lH,J 4.37 
(dd,lH,J-3.lRz,9.0Hz). 4.23-4.19 (br.m,lH), 3 . 8 &? 7 3- (Y2Y:: 3.59 

(dd,lH,J=S.4Hz,9.9Hz), 3.49 ts,3H), 3.46-3.42 (m,lH), 2.81 (dd,lH,J-7,2Hz,lS,9Hz), 

2.65-2.62 (x1,1X), 2.29-2.18 tbr.m,lHlt IR (XRr 
2860, 1850, 1780, 1450, 1385, 1330, 1230, VSO, 
970; CInS a/x (relative intenaityf, 373 (n +l, 
(12.2), 313 (17.81, 274 (5.11, 273 (28.3), 267 
(31,S)r 207 (26.51, 177 (32.61, 149 (95.3), 105 
372.1249; calculated: 372.1249. 

disc) cm-‘, 3070, 3040, 2960, 2940, 
1140. 112s. 1090. 1075. 1035. 1000. 

3.6),- 372 in*, C;Ol, 3jl (3.81, 34i 
(22.51, 235 (50.31, 223 (37.51, 221 
(44.91, 91 (lOO)f RRCI observed m/z: 

Prcparetion of carbocyclic adduct u ftoa disethyl acttylenedicarboxylate and vinyl 
glycal Ir. 

In a S mL round bottom flask equipped vith a reflux condenser vaa placed the 
diene ti (32.0 m9, 0.117 mmol), 
0.5 mL of dry acetonittilt, 

diatthyl acttyttntdicarboxylatt 150 LL, 0.3s nwol), 
and the mixture vas then heated to rtflux. After 8.5 hr 

the diene had bttn consumed and the volatilts vtre rtmoved &l y1u1p. 
rtsidue vas flash chromatoqraphed 

The resulting 
on silica gel eluting with 5% Et 0 in CH Cl 

The vinylic diesttr u (Rf - 0.35, 35.4 mgl vas isolated in 731 yield as a ahi$; 

solidt ap 140-142’1 lalD23 - -3lO (c 1.0, CHC131t ‘H-NHR (300 MHz, CWjl, 6 

7.51-7.48 fm,ZHl, 7.37-7.35 (m,3Hl, 6.16-6.14 (m,lHl, 5.63 (s,lH), 4.66 id,lH,J1,2 - 

7.5 Hz), 4.35 (dd,lH,J - 3.3Hz,9.9Hz), 4.12-4.03 (m,ZH), 3.82 (sr3Hlr 3.79-3.72 

(m,SR), 3.35 (S‘JHf, 3.28-3.12 Im,lX), 3.05-2.91 (m,llo; IR flcsr disclcm-‘, 3040, 



2990, 2970, 2950, 2910, 2845, 1730, 1635, 1455, 1435, 1390, 1380, 1360, 1280, 1260, 
1250, 1200, $160, 108S, 1060, 995, 955~ CIRS m/t (relative intensity), 417 (N +l, 
1.7), 416 (R , 1.71, 415 (1.91, 385 (47.61, 383 (25.21, 353 (41.31, 32s (38.2), 324 
(17.01, 279 (89.61, 265 133.01, 251 (17.71, 250 110.11, 249 (24.51, 247 (29.0), 218 
(1~01 I 189 (93.21, 149 (48.13, 121 (43.61, 10s (40.31, 91 (56.1); HRCI observed m/r 
IR -OCH3, C21H21071: 385.1274, calculated: 38S.1287. 

Preparation of U and U from dimethyl funarate and vinyl glycal a. 
In a SmL round bottom flask equipped with a rcflux condenser, the dlenc & 

(28.3 mg, 0.103 mm011 and dimethyl fumarate (30 rag, 0.206 mmol) were dirsolvsd in 
0.5 mL of dry toluene. The mixture wan heated to reflux for 9 h, at which time the 
diene had been consumed, and the volatile8 were then removed in w. The 
resulting residue was flash chromatographed on silica eluting with SN Et20 in 

%& of each product. 
The tvo regioieomers 1&2 and n) were readily separable affording equal 

The fir6 
vere obtained 132.5% yield); Iof, 

~3tronber tooelute was u (Rf - 9.42) and 14 mg 
- -78.0 (C 0.75, CHC13)# R-WRR ~300!4H2, 

CDC131, 5 7.50-7.48 fm,2H), 7.37-7.34 fm,3H), 6.13-6.10 fm,lRl, 5.61 (s,lH), 4.66 

(d,lR,Jl,2 - ?.SHtl, 3.70 (dd,lR,J-4,2Hr,9.9HI), 4.15-4.10 fm, 281, 3.74-3.67 

fmultiplet with prominant singlet,?H), 3.33 (8,3ftf, 3.29-3.20 fm,lRlr 3.18-3.12 

(m,lH), 2.96-2.89 (m,lA), 2.52-2.30 (br.m,ZHlr Ii? (KRr disc) cm-l, 3040, 3010, 2990, 
2960, 2940, 2890, 2840, 1740, 14SS, 1445, 1435, 138S, 1360, 1355, 1325, 1285, 1275, 
12SS, 1210, 1200, 1)80, 1165, 1080, 1060, 1015, 1005, 990, 95s; CXHS m/t (relative 
intensity), 418 (14 , 51, 401 (10.31, 387 (61.11, 385.5 (35.41, 355 (18.01, 354 
(29.01, 327 (20.91, 282 (16.81, 281 (1001, 267 f1?.8), 251 (23.81, 249 118.4), 221 
(24.9) 220 (l?.S), 209 (14.0, 192 flS.91, 177 119.01, 149 (98.41, 121 (54.81, 105 
(32.41, 177 (19+.0,, 149 (98.41, 121(54.81, 105 (32.41, 91 f46.81, 99 (22.0); HRCX 
observed m/x (II -=H3rC21H230?f : 387.1444t calculated: 387.1443. 

The secosq r_egi;i;8mefrc t; ;iut;HC;dsj fYHfPAR* ~~9)R~~d l&ngl Ye;e ,oMff;nf$ 
‘(;“;A;’ t I-J 1 

# , 7.374.34 (m,iH?, 6.06-6.63 fm,l%), 5.61 tfs,lH), 4.S’e (d,ld,jl 2 -‘7.SH;lr 
t 

4.36 (dd,lH,J - 4.SHz,l0.2Htl, 4.15-3.98 fm,ZH), 3.73-3.70 (multiplet vith prominant 
singlet,lH), 3.67 (8,3H), 3.34 (0,3Hl, 3.26-3.21 (m,lHl, 3.05-2.97 (m,lR), 2.64 
(t,lH,J - ll.lHtl+ 2.57-2.54 (m,lH), 2.34-2.21 (br.m,lHf; CIHS m/z (relative 
intensity), 447 (H + C2Hs, 6.81, 401 (11.81, 388 (16.81, 387 (71.61, 386 (37.31, 

358 (10.61, 3s7 (21.71, 355 (34.71, 354 (S4.1), 327 (40.13, 326 (47.41, 281 (1003, 
267 (25.61, 252 (42.21, 251 (27). 249 (29.61, 221 (46.7). 220 (39.71. 192 (531, 149 
(90.3?, 133 (31.01, 121 (55.21, 105 (62)-, 91 183.6); HRCI observed m/r- (MT 
-OCH3,C21H230,): 387.1429, calculated 387.1443. 

Preparation of 16 from 1,4-benxoquinone (Ml and vinyl glycal In. 
In a 5 mL round bottom flask equipped with a reflux condenser, the diene (31.5 

mg, 0.11s mm011 and quinone (25 mg, 0.23 mmol) were dissolved in 0.6 mL dry 
acetonitrile and heated to reflux. After 4 h, the diene had been consumed and the 
mixture was cooled and the volatile8 removed b w. The resulting residue was 
flash chromatographed on silica gel, eluting with S$ Et 0 in CH C1 The 
anticipated semiquinone && IR - 0.361 uas isolated, in 9St $42.0 ngl $ielb as a 
colorless oil; H-NRA (500 HHd, CDCl 1 6 7.50-7.48 (m,2Hl, 
(d.lH,J-lO.OHxl, 6.58 (d,lR,J-lO.O~x~, 5.84-5.82 (m,lRf , 

7.35-7.34 Im,3Hl, ;A’: 
5.62 (s,lH), . 

(d,lH,Jl,2-8.0Hx), 4.40 (dd of Wi’roC, J,,,A, - J~,X,lH,J6eqs - S.0Hx,J6eq6ax * 

lO.OHt), 4.33-4.31 (la of AA*&,lHl, 4.02 (dt of IU’N&,1H,Js,6ea - S.0R2,Js,6ax - 

JS,4 * 10.0 Htl, 3.75 (t of bA’HX,lH,J 6ax,6eq * J6ax,S - 10.0~~1, 3.61 

(t,lH,J*I.OHxl, 3.40 (s,3H), 3.24-3.19 (m,lH), 2.90-2.84 (m,lHf, 2.54-2.47 fm,lHl, 

2.24-2.18 (m,lH)$ IR (KBr_piscl cm-‘, 2950, 2840, 1690, 1450, 138S,+ 1265, 1140, 
1115, 1085, 1060, 990 cm t CIMS m/t (relative intensityl, 382 (H , 4.11, 3Sl 
(21.51, 350 (18.71, 274 (18.71, 273 (idO), 245 (4?.8), 149 (71.81, 121 (20.61, IO? 
(28.71, 105 (41.81, 91 (81.9), 
calculated t 382.1416. 

77 (28.9); HRCf observed m/z (C22R2206f : 382.1427, 

Preparation of u and u from reaction of l,4-naphthoquinone (ul and vinyl gfycal 
tin. 

In a 5 mL pear shaped flask equipped with a reflux condenser, the diene b 
(41.2 mg, 0.15 mmoll and naphthoquinone OS.? mg, 0.225 mmoll vere dissoved in 0.6 
mL of dry toluene and heated to reflux. After 4.5 h, the diene had been consumed 
and the volatlles uere removed h m. The resulting green residue was flash 
chromatographtd on silica, l luting with CH2Clz. The first cycioadduct to elute 



DicltAkk fucuons or 6 pyranold nnyl &cd 3363 

yidld: 
(R -0.29) was the Broduct 

mp 215-218 
oflB-facial/cxo-addition, LB, was isolated (6.2 mq) in 9% 

(decl ; H-NRR (300 MHz, CDCl 1 6 8.07-8.04 (m,lHl, 7.96-7.93 
(m,lHl, 7.76-7.73 (a,2Hl, 7.50-7.46 (a,2Hl, 7.36-9.34 (m,3Hl, 6.08 (br.a,lHl, 5.57 

(s,lHl, 4.57 fd,lH,Jl,2 - 7.5Ht1, 4.26 (dd of AA’UX, JA,A - JA,X,lH, J6cq,5 - 

I.BHs,J 6eq,6ax - 10.2H21, 4.10-4.06 (m of M’BX,lH), 3.83 (dt Of AA'H&, lHrJ5,6eq - 

4.8Htr J5 4 - J5 6ax - 9.9Ht1, 
, , 

3.63 (t of AA’BX ay8tem, lH,J6ax,6eq - J6ax,5 - 

10.2Hs1, 3.44-3.40 (n,lH), 3.23 (s,3Hl, 3.16 (dd,lH,J-4.2Hs,J=lO.ZHz), 3.11-3.06 

(m4lH1, 2.99-2.88 (br+.m,lHl, 2.35-2.25 (br.m,lH); CI1l.S m/z (relative intensity), 433 
01 l l, 1.21, 432 (tt , 1.81, 401 (21.61, 355 (11.11, 431 (5.71, 323 (6.51, 309 
(13.81, 295 (39.91, 277 (21.11, 265 (22.51, 249 (16.61, 149 (23.81, 133 (22.51, 121 
(37.71 107 (1001; HRCI, observed m/z (C26H24061: 432.15962 calculated: 432.1573. 

The major product u (Rf-0.201, was next to elute and obtained in 858 (55.1 mql 

yield as an oil1 [alD23 - +99.5’ (c 1.1, CHC131, ‘H-!U!R (500 RHz, CDC131, 6 

8.08-8.06 (m,lH), 7.96-7.94 (n,lH), 7.77-7.74 (m,2H), 7.53-7.49 (m,2Ii), 7.37-7.34 
(m, 3H), 5.85-5.83 (m,lHl, 5.65 (s,lHl, 5.51 (d,lH,Jl 2 - 8.OHs1, 4.43 (dd of AA’ttX, 

, 

JA,A’ - JA,X,lH,J6w,5 - ~.OHZ,J~~,~~~ - lO.QHxl, 4.40-4.36 (m of AA’flX,lHl, 4.07 

(dt of AAIM, lH,J 
5,6eq 

- 5.0H2, J5,4 = J5,6ax - lO.OHr), 3.78 (t Of AA'MX,1H,J6,,,5 

- J6ax,6ea - lO.OHsl, 3.75 (t,lli,J=4.OHtl, 3.40 (multiplet with prominant singlet, 

4H1, 2.97-2.94 (m,lHl, 2.57-2.51 (br.m,lH), 2.21-2.14 (br.m,lHl; 13C-NHR (125 IlIlt, 
CDCl 1 s 197.70, 196.97, 137.51, 135.28, 134.45, 134,32, 132.56, 131.75, 128.94, 
12fI.21: 127.29, 126.42, 126.16, 119.27, 101.38, 99.73, 76.90, 70.09, 64.00, 55.52, 
48.99, 47.26, 40.93, 26.39 ppmt IR (KRr disc), 3060, 2930, 2840, 1695 1590, 1450, 
1380, 1295, 1280, 1250, 12$0, 1120, 1085, 1070, 1060, 995, 970 cm? EItlS m/z 
(relative intensity), 432 (I! , 1.71, 401 (5.61, 400 (14.01. 274 il8.51, 273 (1001, 
149 (73.11, 133 (361, 105 (42.81, 77 (35.41; IIRCI, observed m/s (14 -OCH3,C25H2105): 
401.1375, calculated: 401.1389. 

Preparation of hetcreocyclic adduct 21. Cycloaddition of vinyl qlycal Lp with 
I-phcnyl-1,2,4-triaroline-3,5-dione (PTADl. 

diene Lp (11 nq,O.Ol nmoll was dissolved in 0.2 

The cycloadduct a (R 
mp 220-222’ (decfl 

-10.411, vlls 
H-NHR (500 

MHz, CDC131, 5 7.53-7.48 (m,7H), 7.39-7.36 (m,3Hl, 6.29 (br.s,lHl, 5.69 (s,lHl, 5.27 

(d,lti,Jl 2 - 5.OHz1, 4.72 (dd,lH,J-4.5Hr,5.OHrl, 4.42 (dd,lH,J-4.5Hr,lO.OHxl, , 
4.34-4.30 (m,ZH), 4.16-4+08 (n,2Hl, 3.79 (t,lH,J-lO.OHtl, 3.51 (s,3Hl1 EIBS m/s (rel 
ative intensity), 449 (?I , 58.01, 418 (8.61, 360 (1001, 300 (50.61, 283 (29.71, 254 
(54.51, 135 (80.61, 119 (71.31, 108 (57.51, 107 (47.81, 105 (76.71, 91 (09.41, 79 
(58.01, 77 (50.011 HREI observed m/z (C24~23~3061 : 449.1559, calculated : 449.1586. 

Reaction of vinyl glycal In with diethyl arodicarboxylate (DEAD); Preparation 
of cycloadduct 22. 

In a 5 mL pear shaped flask equipped vith a reflux condenser, the diene Lp (10 
mq, 0.036 mnol) vas dissolved in 0.15 nL of dry acetonitrile at room temperature. 
DEAD (7 LL, 0.044 mm011 was qded qiving an oranqe (color of DEAD) solution. The 
solution was then heated to 50 C, for 3.5 h. The volatile5 vere then removed and the 
reaultinq residue was flash chromatographed on silica gel elutinq with 5t Et 0 In 
CH2C12. The dicarbamate, 22 (Rf - 0.251, was isolated as an oil (14.4 mq) in a 09t 

yield; ‘H N.LIR (500 MHz, CDC131, 4 7.52-7.49 (m,ZHl, 7.37-7.36 (m,3H), 6.33 

(br.s,lHl, 5.62 (S,lH), 5.23-4.98 (br.s,lHl, 4.64-4.57 (m,2Hl, 4.39 
(dd,ltl,J-4.OHr,lO.OHs), 4.28-4.11 (br.m,bHl, 3.75_l(t,lH,J-lO.OHrl, 3.69-3.59 (m,lHl, 
3.48 (5,3Hl, 1.28 ft,6H,J-6.5Htlr IR (film) cm 3020, 2990, 2940, 1710, 1700, 
1630, 1470, 1415, 1380, 1340, 1300, 1220, 10851 E;BS m/Z (relative intensity), 440 

::9’ (41.21 
14.61, 376 (42.11, 315 (38.21, 287 (73.01, 227 (24.91, 195 (27.01, 181 (45.51, 

, 137 (59.21, 135 (451, 107 (691, 105 (1001, 91 (72.51, 77 (75.111 HREI 
observed m/r (C22~28N208) : 448.18551 calculated: 448.1845. 
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