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Abstract-(5RS, 7RS)-I, 3-Dioxacyclo-act-S(E)_ene la proved to be considerably more reactive in [4 t 2]-, [3 t 2]-, 
and [2 t 2]-cycloadditions than its carbocyclic analogue lb. 

cis, trans-1, S-Cyclo-octadiene is considerably more 
reactive than trans-cycle-octene,’ although according to 
force field calculations, trans-double bond deformation 
is only slightly greater than for the latter compound.’ 
Therefore, the main reason for the reactivity enhance- 
ment has to be seen in a through-space interaction of the 
cis and the tram double bonds, as a consequence of an 
unusually short intramolecular distance.* 

Recently, (SRS, 7RS)-7-methoxy-1, 3-dioxacyclo-oct- 
S(E)-ene [(5RS, 7RS)-7-methoxy-7, &dihydro-ZH, 4H- 
5(E)-1, 3-dioxocine] la was synthesized in this labora- 
tory.3 Four of the five single bonds connecting the allylic 
carbon atoms in la are shortened by the introduction of 
two endocyclic oxygen atoms (standard single bond 
lengths are : C-C 1.54A; C-O 1.43A4). 

Through space and through bond distances between 
the tram double bond and the oxygen atoms are maxi- 
mal, thus minimising resonance or inductive effects. 

Cycloadditions of la and its known carbocyclic 
analogue lb’ were compared, seeking insight into the 
effect of chain shortening (enhancement of double bond 
deformation) on the reactivity of trans-cyclo-octene. 

[4 t 2]-C’ycloaddiGons 
la reacted with an of 3- 

butadiene in h at lb did 
in refluxing at 
120”. no trace of 2b could be detected, 
when an equimolar mixture of la and lb was heated one 

day with a slightly lqwer molar amount of 2, 3-dimethyl- 
1, 3-butadiene at 60”, and the reaction product was then 
analyzed by capillary GLC. The analytical detection limit 
of less than 0.1% 2b results in a ratio of the reaction 
rates k. : k, > 1000 (Table 1). la as well as lb formed the 
diels-alder adducts 3 with cyclopentadiene at ambient 
temperature. In both cases a mixture of two dias- 
tereomers was obtained (methylene bridge above or 
below the plane of the bicyclic framework). When the 
reaction was followed by ‘H-NMR, la could be seen to 
disappear considerably faster than lb. When equimolar 
amounts of la and lb competed for a limited amount of 
cyclopentadiene, no 3b could be detected by capillary 
GLC despite the fact that 3b had been obtained quan- 
titatively under the same conditions with pure lb. 

[3 + 2]-Cycloadditions 
The stable 1, 3-dipole mesitonitrile oxide added to la 

and lb at ambient temperature to give mixtures of 
regioisomers 4 and 5. The regioselectivity of la (4a:5a = 
10) was more pronounced than that of the less reactive 
lb (4b:Sb = 3). The regio- and stereochemistry of the 
adducts 4 and 5 could be established by three ‘H-NMR 
criteria: (a) The resonance of the deshielded bridgehead 
proton I-H, is a “dd” in 4, a “ddd” in 5. J,, confirms the 
&ns-annelation (12.8 Hz in 4a, 12.0 Hz in 4b, 12.0 Hz 
in 5a, 13.0Hz in 5b). (b) The methyl groups of the 
mesityl moiety give two singlets in a 2: 1 ratio for 4 
(magnetic equivalence of the ortho substituents), but 

Table I. Relative reactivity k, : kb of la and lb determined by competition experiments 

enophll temperature mode of analysis ka : kb 

x 60°C glc > 1000 

G 0 CNO 25'C tic / 'H-nmr > 100 

Ph2C =C=O -50 - +25% tic / 'H-nmr > 20 
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three su@ets of equal inknsity for 5 (presumably rts- 

tricted rolatlon about the carbon-mtsltyl-srngk bond (cl 
The anisotropy of the mcrityl group shgldr the mcthoxy 
group of S by about I ppm. 

The adducts 4b and Sb could not be detected by 
‘H-NMR or TLC In the crude reaction mlxturc of a 
competltmn cxpenmcnt wrth Ir and lb To obtain a 
bc~ttr dttcctlon limit the main product Ir was separated 
by TLC k rnd a. hawng onlk shghtly dlffcrcnt R,- 
values were collected together. In thlr frrctlon small 
signals of 8. consMuting about 5% of k, were obscr- 

vtd Thus k,. k. II approx. 200, Conrlckrlng the un- 
certainty of the arulyttcal method. a rats, greater than 
100 IS stated rn the T&k. 

I2 + ! I- Cvcloaddrrm~ 
Dtphcnylketcnc added to la and lb even under cool- 

In8 There I$ a comprrablc degree of rcgoulcctwit) (5: 1 
and 7: I, rcspcctwcly) Tlw arslgnmcnt of ttu rcglo- 
ckmlcal configuratIon to 6 and 7 is based on the shlcld- 
Ins of the mcthoxy group in 7 and on the complete 
anaJywr of a 250 mHr-‘H-NMR spectrum of h 



The ~nflucr~c of cndocjcl~ o&yyn atoms on the cycbrddrtan rcac(lvll) of rruss-cycb+xltnc IHI 

Competition cxpcrimentr were performed by mixmg 

the components at - W or - 78°C and smooth cycload- 
dIrton while slowly warming up lo ambient temperature. 

The ‘H-NMR spcctnrm of the reaction mixture exhibited 

very weak signal5 for 6b 1% well as the resonance5 of (r 

and tm The components were separated by TLC. 

weIghed and theor purity ckckcd by ‘H-NMR. Wei&- 
and ‘H-NMR cvaluatmn of two mdcpcndent competition 

experiments gave ratios (ti + IrI:(b = 23-34, assigning 
L, L, a lower limit of 20 (Table 1 I. 

(‘0MTt.t SlOhS 

In 14 + 21.. (3 + 2) and 12 + 2lcycbadditmns. lr is con- 

sldcrably more reactive than lb. Even under conditions 

where pure gb undergoes clean cycbaddltion. the corn 

responding adduc~t can only be found m traces or not at 
all. when lb has to compete with lr All possible 

rcgroisomert hart ken observed (and Isolated with the 
exception of 7b) but no stereoisomer could be detected. 

Thu\ the rrclnr olcfins Ir and lb react in a supcrfacd 
manner. )zlvlnp trun.c -anncllatcd adducrs stcree 

spC&all) 

CXrCIlYtlYTlrL 

All rn p\ UC uncorrected IR rpcctn PcrkueElmcr 197 ‘He 
NMR spectra Vlnan EM 390. m mHt. ~c~nmcrhyls&ant TAMS) 
1s an Internal standard Mars spectra IMSI Vanan Mat IllA. 

7OcV Analyr~al G1.C Srncnr S~hromrr I crth f!.amc @on- 
lutlon dctcc~or. 90 ml N:/mm as ca,w~ct gar, 70 m gJarr captlJar) 
column. Inner dumeicr 0 ?# mm, very thmly coaled rrrth Cu. 
bowak .+O M Prtpuallvc GI C Vuran Aamph 920 with hrrt 

conductivity dttccicn. I IO ml HelmIn 1% earner gas. cond~uons 
A 1 m II8 In alumlntium column filkd with I79 Ctiwa1/3% 
KOH on C)uomororb W+AW ldreOmcsh. l&Y. InJector 2a?. 
detector !l(r. condlllonr B 6 m II8 m slrtnkrr rtal cohrmn 

filled with !a sIllcon OV 210 on Chrornosorb W.AW DMCS 
600,100 mc\h. IUY, m)cctw and dckcror l6U’ AnaJytKal T1.C 
20 J !Ocm ~la\t pIarc\ prcsortcd w*lrh trl~cr pl 60FzU. layer 
Ih4ckftes~ 0 23 mm IWcrctl Prtparallbc LC 3l x 2Ocm giasc 

pbtt\ coautcd wllh 408 rd~cr gel 60F,u.l, (McrcL1 Tk 2-1 
contunlu the mdlvtdual compomnlr were scraped off. pul+ 

vcrlzcd. filkd In cylmdrlcal @ass columns and the compounds 
tlutcd with lOOmI of cthjl acetate MIcro8naly~ (EA) were 
pcrformcd by I. Radon wllh the tkmtnturrulyutor m&l 
!Y)R tPtrLm- her I lb *at prepared rccordq to ~hc htrrrlurt 
procedure ’ 11% punt) was ckckcd by cap8lluyC,LC and ‘Ii. 
NMR 

Crrlooddrrrons wth 2. 3.drmtfh!l. I. I+bufadrtnt 

ia) Wuh 11 The rcactrrn and lsolalwzm ol t and 11% spectra 

have bcn dtrcnbcd cluwhcrc ’ 
(bl U’~rb lb Tk rdulron of 12Om# lb and 2rOmg 2. 1. 

dlmclh)l.l. I0butadrnc in I !ml knrrmd, conumm I rq of 
u&urn crrbonrtt wa\ rtlluxcd under dry mtrogen for I2 k No 

cycbldduc! could k dcttclrd by capJIuy GLC ud ‘H.NMR 
MO mg I b. 6!& mg ?. Idtmcthyl~l. I-buladKnc. 1 g bcnzenc and 
1 mg of s&urn cubonrtt were dcprrcd and scakd u&r 
vacuum In a duranoDW1 $ars rmpouk It was dlpptd mto an OII 
bath that wa\ held rl I2V for I2 h T’k unpuk was ch3Ltd. 
opened and tie c)cloadduct LL (76! rn#l was tlotkd by pte. 
pararivc GI.C lcond~tton A. I,,, (rnml. lb 08). ti (26.6)) 

(IrH. itH~!c.Mcthoxy.lO. I Idlnrcrhyl.bKyck(6.4.O~c-1~ 
CM f2b1 \howcd ‘HeNMR (CCL, b 125 (s. 1H. OCH,). 2 90 (01. 
IH. 2-H). I Cr! 3! Im, !!HI IR (Ccl.1 2975. 292s. 2320. 1444. 
lo9lcm’ MS m/t 222 lW6 (M’. CJC for CI,HaO. 222 194). 
IPO cM’CH,OH,. 120. II9 fbast pcak~. 107. lM 

(cl ComptrrrtiR 2.88 4 q (2 0 mm011 lr. 281 0 aq (2 0 mmol) 

lb. gII 4 ml II I mmoll 2. Idlmethyl+l. I-tn~ud~~# mnd I u 
NqCO, In 2 ml C.D. wcrc vumcd to W for Id urdcr AI- 
A~~lyrlr -at performed at I# by ciplllrry GLC. t,, Imm) lb 
CC, MI. II 1: 4'1. 2b 1 I \ !!. nat detected). t (2lIl ?I) 

~a) Wlrh Ir Potq Ir and on drop of TMS In a ‘HeNMR tube 

were &lured with tk ncctisary vduw of Ccl. An CIC~~I of 

frtthly brtllkd cycbprnldKm was &&cd ard tbc tube ~8% 
allowed to sland I!h rl amknr tcmpn~wc A ‘H-NWR rpc- 
trum rcvcakd the compktt drupptannce of Ir C~piJl~y GLC 
(l)(r) ddwatcd the formaWn of two cycbdducts h wlfh 
um!LU 1,, II 01 mm (43%). I5 61 mln tJ7%1. that were punficd 
by prpurl~ve GLC fconditron B1 (1rH. 2cH. 9tH. I&Hflt- 
Mcthory4. bdh3lrtrKyCk@ 2 I .d.7tnscc.l I<nc md ( IrH, 2rH. 
9cH. IOcH~&-Metho~)4,6d~o*1v~ycb(8 2 I ti~rndcc~ll~nc 

(mrxtwc) )r showed ‘H+NMR tCCl,) , 5 w M (m. 2H. II.. 

I2.H). 4 $0-4 75 im . 2H. 5.H). 1 )M IO (m. 2H. 3.. 7.H). 1 I6 
146 (m + 3. 4H. 8-H and OCH,). 2 761 I6 (m. 2H. I’.. 7’0H1. 

2 23-2 73 (m. 2H. I+. I@HI. I6U I! (n. IH. 9t-H and 2t.H). 
0 71-l !1 Im. IH. l1.H. !c and 9c.H) IR ICCI,) WI. 2930. 
?876. 2814. Iti5 1~). l4$!. llu. 1230. II!& 11200. l(l@9. 1031. 

1013. loll. 911. 7?Ocm ’ MS. dt 210 (M’I. 135. III. 91. 84 
rbau peak). II. 69. 66 lcalcffoundl C (68 !I/68 2001. H 
18 61111 5.3 I 

(b) Wh lb Tlu rracllonof Ibw~thmcrcc~sof cycbptnrdKm 

In CCL was mcompktc after I? h aI ambrent ttmpcratwlr After 

I6 hr lb had dlupgcatcd compkttl) Cap~llu) G1.C IIYT) In. 
dlcalcd the formallon of two cycbadductl 1 l lth sunlkr &, 
IO l8mm (U 7%). IO 17 mm (4C IQ). pwftcd by prcpual~vc 
GLC lconditwn BI (IrH. 2tH. 9cH. I(kH~It.Mcthoxy-tncy- 
cb[l! I ti’]tndcc Ilem and rlrH. 2cH. *H. IOcHbk+ 
Mr!hory.tncycb(l 2 1 ti l Itndtcel l+nc (mltlwrl B showed ‘H 
NMR tCCl.l d ! U!d 27 Im. 2H. I I.. !2*HI. 3 26 (s. OCH, mmor 
I~mtrl. 1 22 I\ OCH, mrm I\omcrl. 2 21-101 (m. IH). 07-2 0 
(m. l4Hl IR rC( 1,) UIq:. 320. Zti’. 34(. 314. 1366 lw). 14(X. 

1441. I!)<. II%. l(19r. 717cm ’ MS. nit 206 (M’I. I74 (M’- 
CH,OH), I b9. 97. 79. 67. M tCJcHoundl C IUI 500181 (XII. H 

(IO 751106791 
(cl CrtmpHrltcln 116 IOmg 12 19mmoll tr and yl? !Img 

(2 t9mmol) Ib were mlscd mdh the solutmn of II2 20~ 
(2 0 mm011 cycbpcnld~cnc In 4 ml Ccl, end &owed to $und at 
rmbKnt temperature under nltrofln for 24 h Capllluy G1.C 
mdwarcd the cactuu~~~c formatwon of h Jb could ~IOI k dttcctcd 

even in tnccs 

Crcloaddrrrorti 81th !. 4. bfnmtthrlbtn:nnrfnkudt (mtsrlonr 
rrrlotrdt. WNV) 

(a) Wrfh lo .?#+I ma (I I mmol) MN0 was ddcd 10 the ICC. 
cc&d solutmn of 247 mg (I 7 mmoll Ir In IO ml kauac The 
soluttin was shaken and rlbwcd to sund at ambunt tcmperalurc 

for 4 h TLC wtith cluanl bcnrenc~thylrctutc (95 5) gave thrtc 
qmh MN0 IJ?, q 0 7991. h IO 211. Ir (0 16) Tk rolutmn was 
conccninted 10 1 ml u LU~CYO ud separated on IO LC plates by 
doubk dcvtlopmtnl with knzcnc-cthylrcctak (90 10) Ihc 

lower ronc hd a wdth of appror I 5 cm and contuned rbc maw 
product b tMO ma). the upper zone (0 ! cm bead) conta~md 6 

(17 ml) 
Ir wa$ shaken with warm ether. ~hc yclbw tuspcatloa was 

cooled and decanted The colourkss sold was rccrytrrlhtrd 
from chbroformlptntrnc at - 30’ I IrH, ItHbl l~Mcs1tyl~ft~ 
mcthoxy.l@at+I. 3. +trora.bKycb(b 3 Olundcc~l(knt (Cl 
*howed m p !o[r. ‘H.NMR ICDCI,, d 690 4%. 2H. me1tyl.H). 
467 (dd, J,, q I2 6 Hz. I,, q 7 I Hz. !H. &HI. 465 (AB+ryrtcm. 

J&,1= 6 I HI. 2H. 4.. 4’ HI. 162 (s. 3H. OCH,,. 3 504 25 Im. 
6H). ? 26 (\. SH. p-CH,r . ! 21 (s. 6H. c&H,, IR (Ccl.1 .29)0. 
2930. 2882. lb09 (WI, 1451. 1170. 1121. 109). 1013. 936. 868. 
IYJcm ’ MS m/t 305 I6276 (M’. CJc for C,,H:,NO, 
105 16269). 246. 244. m @aw peak,. 172. 111. 71. II 
(C~Jclfound) C (66 M/67 021. H (7 5917 651, N (4 5914 6,-l 

i ItH. %tH~*Mcr~tyl 0’. f-mcthary.l@u-\. 3. I I-lnoarhry- 
cb(6 1 O)undct+etrrc fti I p IYT from CHCl,-pcnu# a~ - 30’; 
H.NMR (CDCI,I b 6 a (s. 2H. mcsity1.H). 4.SeJ 02 (m. 1H. 

1.. C. r’.H). 4 IO (dd. J,, = 12OHt. I.,= 57Ht. IH. &HI. 
2 QIA 00 (m. 5H. 2.. 2’.. 6.6’.. 7-H). 2 67 (s 1H. OCH,,. 2 31 (J. 
IH. CH,). 2 27 fs. 1H. CH,). 2 21 (I, 1H. CH,) IR tCCl,) tQ21. 
2484. I610 (~1. 1431. 1268. 1211. 1169. IIWI. 1095. 1030.9%.942. 
8%. fl0. lllcm ’ MS mlt = 305 (M*). 274 (U’-OCH,,. 21). 
202. 201. In. 158.91.84 (brz pcltl. 69. 58 






