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Abdrd-Tk ratio of mdoCHO:exoCHO in tbc Dkls-Alder dditiaa of x rmns-@3-unsxturated xldehyde to 
cycbpcntdiine can be chutged from I:2 to 8: I. dcpedirt# oa tempcdure and BF+atalysis. 

nuing recent invesligations of synthetic routes to pros- 
m&ndinswerequiredthecompounds2and3aspre- 
cursors. we report here (Tables 1 and 2) the StrikinR 
dependence on the reaction conditions of the relative 
amounts of 2 and 3 from the Dick-Alder reaction of 
cyclopentadkne and rmn.r4benxyloxybut-2cnal 1 and 
our conditions for optimum yields of either isomer. Also 
included are the results of a kss extensive investi&on 
of the effect of temperature on the uncataJysed reaction 
of cycbpentadkne and troru-lO-oxodecsCnoic acid 4 to 
Rive 5 and 6. The isomer distriitions were obtained by 
‘H NMR spectroscopy of the reaction products from the 
relative maRnitudes of the aldebydic JlydroJJen absorp 
tions of the two isomers; there is ampk evidence from 
‘H amI 13C NMR’ to show that the exe-hydrogen will be 
more deshklded and have an absorption at lower &Id 
than the endo-hydrogen. GLC analysis con6rmed the 
isomer distribution. 

The predominance of the e&o-formyl adducts 2 and 5 
(66 and 57% respectively) at low temperatures, in the 
uncatalysed reactions, doubtkss arises from a kinetic 
preference for the isomer with a more favourabk 
secondary interaction between the non-bonding formyl 
group aud cycbpentadkne in the &an&ion state.’ 
However, as a consa~uence of the reversibility of the 
reaction it is possible to alter the product distribution to 
Rive mainly the uro-formyl adducts 3 and 6 (66 and 67% 
respectively) at hi& temperatures. These cbasper in the 
product distriition are anakgo~ to the results obtained 
from the reaction of cyckpentadkue with some a@- 
unsaturated a~ids.~ 

The Lewis acid catalyst, BF,-etherate, dramatically 
accelerates the reaction of cycbpentxlkne with the un- 
saturated aldehyde J and also increases the kinetic 

preference for the endo-formyl adduct 2. Thus in the 
presence of the catalyst for a few minutes at 0” ahnost 
90% of this adduct is formed. Comparabk results for the 
cataJysed reactions of cyclopentadkne with sank un- 
saturated esters have been reported. 

Preparation of tnnr+benzyloxybm-2-rnol 1. Tratu - 4 - 
bcnzybxybut-2-cn-l-d.prrplrsdfromI~r-but-Z-enc- 
I,4 - di by,thc method of Arai aad Icbikizak,’ was oxidised 
arithJom~nt(C14inH~~.ArdaofJonerrrUtnt 
(Crq.H20,H~,;26.70.nml,uml)wutadeddmpwiKtor 
c&cd soln (03 of the benxybxybuted (10.0 g) in acetone 
(5Oml).Wknthcmixturemxintaiwalrpermxaent~colour 
itw8spoudiatowaterxndcxtrMedwithetkTbecombid 
ether solns were waxbed with water, dried (MgBOd xal 
evapomtd to give lmru - 4 - benxybxybut - 2 - cd (9.7 g, 97%), 
b.p. ll2-l ly/O.8 torr; (Foundz C, 74.8: H. 6.7. Calc. for CIIH1& 
(M.Wt. 176.2); C. 75.0; H. 6.9%). 

Prepomtion of trw - IO - ox&c - 8 - aroic r&f 4. ‘I-Bromo- 
beptanoic acid wxs prepad from 7-bromobepta~l by the 
method of Ames xnd Islip’ xnd ww coavczted into cir - IO - 
hydroxydec - 8 - enoic acid folbwiug Ames d 01.7 Tbx cir- 
bydroxydkenoic xcid (6.06) wxs oxidkd by stining with 
activated MnQ (15.00) in kxcnc (2tlOml) for l6h. Ibe in- 
dubk mate&l was removed by Blbatbn cad waded scverxl 
times with cbkwoform. Id the combkd organic sobts were 
evrparotedto~vecndccir-l0-oxodec-8-eaoicrcid(38~ 
64%), q .p. 364(r. Withwt furtkr purktion the m&rid 
(2.66) wxs isomerid with 3M-HCI (I ml) io tetrxbydrofuran 
(lwml)~ltterlhtbemixturewerpouredmtow~.Ether 
extnction, followed by wxsb& with wxter xnd evxporation. 
Eve rmn~oxo&c&~~& rid 4 (2.3~ 88.5%). l0.D. 49-51’ 
(ethyl date); (Found: C. 65.2; H. 8.75. Cak. for -C,,H& 
(M.Wt. 184.2); C. 65.2; H. 8.75%). ‘H NUR (CD&): d 9.5 (d. IH. 
I 8 Hz. -CHO), 9.0 (s. IH. -CO& 7.2-5.8 (2t, W, J 6 Hz, 2d, J 

Fk$OC\Ph 

CHO 
- q 

-AL 

4 5 6 

1381 



Ractiontxtuliblw Dhophikl Dhop4ik4 

Product 
Temp. Time Distraho (96) Yield DiZFEE(%) Yield 

cc) (IQ 2 3 (%Y s 6 (%Y 

u” 240 40 66 SII Y 42 2 
100 16 49 57 43 66 
150 16 

:: E 
42 58 

175 16 39 :: 91 39 : 
200 2 42 58 74 33 z; 

34 66 73 37 63 

DecomDosithl 

'Yield bnaed 00 dimpbik. 

Table 2 Inheoce of reach condithr oo the yield ad product distribuhn from the 
BP&berate cnhlyscd D&-Al&r reactioo of cycbpeolsdhe end heAbe&oxybut-2- 

earl1 

alat Qhrmtio 

-ii TTY iiiaEEEBRracr,3 
2 c L 

m 0 1 90 20 74 

10 0 2 05 I.5 lco 

so 0 1 a3 17 95 

-10 -15 5 9u lo M 

-10 -D 5 90 ID lm 

ml0 0 2 96 14 lm 

DiChl ID 0 1.5 89 11 lm 

-10 -15 5 m- 

mnml. 10 45 3 ID- 

6 Hz, -CH<Ii-), 26-2.1 (m. 4H. -C&CO ud <H&X). I.& 
1.1 (III. UH, -Cl&-). 

Rvc&W for llllcafdy&?d ,DW-Alder Ie#c&s. Cy& 
pc$h_ (?.llS& .1:7x10- ~1) (produced by F 

ymauPbonddlcyclopeaEldwacatlW’)andtbe~ 
phile(l~xlO-‘mol)we~~lvedin~ae(1~mdmrib 
takd et Ibe mquhd temp. for the Asted time. For experi- 
mentru100,1~,17~aod~thereclctio~~wriedou1in 
acakd glean ampouka. The ructions were worked up by remov- 
in#lhevdetikmWialsbyeveporathtogiveeresiduewldcb 
waa anelysed by ‘H NMR 0L.C cod OLC.-masa specbunetry 
[dprs cohunnr (0.4 cm id. x 15 q ) packed with DEGA (1% w/w) 
ooCelite(100_1#1~);oddlrtr2ond3~1~lad70mlmin~ 
(aitrogeo)mddductcSsnd6rf20(Plad60mlmin-’]. 

mafute for BF+themte cat&sed l&Is-Alder reachax. A 
cooled solo of cyckgentedieoe (0.0790, 1.2x IO-’ mol), 4-bes 
zyioxybut-2coel (OSg, 1.1 x lO_‘mol) cod BF,Z&O (1.43m1, 
1.1 x lO+moI) io the selected solveat (1Oml) wes shed for t&e 
reqhdthebeforebeiegpauredintoNeHCD,aq.Etherex- 
tnction, followed by ti @@O,) end evepomdon. srvc 
&ddncts2Md38srruidne. 

*benzyloxy duiveliv~2end3hd:mua1poc- 

trnm: m/e (ret&c iotekly) 242 (Id’. 0.R 151 (3.8). 121 (8.1). 
107 (5.6). 105 (62), 92 (14). 91 (100). 79 (13). 77 (13). 66 (Eu). 6.5 
(23); ‘ti NMR (CDCl$ 6 9.6 (d, I 1.5 Hz, a&HO), 9.2 (d. I 
1.5 Hr. mdoCH0). 7.1 (s. SI&.), 6.2-5.7 (m, W. -CH-CH-), 
4.35 (1. ao-kXH~). 4.31 (a. eudo-ArCHI), 3.35 (d, W, I 
7H?.. M&(X&-A 3.2-1.2 (m. 6H, -CHr end CH-). Tbc 
mrboraencbsuaoiceckldehtivaSead6bed’HNMR 
(Cm: 6 10.1 (I, .lH. -C&H), 9.75 (d. J 2 Hz. aoCH0). 9.4 
(6 I 2Hz. &CHO). 6.4-W (m. W. CH-CH-). 3.5-1.1 (m. 
18H. -CHz- sod CH-). 

Ache_-we tbuk the !kha Raarcb conocii for 
I !hknMip to MRS. 
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