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ABSTRACT 

The C, acyclic unsaturated-sugar ester 1, derived from L-arabinose, and its enantiomer serve as 
convenient dieneophiles for chirality transfer for synthesis of optically pure carbocyclic derivatives through 

cycloaddition reactions. Reaction of 1 with cyclopentadiene may be controlled to give preparative access to 

the S,6-disubstituted norbornene adducts 4a, 5a, and 7a, according to the conditions used. The distribution 

of the four possible isomeric products from this cycloaddition was quantitated, and the effect of sub- 

stitutional variation on the precursor dienophile 1 was also examined. Adducts 4a and Sa were transformed 
into such substituted carbocycles of known absolute configuration as the methyl esters (11 and 12) of 

norbornene (bicyclo[2.2.l]hept-2-ene)-6-carboxylic acid and nortricyclane (tricyclo[2.2. I .02,6]heptane)-3- 

carboxylic acid in optically pure form, specifically through decarbonylation reactions using RhCI(PPh,), 
(Wilkinson’s complex) and [Rh(dppp)JCl [dppp = PhZP(CHZ)2PPhZ]. The optical purity of 12 was establish- 

ed by the use of a chiral lanthanide shift-reagent. 

INTRODUCTION 

Such acyclic unsaturated sugar derivatives as the L-arabinose-derived tvans-C, 
ester 1 have been shown to be useful chiral dienophiles in the DielssAlder cycloaddition 
reaction, affording chirally substituted carbocycles’. The steric course of cycloaddition 
of 1 to cyclopentadiene may be controlled. At elevated temperature, the crystalline 
re-exu carboxylate adduct 4a was isolated in 40% yield. whereas at low temperature in 
the presence of AlCI,, the crystalline si-endo carboxylate adduct 7a was obtained in 34% 
yield’, along with a smaller proportion of the crystalline re-endo adduct 5a. Adduct 7a 

has the same absolute and relative stereochemistry at five chiral centers as at corre- 
sponding positions of prostaglandin PGF,, and its 9,1 I-dideoxy-9,11 -bis(hydroxy- 
methyl) analog. 

Ester 1 is a very useful synthetic intermediate, as it is exclusively obtained as the 
E-alkene by a Wittig reaction from an aldehydo sugar precursor, and in good overall 
yield from L-arabinose, without any chromatographic separation. Another particular 
advantage of 1 is that arabinose is readily available as both the D and L enantiomers, 
thus providing versatility in access to stereochemical variants of target molecules. We 
were therefore interested in further investigating the synthetic potential of arabinose- 
derived dienophiles in the Diels-Alder reactions with cyclopentadiene and other dienes. 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday. 
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With the pure E-alkenic dienophiles in hand, differing in substitution mode (but 
not stereochemistry) at C-4, 5, 6, and 7, we analyzed the mixture of their reaction 
products with cyclopentadiene to determine the ratio of the four possible norbornene 
adducts formed under both thermal and AlCl,-catalyzed conditions. (The previous 
study’ had established preparative conditions, starting from 1, to afford compound 4a 

as the major product under thermal conditions and compound 7a as the major product 
under AlCl,-catalyzed conditions). The reactions were conducted in boiling toluene for 
the acetylated and isopropylidenated dienophiles. For the free-sugar dienophile 2, 
DMF was used for the reaction under thermal conditions; the AlCl,-catalyzed reaction 
in this case was unsuccessful because of limited solubility. The ratio of adducts was 
determined by the integrated ratio in the ‘H-n.m.r. spectra of the Me signals of the 
CO,Me groups. For the acetates, the CO signals of the CO,Me groups in the 13C-n.m.r. 
spectra were also used to support the quantitations. 

Results are summarized in Table I. The acetylated and isopropylidenated dieno- 
philes gave similar results. Furthermore, it is clear that AlCl, acts to reverse not only the 
endo:exo selectivity, expressed by 5 + 7:4 + 6, but also the diastereofacial selectivity, 
expressed by 4 + 56 + 7. The somewhat lower selectivity observed with the free-hydroxy 
dienophile 2 may suggest some influence of substituents on the sugar residue, but the 
difference between the results with the acetylated and isopropylidenated derivatives was 
not large. The yields from the thermal reaction of 2 and the AN&-catalyzed reaction of 3 
were low, probably because of the instability of these dienophiles under the reaction 
conditions. Therefore the acetylated dienophile 1 was selected as the compound of 
greatest partical value for the remaining studies, and the accessible’, crystalline adducts 
4a and 5a were used for this purpose. 

Transformation qf norbornene adducts 4a and 5a into simpler carbocycles. -With 
the two norbornene adducts of known absolute configuration in hand, conversions were 
effected to afford simpler, functionalized carbocycles of known absolute configuration, 
through removal of the sugar chain by periodate oxidation, and studies were made on 
decarbonylation of the resultant aldehydes. The scope of the decarbonylation reaction 
was to be assessed to extend the versatility of the synthetic method3, and also to clarify 
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an ambiguity in the result of such a decarbonylation reaction reported in an earlier 
communication from our laboratory’h. 

Deacetylation of 4a and 5a and subsequent periodate oxidation gave the alde- 
hydes 8 and 9 (the racemate of 9 has been prepared”, but not well characterized), 
respectively, in >90% yields. Details of the n.m.r. spectra of these aldehydes are 
recorded in Table II. The ‘C-n.m.r. spectra of these products showed doublets of 
doublets for C-6, even in the off-resonance mode. because of two-bond C-H coupling 
between the carbon atom bearing an aldehyde group and the aldehyde proton. This 
coupling was determined from gated decoupling to be 24 and 23 Hz for 8 and 9, 
respectively. Although these ‘_I,--n couplings are thus of no stereochemical significance, 
the large value for the carbon atom bearing the aldehyde group may constitute useful 
diagnostic information (see, for example, ref. 5). 
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As shown in Fig. 1, starting from I>- or L-arabinose and depending on the reaction 
conditions, any one of the four possible trans-disubstituted norbornene derivatives is 
accessible in optically pure form. These products may be considered as synthetic 
equivalents of chiral tetrasubstituted cyclopentanes through subsequent application of 
such well-defined reaction sequences as OsO,-periodate oxidationj. 

Dwarhonylation studks on al&hy&.s 8 and9. -- Decarbonylation of the (5R,6R)- 
aldehydes 8 (c&o) and 9 (exe) was performed with Wilkinson’s complex and also with a 
cationic rhodium complex having bidentate phosphine ligands. Despite the potential 
utility of such decarbonylation reactions in synthetic organic chemistry (for a review, 
see ref. 6) the Wilkinson complex has not received the extent ofuse that might have been 
expected. Major drawbacks are that, at relatively low temperatures, this complex works 
only stoichiometrically; high temperatures, usually > 200’, are required for the complex 
to work catalytically. Inspection of the literature suggested that [Rh(dppp),]Cl might be 
more promising in this respect’. Reactions were conducted with stoichiometric amounts 
of Wilkinson’s complex in boiling benzene, and with 5 and 7 mol% of [Rh(dppp),]Cl 
with respect to the endo (8) and eso (9) aldehyde in boiling toluene. Products corre- 
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TABLE IV 

Chromatographic characteristics of compounds 8, 9, IO, 11, 12. and 13 

Characteristics 8 9 10 11 12 13 

Gk: 1, (miny 120’; 6.63 6. I 3:90”; 3.9 4.6 5.5 6.9 
T.1.c.: R,., 5:l hexane_EtOAc 0.34 0.38 0.66 0.57 (0.59)h 0.59 
Detection’ LI.~. lamp - + 

I 
&SO, 

+ + + + 
+ + - 

“ See experimental section for conditions. * Estimated, as 12 and 13 had exactly the same mobility on l.c. ’ For 
IO- 50 /q of samples. 

4 : -137O 

/ 

Entry 4 [Rh(dp&]CI 

fSI (lit -141’) 

C02Me 

11 

Entry 1 RhCI(PPhjJ3 

Entry 2 [Rh(dpppJ]Cl 

C02Me 
: + 185’ Entry 2 [Rh(dpp&]CI 

13 

reagent, the difference of reactivity between the endo and exe aldehydes was not so large 
as with the Wilkinson complex. 

The products obtained here were optically pure and had the correct expected signs 
of rotation, in accord with literature assignments of configuration (for 11, see refs. 1 Oa 
and lob, for 12 see refs. lob and 10~). This provides further chemical affirmation for the 
absolute stereochemistry of the original norbornene adducts, which had independently 
been determined by X-ray crystallography”. This result establishes also that the decar- 
bonylation reaction proceeds without epimerization at the asymmetric carbon atom 
adjacent to the reaction site. [It should be noted that prolonged reaction, as shown in the 
result of entry 3 in Table III, may result in epimerization to some extent (at least 2%)]. 

Compound 13 was obtained for the first time in optically active form. Although 
we had no definite proof of its absolute configuration, the 1 Sconfiguration (from 8) may 
be assigned based on a mechanism involving a 1,3-hydrogen shift (path B, homoallylic 
rearrangement; path A would give the nortricyclaneY). To determine whether 13 was 



A C02Me 
-- -- 

! Cl 12 

_., 

AAS’ 0.03 i 1 0 OL 
:i PC -------__--___rx -..._.a 
;i II 

IO25 \ 

I 

Subs’rate : LSR 

1 I,,\,, 
!: 0 18 



TA
B

LE
 

V
 

‘H
-N

.m
.r.

 
da

ta
 o

f 
12

 w
ith

 a
nd

 w
ith

ou
t 

Eu
(h

fc
), 

in
 C

,D
, 

Su
bs

tr
at

e 
C

he
m

ic
d 

sh
if

ts
 

H
-l

 
H

-2
 

H
-3

 
H

-4
 

H
-5

a 
H

-5
h 

H
-6

 
H

- 7
sy

n 
H

-7
an

ti 
C

O
,C

H
, 

0 
( f

 I
-1

2 
1.

09
 

1.
31

 
2.

26
 

2.
12

 
- 

I.1
 

-1
.1

 
0.

91
 

1.
66

 
1.

11
 

3.
34

 
=(

+)
-I

2 
0.

18
 

(&
)-

I2
 

- 
I.4

5 
2.

18
 

3.
81

 
3.

03
 

- 
1.

45
 

1.
38

 
2.

15
 

3.
78

 
0.

25
 

(k
)-

12
 

- 
1.

7 
2.

70
 

4.
80

 
3.

62
7 

- 
1.

7 
1.

57
 

2.
76

 
4.

84
 

3.
65

2 

.1
9 

2.
96

 

.3
9 

3.
74

 

1.
54

 
4.

62
 

4.
60

 
1.

82
 

5.
45

 
5.

48
 

0.
25

 
C

L
)-

12
 

-1
.6

5 
2.

73
 

4.
87

 
3.

60
 

- 
1.

65
 

1.
55

 
1.

37
 

3.
75

 
1.

80
 

5.
44

 

P
 w
 





TRANSFORMATIONS OF UNSATURATED ACYCLIC‘ SUGARS 45 

0,~~-4,5..6,7-isoprop~li~ene-~-arabino-h~pt-2-e~onate (3). ~ To a suspension of com- 

pound’* l(4.24 g, 11.3 mmol) in dry MeOH (120 mL) was added AcC I (1 mL) dropwise 
with stirring under ice-bath cooling. The mixture was stirred for 10 min at this 
temperature and then heated at 5&55”. Soon it became a homogeneous solution, and 
after 4 h, t.1.c. showed a single spot of 2 (RF 0.39, 5:l CHCI,-MeOH). The solution was 
evaporated to one-half of the original volume and refrigerated for a few h. Crystals of 2 
which formed were filtered and washed with cold MeOH, and then with ether; yield, 1.88 
g (80%). The filtrate and MeOH washings were combined, evaporated to dryness, 
toluene was twice evaporated from the residue, and the crystalline residue was recrystal- 

lized from MeOH, giving an additional crop of 2; 210 mg. total yield 89%, m.p. 
168-l 69”, [xl: - 17” (c I, MeOH); i.r. (KBr) v 3300 (br), 1720 (C-O), 1665 (C = C), 1440, 
1165,1085,1030,920cm ‘; ‘H-n.m.r. (C,D,N + D,O -4: I): 6 7.48 (dd, 1 H, J,,,4.2 Hz, 
H-3), 6.49 (dd, 1 H, J2,1 15.6 Hz, J2,4 1.9 Hz, H-2), 5.17 (ddd, apparent quintet, Jh,.( - 2.5 
Hz, H-4), 4.2-4.5 (m, 4 H, H-5,6,7a,b), 3.66 (s, 3 H, C02CH,); “C-n.m.r. (C,D,N): 6 
167.1 (C02CH,), 152.1 (C-3), 120.9 (C-2), 74.8 73.3 72.0 (C-4,5,6), 65.1 (C-7), 51.2 

(CCV&). 
Anal. Calc. for C,H,,O, (206.2): C, 46.40; H, 6.84. Found: C, 46.67; H, 6.84. 
Isopropylidenatiorz of 2 to give 3. ~ To a cooled (ice bath) suspension of 2 (1.80 g, 

8.73 mmol) in dry acetone (30 mL) was added cont. H,SO, (0.3 mL), and the mixture 
was shaken well. The resulting solution was kept for 16 h at room temperature, 
whereupon it was neutralized with 28% NH,OH under ice-bath cooling. The resulting 
precipitate was filtered off, and the filtrate was evaporated. The residual oil (2.50 g) was 
passed through a short column of silica gel ( 12 g, 5: 1 hexaneeEtOAc) giving pure 3 as an 
oil; yield 2.17 g (87%); [a]: + 1’ (c 1, CHCI,) (lit.‘” [a]: +5’. The spectral properties 
were identical with those of a specimen prepared through a Wittig reaction from 
2,3:4,5-di-O-isopropylidene-~~l~~~ll~~o-L-arabinose’~. 

Anal. Calc. for C,,HZ20, (286.16): C, 58.73; H, 7.75. Found C, 58.78; H, 7.79. 
Dit>ls-Alder reuction qf’l, 2, and 3 \i.ith cylopentadienc ( Table I). ~ A. Therm& 

conditions. Entq) 1. The reaction was conducted as described in the previous paper’“. 
The crude product obtained after processing of the reaction mixture was passed through 
a short column of silica gel (first with toluene and then 2:1 tolueneeEtOAc) to give a 

mixture of adducts (4a + 5a + 6a + 7a) in near-quantitative yield. 
Entries 2,3, und4. These reactions were conducted as for entry 1, but using a glass 

pressure-bottle heated at 115-l 20’ with the initial addition of 15 mmol equivalents of 
cyclopentadiene. (Entries 2 and 3 in toluene. 75 and 50 h. respectively; entry 4, in DMF, 
95 h). Up to - 12 g of the dienophile could be reacted in this manner, eliminating the 
repeated addition ofcyclopentadiene necessary when reactions at reflux were conducted 
in an open vessel. The crude product obtained from the reaction of2 was acetylated with 
Ac,O and pyridine to give a mixture of acetylated adducts (60% overall yield based on 

2) which was then analyzed. 
B. AlCl,-catullzed conditions. Enrry 5. This experiment was conducted as de- 

scribed in the previous paper’“. The crude product obtained after processing was applied 
onto a short column of silica gel (k 15 parts by weight of dienophile). After washing out 
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concentrated to an aqueous mixture (- 10 mL). This was extracted with CH,Cl, (30 mL 

+ 10 mL), and the extract was washed with water (- 10 mL), dried (Na,SO,) and 
evaporated. The residual oil was dried briefly (- 2 min) using a rotary vacuum pump 
( < 1 mm Hg) to give pure 8 as an oil; yield 4 16 mg (93 %)_ Although the oil was distillable 
(- 95’/0.7 mmHg, Kugelrohr), the oil as directly obtained showed satisfactory analyt- 
ical and spectral data and was directly used in the next decarbonylation reaction. Care 
had to be exercised when drying, so as not to cause unnecessary loss of 8 through its 
volatility; [c(]z -93.5” (c 1.5, CHCI,); i.r. (neat) v 2950, 17lGl740 (C=O), 1430, 1330, 
1250 (br.), 1170 (br.), 1020,920,720 cm-‘; m/z(rel. intensity, composition): 180.0808 (3. 
M+ talc. 180.0787) 151 (14, C,H,,O?), 121 (28, C,H,O), 119 (17, C,H,O), 115 (19, 
C,H,O,), 91 (24, C,H,), 83 (32, C,H,O,), 66 (100, C,H,). For n.m.r. data see Table II. 

Anal. Calc. for C,,,H,,O, (180.2): C, 66.65; H, 6.71. Found: C, 66.69; H, 6.71. 
Methyl (SR,6R)-S-exo~formylbicyclo[2.2.I]hept-2-eno-6-endo-carbo.~ylate (9). 

- This compound was prepared from 5b, in 9 1% yield, in the same manner as just 
described for compound 8; [LX]: -93” (c 1.5, CHCl,); i.r. (neat) u 2950, 1720 (br.), 1440, 
1305, 1265 (br.), 1200 (br.) 1115, 1020, 905, 720 cm -I; m/z (rel. intensity): 180.0802 (1, 
M’ talc. 180.0787) 151 (5) 121 (23), 119(11), 115(12).91 (20) 83(21),66(lOO)(the 
composition of each fragment ion was the same as that observed for compound 8). For 
n.m.r. data see Table II. 

Anal. Calc. for C,,,H,,O, (180.2): C, 66.65; H, 6.71. Found: C, 66.47; H, 6.76. 
Decavbonylation reaction oj’ 8 and 9 with RhClf PPh,), and (Rh (dppp) JCI. - 

General. Solvents used for the reaction (benzene and toluene) were freshly distilled over 
CaHz under nitrogen after refluxing at least one day. Nitrogen was a pre-purified grade 
and was passed through a column packed with molecular sieve 4A pellets. RhCl(PPh,), 
was purchased from Aldrich Chemical Co, [Rh(dppp),]Cl was prepared by the proce- 
dure of James and Mahajan”, but starting from commercially available (Aldrich) 
[RhCl(C2H& instead of [RhCl(cyclooctene)&. 1,3-Bis(diphenylphosphino)propane 
was purchased from Strem Chemicals, Inc. 

Reaction of 0 with RhCl( PPh,),. Methyl (R)- ( f )-tricyclo(2.2.1 .@“/heptane-3- 
carbo.uylate (12). ~ A solution of 8 (300 mg, 1.66 mmol) in benzene (20 mL) was boiled 
under reflux for 5 min, while nitrogen was bubbled through the solution. Heating was 
terminated, and RhCl(PPh,), (1.8 1 g, 1.95 mmol) was added to the solution. The deep 
wine-red mixture was boiled under reflux for 3 h under a slight overpressure of nitrogen, 
during which time the red solid of RhCl(PPh,), disappeared, and a yellow solid 
[RhCl(CO) (PPh,),] appeared instead. T.1.c. of the mixture showed the disappearance of 
aldehyde 8, but the products of decarbonylation were not detectable by t.1.c. either by 
u.v., I2 vapor, or H,SO,. The mixture was filtered to give 932 mg of yellow powder 
[RhCl(CO) (PPh,),, 8 1% of the theoretical amount], and the filtrate was passed through 
a short column of silica gel (- 6 g) with the aid of CH,CI,. The eluate containing 12, as 
checked by g.l.c., was collected and evaporated to remove most of the solvent. Distill- 
ation (- loo”/6 mmHg, Kugelrohr) gave 12 as an oil; yield 195 mg (77%) that was 97% 
pure by g.1.c.; [u]: + 36.5” (c 1,95% EtOH); m/z (rel. intensity, composition): 152.0820 
(22, M ’ talc. 152.0837) 137 (10, M+ - CH,), 120 (25, C,H,O,), 111 (15, C,H,O,), 93 

(100, C,H,), 77 (52, C,H,), 74 (39, C,H,W 66 (56, C,H,). 
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- 62% (estimated yield). It was > 99% pure and contained < 1% of the nortricyclane 
ester 12. The distribution of the products at 22 h and 45 h of reaction was the same as 
that in the final mixture. Compound 11 had [a]:’ - 137” (c 1, 95% EtOH); m/z (rel. 
intensity, composition): 152.0830 (5, M+ talc. 152.0837) 121 (4, M+ - CH,O), 91 (7, 

C,H,), 87 (9, C,H,O,), 77 (6, C,H,), 66 (100, C&J. 
Anal. Calc. for C,H ,,O,: C, 71.02; H, 7.95. Found: C, 70.98; H, 7.98. 
Attempted conversion qf 12 into 13. -~~ A mixture of 12 (racemate, 30 mg) and 

[Rh(dppp),]Cl in toluene (2 mL) was heated at 115-l 20” and stirred in a closed vessel 
under an N2 atmosphere. After 45 h an - 0.7-mL portion of the mixture was withdrawn 
and g.1.c. analysis, after bulb-to-bulb distillation, showed that the starting material I2 
remained unchanged. To the rest of the mixture - I5 mg of benzaldehyde was added, 
and heating was continued for 47 h. G.1.c. analysis showed the formation of benzene, 
along with unreacted benzaldehyde, but compound 12 still remained intact, and no 
trace of 13 was detected. 
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