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Summary - Ennntiopure esters are obtained in good yield from (1 R,3S)-(-)-2,2-dimetl~yl-3-for~nylcyclopr~a~~e-l-cnrboxylic 
acid (b~ocartol) in three steps: (1) dithiane protection oi’ the nldehyde function; (2) eslerification of the carboxylic acid 
functiori; (3) dethiol~etalization. The X-ray structures of biocartol and of its acctal ‘dhner’ are reported. 

chrysanehemic acid / biocartol / chiroporphyrin / stereochemistry 

R&urn& -6 Vers une prdparation efflcace d’esters du biocartol. &udes synth6tiques et structurales dons la scirie 

de I’acide (1R,3S)-(-)-2,2-dimBtl~yl-3-formylcyclopropane-l-carboxylique. A partir de l’ncide (1 R,3S)-(-)-2,2-dim&hyl- 
3-Formylcyclopropane-1-carboxylique (biocartol) on obtient avec un bon rendcment des esters Bnantiopurs en trois &apes: 
(1) protection de la fonction ald6hyde par un dithiane; (2) formation de I’ester; (3) d&protection. Les structures aux rayons 
X du biocdrtol et de son d&iv& ‘dimbre’ sont d&rites. 

acide ChrysanthOmique / biocart.ol / chiroporphyrine / st&+ochimie 

Introduction 

The search for efficient routes to the esters derived 
from the tautomeric form (l&35)-(-)-2,2-dimethyl- 
3-formylcyclopropane-1-carboxylic acid B of (I&&- 
caronaldehydic acid hemiacetal A (also called (In)-cis- 
hemicaronaldelyde, (In)-cis-caronsldellyde, or biocar- 
tol) ha.5 been a topic of great interest for the synthesis of 
pyretlwoid insecticides in the last decade [l]. Recently, 
these’esters have found promising use as syntltons for 
the preparation of asymmetric metalloporpliyrin cata- 
lysts bearing chiral cyclopropyl groups on the four meso 
positions [2]. In the present investigation, we have reex- 
amined two published procedures for the preparation of 
some of these esters: the acid-catalyzed reaction of alco- 
hols with form A of biocartol [3], and the corresponding 
process induced by N,N’-dicyclohexylcarbodiimide/ 
4-(dimetlylamino)pyridine (DCC/DMAP) described in 
the patent literature [4]. Finally, we report on a third 
procedure, which involves dithiane protection of the 
aldehyde function, and is satisfactory in terms of both 
the yield and the stereochemical purity of the desired 
esters. 

Results and discussion 

Acid-catalyzed esteriification 

‘H NMR indicates that at room temperature biocartol 
is in equilibrium between closed A and open B forms 
in chloroform solution [5]: 

A B 

Scheme 1 

In our hands, the. acid-catalyzed esterification gave 
rise to slight epimerization of the asymmetric center 
bearing the aldehyde function. Reaction of A [G] with 
methanol or ethanol induced by p-toluenesulfonic acid 
followed by acid treatment of the letal intermediate 
gave ester la,b in 40-60% yield after chromatography 
(scheme 2). The presence of an epimeric (lR)- truns ester 
l’a,b is observed in both cases (l’a, R = Me, yield l%, 
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I) /,-TsOH, ROI-1 
fCilUX 

2) Hydrolysis 

Scheme 2 

able ,I. ‘1-I NMfC data (d ppm”) in CDC13 of compounds la-g, 3, 4 and I3 containing the open biocnrtol moiety: 
7 6 

2 4 11.’ ?,, 
I(0 4 5 

0 

01 

Compound HI (d) JI,~ /-/3 (dd) HG (d) J3,b HG or HT (s) Other protons (R group) 

la 2.13 8.7 1.74 9.76 6.2 1.25 1.53 3.71 (s, 31-I, CH3) 
lb 2.09 8.7 1.80 9.71 6.4 1.30 1.52 4.16 (q, 2H, CNz, 6.6 Hz); 1.21(t, 311, CI-13, 6.6 He) 
lc 2.16 8.7 1.83 9.74 6.4 1.24 1.53 5.12 (s, 2I-1, CHZ); 7.34 (m, 51-1, arom) 
Id 2.14 8.8 1.83 9.73 6.4 1.29 1.54 3.79 (s, 2H, CHn); 0.91 (n1, 91-1, CH3) 
10 2.36 8.6 2.05 9.75 6.0 1.37 1.61 7.29 (d, 2H, 9.1 Hz, H worn) 

8.26 (d, 2H, 9.1 Hz, H urom) 
If 2.39 8.6 2.05 9.80 6.0 1.38 1.63 7.46 (dd, II-I, 8.1 Hz, 2 Hz) 

7.54-8.00 (III, 21-1, r-1 nrom) 
8.11 (dd, 11-I, 8.1 Hz, 2 Hz, H arom) 

UZ 2.08 8.0 1.72” 9.65 6.4 1.22 1.47 0.75 (6, 3H, Me borncol); 0.78 (s, 31-1, Me borneol) 
0.81 (s, 31-1, Me borncol); 0.90 (m, 11-1, H borneol) 
1.17 (m, 11-1, i-1 borneol); 1.72 (bb, 51-1, I-1 borneol) 
4.85 (m, 11-1, CR-O-C(O)) 

3” 2.12 8.6 1.91 9.73 6.3 1.28 1.53 See table III 
4c 2.27 8.6 1.77 9.61 6.2 1.26 1.43 1.14-1.27 (broad m and Is, 8H and 3I-I, 

cyclohexyl protons and Me) 
l.GG-1.96 (broad m and ldd, 12~I and 11-1, 

cyclohexyl protons and I-13); 3.60 (m, lil, N-CR) 
3.88 (tt, 11-1, 3.3 Hz, 11.9 I-Ix, N-CI-lox); 7.24 (tn, NH) 

BC 2.14 8.5 1.31 9.71 6.2 1.29 1.56 

At 200 MHz IIII~CSS speciiied otherwise; n CIK& ref: 7.24 ppm; ” 300 MHz; ’ 400 MHz. 

J1,3 = 5.G Hz, Js,s = 3.6 Hz, cf table I; l’b, R = Et, 
yield 7%). 

DCC/DMAP-catalyzed esterification 

In the presence of DCC/DMAP [7a-d] reaction of A 
with methanol, ethanol, or benzyl alcohol gave the 
stercochemically pure (in)-cis esters la-c albeit in 
moderate yield (ca 20-40%) after column chromato- 
graphy (scheme 3). With neopentyl alcohol, the ester 
Id was obtained in only 5% yield but free of the 
tray&s epimer, while no product formation was observed 
with p-nitrophenol. Three side-products 2, 3 and 4 
were present in the crude reaction mixture for each 
investigated alcohol. 

Acetal isomers 2a-d of the desired esters la-d most 
likely derive from the bicyclic form A of biocartol [7e]. 
We did not try to isolate any symmetric ether (ROR) 
that may be formed from the respective alcohol. Two 
side-products, biocartol ‘dime? 3 and N-acylurea 4, are 
common to all investigated reactions. The latter is very 
likely a condensation product of the open form B and 
DCC. It has been reported by Reck et al that under 
high dilution conditions, the DCC/DMAP-catalyzed 
esterification leads to the formation of a substantial 

amount of N-ucylurea [S]. Thus, the unexpectedly high 
relative abundance of 4 in the present experiments may 
be due to the low equilibrium concentration of the open 
form B. 

Proton and carbon NMR resonance assignments 
of esters la-e (tables I and II) and acetals 2a-d 
(tables III and IV) are in full agreement with previous 
work 191. They also allow proton and carbon resonance 
attributions to be made for biocartol A, its ‘dime? 3, 
and the urea derivative 4. The ‘1~ NMR spectra of the 
bicyclic compounds A, 2a-c, and 3 (table III) show 
similar patterns and share common characteristics, par- 
ticularly a small value (0.8 Hz) of the coupling constant 
Js,s between the cyclopropyl proton Hs and the ketal 
proton Hs (scheme 4), suggesting that these are nearly 
perpendicularly oriented. The metlylenc protons of the 
OR group in 2b-d are .diastereotopic, as indicated for 
example by the highly complex multiplet observed for 
this group in 2b. 

X-ray crystallograplq of Diocartol A an.d its ‘dimer’ 3 

The structures assigned to compounds A and 3 on the 
basis of their ‘H and lsC NMR spectra were confirmed 
by X-ray diffraction (tables V-VII). The structures of 
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DCC. DMAP. ROH 

CH$lz 
- RoH&O + ‘&&_f $&OH&H 

I 1H 3 00 

R Me Et Bz Np p-C&N02 

Ester la 
Acetd 2a 

lb lc Id 
2b 2c 2d 

Scheme 3 

le 
2e 

Table II. ‘“C NMIE data (6 ppm”) in CDC13 of compounds la-e, 3, 4 and B containing the open biocnrtol moiety: 

Compound CI cz G C.1 4 Ce or C; Other carbons 

la 36.0 29.7 40.8 170.3 200.8 15.0 28.2 
lb 36.1 29.4 40.5 
IC 3G.0 29.7 40.7 
Id 3G.2 29.4 40.7 
le 35.2 30.9 41.2 
3b 34.4 30.4 41.0 

35.1 
4” 40.0 29.2 40.0 

41.2 41.2 

171.G 200.2 14.7 or 15.0 27.9 
169.5 199.9 14.7 28.0 
171.0 200.2 14.9 28.1 
lG7.5 198.9 14.7 28.0 
lG8.1 198.9 14.7 28.0 
171.7 
169.5 200.0 15.5 27.2 

52.1 OCI-13 

BC 35.6 41.0 14.8 28.1 

GG.8 OCI-12; 14.7 or 15.0 CX13 
66.8 OCI-12; 135.4 C arom; 128.1 128.2 128.4 CH arom 
74.4 O%Hz; 26.3 CHs (tBu); 31.1 C (tBu) 
122.3 125.1 CH arom, 145.5 155.0 C arom 
See table IV 

24.5 24.6 25.1 25.3 26.3 CHz 
26.4 30.8 30.9 32.5 32.7 CH2 
40.0 41.2 CH; 153.3 C (urea) 

I. 

At 50 MHz unless specified otherwise; ” CDC13 refi 7G.9 ppm; ’ 76 MHz; ’ 100 MHz. 

Table III. ‘I-1 NR4R data (6 ppm”) in CDCIJ of compounds 2a-d, 3 and A containing the 
closed biocartol moiety: 

Compound HI (d) 51,s Hs (dd) IIs (d) Js,s He or I& (s) Other protons (R group) 

2a 
2b 

2c 

2d 

3” 
AC 

2.01 5.7 1.98 5.02 < 1 1.13 1.16 3.48 (s, 3H, CH3) 
2.05 5.7 2.02 5.14 < 1 1.16 1.19 1.24 (t, 3H; CH3, 7.0 Hz) 

3.59 (m, 1H); 3.87 (m, 11-I) 
2.06 5.7 2.03 5.22 0.8 1.15 1.17 4.61 (d, lH, 11.5 Hz) 

4.89 (d, lH, 11.5 Hz) 
7.34 (s, 5H, H arom) 

1.98 5.9 2.03 5.59 4.0 1.14 1.23 0.93 (s, 9H, CH3) 
3.15 (d, lH, 8.6 Hz) 
3.45 (d, lH, 8.6 Hz) 

2.08 5.6 2.14 6.28 < 1 1.18 1.21 See table I 
2.08 5.6 2.05 5.46 0.8 1.16 1.17 4.02 (m, OH) 

At 200 MHz unless spcc,ified otherwise; a CHC13 ref: 7.24 ppm; ’ 300 MHz; c 400 MHz. 
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Table IV. “C NMR data (6 ppm’) in CDCls of compounds 2n,c, 3 and A containing the 
closed biocartol moiety: 

Compound Cr Cs Cs CA Cs Ca or Gr Otfwr carbons 

2a 35.1 24.3 20.8 173.1 102.3 14.9 25.2 56.1 OCH3 
2c 35.3 24.6 29.9 173.5 100.2 15.0 25.3 70.5 OCHz 

136.3 C arom 
128.1 128.3 128.5 CH arom 

3” 34.4 25.1 29.0 lG8.1 92.9 14.7 25.2 See table II 
35.15 171.7 

A” 36.4 24.8 30.2 173.5 96.0 14.9 24.8 

At 60 MI-Ix unless specilicd otherwise; n CDCi3 ref: 76.9 ppm; u 75 MHz; ’ 100 MHz. 

Table V. Summary of crystal data, data collection parameters and structure refinement for biocartol A 
and its ‘dimer’ 3. 

Compound Biocartol A Biocartol ‘dime+ 3 

Cr?Jstal data 
Emp formula; A/l (g/mol) 
Color; habit 
Crystal size (mm) 
Crystal system 
Space group 
Lattice parameters 
(or unit cell dimension) 

C7Hro03; l\4 = 142.15 
Colorless prism 
0.14 x 0.22 x 0.36 
Orthorhombic 
P2(1)2(1)2(1) (# 19) 
a = 7.321(l) A 
6 = 7.445(l) A 
c = 13.613(3) A 
ct = 9o” 
p = 9o” 
7 = 9o” 
742.0(2) A3 
4 
1.273 
~(CuI<c~y) 0.834 mm-’ 
304 

Cr,rHrsO5; A/I = 266.29 
Colorless prism 
0.24 x 0.36 x 0.4G 
Orthorhombic 
P2(1)2(1)2(1) 
a = 6.3003(g) A 
6 = 11.202(2) A 
z =_ fG$58(3) A 

,B = 90° 
7 = 90” 
1380.3(3) As 
4 
1.281 
~(MoKcr) 0.97 cm-’ 
568 

Volume 
Z 
Density caic (s/cm3) 
Absorption coefiicienl 
F(OOO) 

Data collection 
20 range 
Scan type 
Scan speed (in w) 
Reflections collected 
independent reflections 
Observed refiections 

Solution and refinement 
Solution 
Refinement methods 
Quantity minimized 
Final R indices 
Goodness of iit 
Data-to-parameter ratio 
Largest diiference ,peak 
Largest diiference hole 

2.0 to 105.0° 
W 
8.0°/min (un to 3 scans) 
1332 . - ’ 
814 (Rint = 0.0288) 
814 (I > 242)) 

Direct methods 
Fuil matrix least-squares on I”’ 
C,(lFol - l&j)” 
ro; 3.38%, wR = 9.91% (I > 241)) 

814:102 

Direct methods 
Full matrix least-squares on F2 
&,(lFJ - lF=‘c1)2 
R = 4.0%; wR = 4.0% (I 7 3~(1)) 
1.39 
912:173 

0.120 e AW3 0.15 e Am3 
-0.106 e AW3 -0.17 e As3 

2.0 to 50.0° 
W 

8.0”/min (up to 3 scans) 
1998 
1455 (ni,, = 0.035) 
912 (I 7 30(I)) 

A, 2a-c, 3 

Scheme 4 

Me 

2d 

A and 3, shown in figures 1 and 2, reveal a commdn 
feature. The hydroxyl substituent of the five-membered 
ring is in ezo configuration, implying &absolute config- 
uration of carbon Cs for both compounds. 

As suggested above, the small value of Js,s for A 
and 3 in solution is consistent with a dihedral angle 
HsCaCsHs close to 90°. This implies that the R config- 
uration of Cs, which is observed for A and 3 in the 
crystal, is retained in solution. A similar conclusion 
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Table VI. Atomic coordinnlcs (A x lo”) and isotropic 
displacement paramctcrs (A’) ror (lR)-cis-cnronaldchydic 
acid lmmiocetcl A (biocartol). 

5598(4) 
7179(4) 
7557(4) 

K$:j 

EE[$ 
3232(3) 
5BOG(3) 
(X85(3) 

2394(4) 
“;w;; 

-283(3) 
1331(3) 
4188(3) 

Table VII. Atomic coordinates (A) and isolropic displacc- 

ment parameters (A’) for biocnrtol dimer 3. 

Atom .2’ v t B ” c9 

-0.1257(7) 
O.OGOO(5) 
0.0129(5) 
0.3GG5(G) 
O.G901(7) 

-0.2916(7) 
-0.2023(8) 
-0.2478(7) 
-0.1228(g) 

0.0177(8) 
-0.0791(9) 
-O-4433(8) 

O-2036(8) 
0.1695(7) 
0.249 l(8) 
0.3570(8) 
0.5737(8) 
0.3702(O) 
0.1087(g) 

-0.4300 
-0.2805 

0.1327 
0.0588 

-0.0258 
-0.1264 
-0.3990 
-0.5306 
-0.5457 

0.0498 
0.3OG8 
O.G450 
0.2988 
0.4819 
0.4G29 
0.1842 
0.0449 

-0.0217 

-0.0915(3) 
0.0344(3) 
0.0790(3) 
0.1080(3) 

-0.1418(3) 
0.0840(4) 
0.1741(4) 
0.2129(4) 

-0.0024(4) 
0.1312(4) 

;*;q;j 

O:OG75(4) 
0.0020(4) 
0.0467(4) 

-O.OGO9(4) 
-0.0569(5) 

0.1643(5) 
0.0251(G) 
0.0575 
0.2116 
0.1895 
0.2045 
0.3194 
0.2300 
0.3689 
0.2771 
0.2814 

-0.0481 
-0.1396 

0.0197 
0.2399 
0.1850 
0.1487 
0.0220 

-0.0521 
0.0686 

-O.G852(2) 
-0.7502(2) 
-0.8642( 1) 
-0.8744(2) 
-0.9724(2) 
-0.7319(2) 
-0.7812(2) 
-0.7095(2) 
-0.7187(2) 
-0.79GG(2) 
-O.G588(2) 
-0.7008(2) 
-0.8966(2) 
-0.9Gl1(2) 
- 1.0293(2) 
-0.9978(2) 
-0.971,4(3) 
-1.0338(3) 
-l.OSOG(Z) 
-0.7349 
-0.8181 
-0.7986 
-0.G574 
-0.6647 
-0.6109 
-0.7057 
-0.GGOl 
-0.7360 
-0.9685 
-1.0087 
-0.9653 
- 1.0395 
-1.0023 
-1.0721 
-1.1311 
- 1.0826 
-1.0942 

5.43( 10) 
3.62(8) 
3.01(7) 
4.84(10) 
G.5( 1) 
3.1(l) 

n Bcq = gr2(ull(aa*)2 + u2z(66*)2 + u33(cc*)2 
f2Urzaa’bb’ cos ~+2CJrsaa*cc* cos ~f2U2366*cc’ cos o). 

can be drawn for the alkoxide moiety of acetals 2a-c. 
Acetal 2d adopts the same configuration at CC, as 2a-c 
although its coupling constant Js,s (4 Hz) has a higher 

HI9 

Fig 1. Molecular struclurc and atom numbering scl~eme for 
biocartol A. 

value (scheme 4). The presence of a tin71s diastereoiso- 
mer is generally ol~scrvcd with cyclic compounds such 
as Iactols. Thus, 011 the basis of a Jn,l, value of 
1.5-3 I-k, Canonne et al [lo] have shown that several 
bicyclic formylcarboxylic acids are twms diastercoiso- 
mers: 

Scheme 5 

DCC/DMAP-catalyzed ester-ification using &t&me 
protection 

In order to overcome the shortcomings of the two above 
procedures, we have explored the feasibility of a ratio- 
nal, more efficient synthesis. The reactivity of biocartol 
versus hydroxylic functions was improved by keeping it 
in the open form by formyl group protection (scheme 6). 
Thus, propane-l,%dithiol was reacted with biocartol in 
the presence of boron trifluoride etherate to give the 
desired dithian-2-yl-substituted carboxylic acid 5. 

HS(CH,).,SH 
BF,.El,O 

McOli 
80 % 

A 

Scheme 6 

The reaction of 5 with alcohols and phenols cat- 
alyzed by DCC-DMAP proceeded with complete reten- 
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Fig 2. Molecular slructure and atom numbering scllcmc for biocurtol ‘dimcr’ 3. 

Table VIII. Yields of protected esters Oa-g and aldehydo cslers la-g. 

12 

Me 
NP 

~-NO~-CGI-I~ 
??L-N&-CG& 

Bornyl 

Compounds 
8 

: 
e 
f 
6 

YiC?lh 
(%I 

87 
94 

E 
85 

Yield” OVCTd~ fjiel# 

(%I (%I 

85 59 
90 G8 
95 70 
85 52 
91 62 

” After cotunin cl~ron~atograpl~y; b nftcr crystnllisntion for le mid lfi ’ overall yield of the reaction 
scqrrence A + G --) 0 + 1. 

DCC. DMAI’. ROH 
- b 

CH$3Z 

Scheme 7 

tion of configuration to esters ~a,+g in good yielcls 
(table VIII). Finally, the classic deprotection [ll] of the 
dithiane fun&ion of Gn,d-g gave the desired aldehydo 
esters la,d-g (scheme 7). Proton and carbon NMR 
resonance assignments of compounds 5, 6d-g are pre- 
sented in tables IX and X. 

Conclusion 

The three-step method described above allows a facile- 
and flexible preparation of biocartol esters. Phenols and 
hhldered primary or secondary alcohols lead to the 
corresponding esters in overall satisfactory yield and 
excellent stereochemical purity. This method has now 
been extended to the preparation of biocartol amides 
PI * 

Experimental section 

Materials 

Reagent-grade reactants and solvents wcrc used as received 
from chemical suppliers, 

‘I-l and 13C NMR spectra were obtained at ambient tem- 
perature on &ulcer AC 200, AM 300 or Ah4 400 spec- 
trometers using deuterated cllloroform solutions with CI-ICI3 
(a = 7.24 ppm) and CDCIJ (6 = 76.9 ppm) <as internat 
standards respectively. Spectra listed below are tabulated 
in the Ibllowing order: chemical shift (6, ppm), multiplic- 
ity (s = singulet, d = doublet, t = triplet, q = quadru- 
plet, m = multiplet, bb = broad band), number of protons, 
coupling constant (Hz), assignment. Infrared spectra were 
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Table IX. ‘I-l NMR data (6 ppmn) in CDCls of protected acid 5 and esters On,d-g: 

‘\ /6 

Compound HI (d) 51.3 If3 (dd) IIF, (d) 53.5 I& or If7 Is) Other vrolons . , 

5 (R=H) 1.64 8.6 1.4G 444 114 119 1.32 Dithinnyl protons: 2.12 G&l 1.51 8.G 1.25 4134 1113 1104 1.86 (m, 11-I); (m, lI_1); 2.8G 1.19 R protons: 3.52 (s, OMe, 31-I) (m, 41-I) 

DiLhionyI protons: Gd l.GG 8.7 1.38 4.50 11.5 1.70 (m, 11-l); 1.91 (m, 2.69 1.17 1.31 R 3.77 [s, 11-I); (m, Cl-121: 411) 
protons: 21-1. 0.93 Is. OH. CHsl 

Or3 

Of 

og 

1.90 8.8 

1.90 8.8 

1.62 4.30 11.5 1.2G 
Diihianyl proto& 1.8i (m,-iii); 2.6g (m,’ lH)Ti.82 

1.39 R protons: 7.28 (d, 211, J = 9.1 Hz); 8.24 (d, 
(m, 41-I) 

21-I, J = Hz) 9.1 

1 .G8 4.39 11.5 
Dithianyl protons: 1.85 (m, 11-I); 2.14 (m, 11-I); 2.90 

1.23 1.3R R protons: 7.44 (dd, II-I, 8.1 Hz, 2 Hz); 
(m, 41-I) 

7.50-7.95 (m, 2H, 1-I arom); 8.09 (dd, 11-1, 8.1 Hz, 2 Hz) 

4.4G 10 1.58 1.34 
Dithianyl protons: 1.86 (m, 11~); 2.16 (m, 11-I); 2.92 (m, 41-I) 
R protons: 0.85 (s, 3H, Me borneol); 0.87 (s, 31~1, Me borncol); 
0.89 (s, 3H, Me borneol); 1.12 (m, 111, II borneol); 
I.GO (III, 911, I-Is, Hz, dithiunyl proton, G I-I borncol); 
2.3 (m, lH, dithianyl proton); 2.9 (m, 4H, dithianyl protons); 
4.85 (m, II-I, CH-O-C(O)) 

At 200 MI-I;: unless specified otherwise; n CHCl3 refi 7.24 ppm. 

Table X. 13C NMR data (6 ppmn) in CDCIs of protected acid 5 and esters 6d,e: 

CompoqLlLd 4 C2 C3 c,, C5 C3 or C7 Other carbons 

5 36.9 28.2 29.4 176.1 42.1 13.8 28.8 30.0 (2*CH& 25.2 CI-12 
Gd 36.0 26.8 29.8 170.9 42.3 14.0 28.8 25.0 (2*CH2); 26.4 (3*C!I-Is); 

30.1 CI-12; 31.2 C; 73.3 CH:! 
Ge 37.4 28.8 29.4 168.4 42.0 13.G 28.6 30.0 (2*CH& 25.4 c1-I~ 

122.6, 225.0, CH arom 
145.5, 155.5 C arom 

At 50 MN& unless specified othorwiso; il CDCls rcf’z 76.9 pptn; ’ 75 MHz; ’ 100 MHz. 

recorded on a Bcckmnn IR 4250 spectrometer. Mass spectra 
were measured with a ZAB2-SEQ instrument. I?Jementnl 
analyses were performed by SCAJCNRS, Vernaison, France. 

X-ray cnJsta!lography 

Crystallographic data for A and 3 were obtained using a 
Sicmcns P4 diffractometer with graphite-monochromated 
Cu-ICru and a Syntcx diffractometer with graphite-mono- 
chromutcd MO-KU radiation, rcspectivcly. Cell constants 
and an orientation matrix for data collection, obtained from 
a least-squares refinement using the setting angles of 32 care- 
fully centered reRections, corresponded to a primitive or- 
thorhombic celi in both cases. Systematic absences uniquely 
determined the space group to be P212121 (#19) for both 
compounds. The data were collected at a temperature of 
25 f 1 “C using the w scan technique. The intensities of 
three representative reflections were measured after every 
100 reflections. No decay correction was applied. The lin- 
ear absorption coeflicients for Cu-Kcu and MO-I<cy radia- 

tion were measured. Azhnuthal scans of several reflections 
indicated no need for an absorption correction. The data 
were corrected for Lorentz and polarization effects. A cor- 
rection for secondary extinction was applied. The struc- 
tures were solved by direct methods [13] and expanded us- 
ing Fourier techniques [14]. The non-hydrogen atoms were 
refined anisotropically. Hydrogen atoms were included but 
not refined. The final cycles of full-matrix least-squares re- 
finement converged with values of unweighted and weighted 
agreement factors indicated in table V with other rele- 
vnnt crystallographic information. All calculations were per- 
formed for A using the Siemens SHELXTL IRIS package, 
and for 3 using the tcXsan [l5] crystallographic software 
package of Molecular Structure Corporation. A list of atomic 
coordinates and isotropic displacement parameters is shown 
in table VI for A and in table VII for 3. Additional in- 
formation such as bond lengths and angles, torsion angles, 
anisotropic thermal parameters, hydrogen atom positions, 
and observed and calculated structure factors has been de- 
posited with the British Library Document Supply Ccntre 
(see below). 
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Synthetic p1acedu1es 

l Acid-catal~~zcd esterification. 
General procedure according to Bakshi et d/3/ 

A stirred solulion ol‘ 14 mmol biocurlol uud 2.75 mmol 
p-loluene5ulfonic acid iu 20 mL methanol or ell~ariol was 
rclluxed for 7 h. Afler cooling llic mixture al room tcmpor- 
alure, 0.4 a sodium acetate was adcled and Lhc solvent was 
ovapdrated; The rcsiduc was takeu up in petroleum ether 
tmd wtlshed twice with water. dried over NnzSOn. filtered 
nud cvaporntcd. The slightly yellow oil was Lilen -Added lo 
20 mL ol’ a 0.5% aqueous oxalic acid solution. The mix- 
turc was then stirred for two hours at room temperature, 
tmd theu laker1 up with ethyl acetate and worked up as 
previously. The resulting slightly yellow liquid was chro- 
matogruphed on silica gel (90 g), with petroleum ether/ethyl 
ether mixtures of increasing polarity as eJuent and alTorded 
esters la,h. ‘I-l NMR examination indicated that these com- 
pounds were contaminated with l-7% of the epimeric ester 
l’n,b. 

a DCC/DkfAP-catalyzed esterificu.tion 

n (lR,3S)-Bmryl 2,2-dirncth~l-3-fomn~lc~clo~~~opane- 
I-carbozytate Ic 
To tL stirred solution of 10 R of biocnrtol (70.4 mmol) and 
22.7 g of benayl alcohol (231 mmol, 3 eiuiv) in lob mL 
CI-I&19 was added dronwise at 10 “C a solution of 0.43 E 
of DMAP (3.52 mAoi, 0.05 cquiv) and 16 g of DCC’ 
(77.5 mmo1, 1.1 equiv) dissolved in 200 mL CH2CI2. The 
reaction mixture wns then stirred for I8 h at room tem- 
perature. It was then concentrated and the dicyclohexyl- 
urea precipitate was filtered OK, The filtrate was washed 
twice with 10% I-ICI, and with a saturated NaHCOa solu- 
tiou, dried over Na2SO4, flltercd, couccntrated to half vol- 
ume, and then 100 mL of cold ether were added. The solid 
mat;erial was filtered oIS and chromatographed on silica gel 
with CI-I2Cl:!/ethyl acetate (95:5) as clueut, afiordiug the 
N-ocylurea 4 and ‘dimer’ 3 side-products in pure form. The 
filtrate was evaporated in vacua, chromatogmphed ou silica 
gel (200 g) with petroleum eLher/ethyl ether (85:15) as elu- 
cnt und amordcd ester lc and the corresponding acetal 2c 
as colorless oils. After this tedious isolation by column chro- 
matography t;he indicative proportions of lc:2c:3:4 were 
31:15:36:18. NB: conversion of the starting material A is not 
complete after 18 h reaction time, aud format;ion of dibeneyl 
ether is observed. 
lc: MS (CI/NHz): m/z 233 (MH’), 250 (MNHf). 
NMR: see tables I and II. 
3: Rr = 0.81; eluent (95:5): CH2C12/AcOEt. 
MS (IC/NI&): m/z 267 (MI-I+), 284 (MNII,f). 
NMR: see tables I and IV. 
4: Rf = 0.49; eluent (95:5): CH2Clz/AcOEt. 
MS (CI/NHs): m/z 349 (MH+). 
IR (KBr): 3 250 (NH), 1 695 (C(O)II), 1648 (C(O)N) cm-‘. 
NMR: see t;abIcs I and II. 

The methyl, ethyl and neopentyl esters la,b,d and 
acetals 2a,b,d were obtained using the same procedure as 
described above Ibr lc. 
la: MS (CI/Nl-13): m/z 157 (MI-I+), 174 (MNH:). 
IR (neat): 1745 (COz), 1725 (CO ald) cm-‘. 
NMR: see tables I and 1.1. 
lb: MS (CI/NI-Is): m/z 171 (MH’), 188 (MNH,f). 
IR: (neat) 1725 (COz), 1701 (CO ald) cm-‘. 

NMR: see tables I and II. 
Id: MS (IWE@): m/z 213 (MI-I+). 

NMR: see tables I arid II. 
2a: MS (CI/NHs): m/z 157 (MI-I”), 174 (MNH$). 
NMR: see tables III and IV. 
2b-d: Nn4R: see tubles III and 1V. 

l DCC/DMAP-catalyzed esterification 
u5in.g &Mane protectz’on 

q (fR,3S)-~,~-Dimeth~l-3-(1,3-~ithian-~-~l)c~clo- 
propane-1-carboxfjlic acid 5 
‘lb E stirred soluLi& of 10 g of biocarlol (70.42 mmol) and 
10.6 mL of oronaue-1.3-dithiol (1.5 couiv. d = 1.078) in 
450 mL mctimnbl was’added drdpwise’at 6-5 OC 10.4’mL 
of a solution of BFs(OEtz) (1.2 equiv, d = 1.154) in 50 mL 
methanol. The reaction mixture was furlher 5Lirred at room 
temperature for 1 lr and 30 min. The solvent was carefully 
climiunted in vacua und the residue wns taken up in 100 mL 
of CI-I&$ and .washed twice with water. The organic layer 
was treated with 300 mL of saturated aqneous NoHCOs 
solution and stirred vigorously for 15 miu. The organic layor 
was separated after 45 min. To the aqueous layer was added 
dropwise 75 mL or concentrated HCl (37%, d = 1.180) 
at 0 OC with vigorous stirring. The while precipitate was 
riltered off, washed with acidic water (pH 1) and dried. 
The previous organic layer was extracted again with water 
nnd the mixture was kept overnight. I-ICI treatment of the 
aqueous layer, shnilar DS ahove, alforded a second crop of 
white crystalline acid 5 in pure form. Overall yield 80%. 
Mp 127 OC. 
Aual talc for C1oH1~02Sz: C 51.72, I-1 6.90, 0 13.79, S 27.59. 

Found: C 51.50, I-1 G.81, 0 13.66, S 27.39. 
MS (Cl/NHa): m/z 250 (MNH:), 233 (MH+). 
IR (KBr): 3222 (OH), 1724 (COZ) cm-‘. 

n General procedure for the preparation of protected 
lriocartol esters t&d-g 
To a stirred aud cold (0 “Cl solution of 5 R of acid 5 
(21.55 mmol) nnd 2 eqiiv of ‘alcohol or phenc?l in 20 mL 
of CHOCI:! or CH&lg/DMF dried over alumina was added 
dropwise -during i I;‘a solution or DCC (1.1 equiv) and 
DMAP (0.05 cquiv) in 20 mL of CI-IZC~~. The mixture was 
stirred for 2-3 h at room temperature. The dicyclohexy- 
lurea (DCU) precipitate was filtered OF, and the solvent 
was removed hy evaporation. The residue was dissolved in 
Et20 (100 mLj and-put in the refrigerator overnight. The 
remaining DCU wss fdtered ofi. tho solution was washed 
successively with 0.2 N I-ICI (4 ‘X 25 mL) and with satu- 
rated aqueous NaHC03 solution (2 x 20 mL), and it was 
dried over Na2S04 and the solvent was removed in vacua. 
The crude product, was purified by silica gel chromatogra- 
phy with CI-IzCl2 as eluent to alFord the ester 6. NMR: see 
tables IX and X. 

The methyl, neopentyl, pnitrophenyl, m-nitrophenyl and 
bornyl esters Oa,d-g were obtained using this procedure, 
and the yields are reported in table VIII. 
Ga: NMR: see tables I and II. 
Gd: MS (ITAB+): m/z 132 (MI-I+). 
NMR: see tables I and II. 
Ge: Mp 130 “C. 
Anal talc for C]eHls04NSz: C 54.39, I-I 5.38, 0 18.13, N 

3.97, S 18.13. F’ound: C 54.38, II 5.50, 0 18.04, N 4.11, S 
18.18. 

MS (CI/NFI+ 371 (MNII,+), 354 (MI-I+); (~1) 353 (M+‘). 
HE: (KBr) 1737 (COZ) cm -1 

. 

NMR: see tables I and II. 
6f: MS (FAB+): 354 (MH+). 
NMR: see tables I and II. 
Gg: NMR see tables I and II. 
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n General procedwe for dithiane &protection leacling to 
aldehydo esters lo,d-g 
To a vigorously stirred solution of 7.4 g of red mercuric ox- 
ide (34.0 mmol), 4.2 mL (34.0 mmol) of boron trifiuoridc 
etherate solution (cl = 1.154) and 15% uqueous tetrahydro- 
furan (10 mL/g of dithianc) were added dropwiso for 15 min 
17 mmol of dithiano 1 dissolved in a minimum of tetrahydro- 
furan. Stirring was maintained for lo-20 min after addition 
was complete. Diethyl ether was then added, the precipi- 
tated inorganic salts were iiltered, the ether solution was 
washed with saturated NaI-ICOa solution and brought to 
neutrality with brine solution. After drying over NaeS04, 
the ether was evaporated under vacuum to yield aldchydo es- 
ter 0. The methyl, ueopentyi, p-nitrophenyl, m-nitrophonyl 
am1 bornyl esters la,&g were obtained using this procc- 
dure, and the yields are reported in table VIII. 
ln,d: see above. 
le: Mp = 105 OC. 
Anal talc for CraI-Ir3NOs: C 59.32, I-I 4.94, 0 30.42, N 5.32. 

Found: C 59.40, I-I 5.25, 0 30.00, N 5.25. 
MS (CI/NI-13): 281 (MNI-I,+), 264 (MI-I+); (EI) 264 (MI-I+). 

IR (KBr): 1743 (COe), 1696 (CO ald) cm-‘. 
If: MS @‘AU+): 2G4 (MI-I+). 
NMR: see Cables I and II. 
lg: MS (FAB”): 279 (MI-I+j. 
NMR: see tables I and II. 

Supplementary material 

Bond lengths and angles, torsion angles, anisotropic dis- 
placement parameters, hydrogen atom positions and struc- 
ture fnctors have been deposited with the British Library, 
Document Supply Ccntre at Boston Spa, Wetherby, West 
Yorkshire, LS23 7BQ, UK, as supplementary publication 
No = SUP 90472 and are available on request from the Doc- 
utnent Supply Centrc. 
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