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Summary. Acetals of a series of substituted lactic acid derivatives were formed with enantiopure
lactol 1. 'H and *C NMR spectroscopic data of the anomerically pure O,0-acetals are compared in
order to assign the absolute configuration of the O-protected lactic acid derivatives and for the
determination of enantiomeric excesses. The results are supported by molecular modeling studies.
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0,0-Acetalbildung des exo-anellierten Octahydro-7,8,8-trimethyl-4,7-methano-
benzofuran-2-ols mit Milchséiure- und Phenylmilchsiurederivaten

Zusammenfassung. Substituierte Milchsidurederivate wurden mit enantiomerenreinem Lactol 1
acetalisiert. Die 'H- und '*C-NMR-Daten der dabei erhaltenenen anomerenreinen O,0-Acetale sind
zur Bestimmung von Enantiomereniiberschiissen und der absoluten Konfiguration geeignet. Die
Resultate der Konformationsanalyse werden durch Kraftfeldrechnungen unterstiitzt.

Introduction

The terpenoid carbohydrate models 1 and 2 are valuable tools as enantiopure
hydroxyl protecting groups [1], for the separation of racemic alcohols, and for
the determination of the enantiomeric purity and the absolute configuration of
secondary alcohols [2]. The thermodynamically controlled preferential formation
of one diastereoisomer can be explained by a simple conformational analysis of the
two possible structures by considering steric and stereoelectronic effects for bulky
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and planar substituents, respectively. This has been described in detail elsewhere
[3] and is supported by the solid-state structures of various acetalized alcohols [4].

We now have extended the investigation of the suitability of the title lactol 1 in
the acetal formation of functionalized secondary alcohols and examined the
reaction of a-hydroxy carboxylic acid derivatives with 1 on a preparative scale.
Additionally, a simple procedure for the determination of enantiomeric excess of
a-hydroxy acid derivatives by in situ acetalization in the NMR tube was
elaborated, taking into account their increasing importance in medicinal chemistry
[5]. We anticipated only small diastereoselectivities for the carboxylates, these
groups being not only stereoelectronically active but also exhibiting the properties
of a bulky substituent. However, some evidence has been reported for the
participation of this functional group in stereoelectronic interactions [6]. Hence, we
acetalized a series of model compounds (4a—f; [7]) and determined the
enantioselectivity of the reaction by NMR tube experiments at room temperature.

Results and Discussion

The diastereomeric acetals (S,5)-5/(S,R)-5a—f (for convenience, only the chiral
descriptors for the anomeric center of the ring system and the lactic acid derivative
are given) were formed by acid catalyzed (p-toluene sulfonic acid) reaction of
racemic 4a—f with 3 (the easier to handle dimer of 1) in dichloromethane on a
preparative scale and in chloroform-d; in the NMR tube. They were isolated by
flash chromatography on triethylamine impregnated silica gel in up to 90% yield.
Under these reaction conditions, the thermodynamic product ratio is observed [8].
As two of the diastereomeric products did not show a sufficient separation on TLC,
the corresponding acetals (S,5)-Sb—e were synthesized starting from enantiopure
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Table 1. Characteristic 'H and 1*C NMR signals of the diastereomeric O,0-acetals (S,5)-5/(S,R)-5a—f
(in CDCl3; 6 in ppm relative to internal TMS')

(5.9)- (S.R)- (5.9)- (S.R)- (5.9)- (S.R)- (5.9)- (S.R)- (5.9)- (S.R)- (5.9)- (S.R)-
Sa Sa 5b 5b Sc Sc 5d 5d Se Se 5f 5t

H-2 5.19 495 517 5.14 515 495 518 497 504 518 502 5.02
H-7a 254 398 387 398 253 388 257 3.89 389 382 298 375
H* 448 423 434 397 442 4.08 450 4.17 460 427 4.66 4.46
C-2 103.8 105.9 102.7 106.7 102.9 106.6 103.4 104.5 102.3 105.7
C-7a 914 914 90.6 91.6 90.7 915 914 916 909 913
C* 693 726 733 779 734 778 682 693 719 743
C=0 173.5 174.0 172.8 173.4 1723 17277 1727 172.8 171.7 172.1
ACc—o" -22 -17 -17 -11 -16 -12 -20 -21 -20 -16
Gy 19.0 184 391 391 391 391 185 173 39.1 39.0
ACpb -13 -19 -15 -15 -13 -13 -21 -33 =29 =30
ASCE +09 -02 +02 -04 403 -01 -01 -12 —-09 -14

Selectivity’  1.15 01 1.0 1 1.40 1 1.25 01 1.0 1 1.25 01

2 ACc—o = bc—0 ((5,5)-5/(S,R)-5a—e) — Sc—o(4a—e);  ACy = 6Cy((S,S)-5/(S,R)-5a—e) — 6Cy,(4a—e);
¢ ASC=AC, — ACc_o; ¢ estimated error: £0.03

(S)-4b—e for the unambiguous assignment of the NMR data. The characteristic
signals of the diastereomers are summarized in Table 1.

NMR spectroscopy of lactic ester derivatives

The chemical shifts of the H-2 protons (acetal position) follow the general trend
observed earlier [2—4], i.e. those of the ester derivatives (S,5)-5a—d are shifted
downfield compared to those of (S,R)-5a—d which are effected by the deshielding
ester carbonyl group. On the other hand, the H-7a protons in the endo-bridgehead
position are shifted to rather high field in the phenyllactic acid derivatives (S,S)-
Sa,c.d (up to 1.5 ppm). This can be understood assuming the phenyl group being
located below the benzofuran ring system in the (S,S) forms. This preferred
conformation of the (S,5) type acetals is supported by force field calculations [9] of
the diastereomeric acetals (S,S)-5/(S,R)-5d; the most stable conformations are
shown in Fig. 1. For (§,5)-5d, an interatomic distance of about 2.9 A for the 7a-
proton and the phenyl moiety is found. Additionally, the proton in the 6a-(endo)-
position of the 4,7-methano-benzofuran framework is shielded by the phenyl ring
and resonates at 0.5-0.8 ppm in (S,5)-5a,c¢,d. Interestingly, the benzyl ester group

Fig. 1. Most stable conformations
of the O,0-acetals (S,5)-5d/(S,R)-
(S;R)-5d (S,5)-5d 5d (distance in A)
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does not show any influence on the chemical shifts of the characteristic protons, as
can be clearly seen from the nearly identical shifts of the diastereomeric methyl
ester acetals (S,5)-5/(S,R)-5c¢. In all examples as well as in all O,0-acetals reported
earlier [4] the resonances of the protons at the chiral center of the lactic acid
derivatives (S,5)-5 are found downfield by 0.2 to 0.4 ppm due to syn-periplanarity
with the endocyclic oxygen. This unique feature can be employed for the assign-
ment of the absolute configuration of functionalized secondary alcohols. However,
the racemic alcohol must be available as well, and the procedure is handicapped by
the sometimes complex splitting pattern of the proton at the chiral center.

The carbon shifts of the O,0O-acetals listed in Table 1 allow an unambiguous
assignment of the absolute configuration of the a-hydroxy acid derivative. In all
cases, the acetal carbon atom of (S,5)-5b—d is found 2.1 to 4.0 ppm upfield from the
corresponding resonances of (S,R)-Sb—d, a tendency which can be observed for the
chiral carbon atom of the lactic acid derivative (A =1.1-4.0 ppm) as well. This
upfield shift is — although to a smaller degree — consistently observed for the
carbon atoms at the 7a-ring position and for the carbonyl carbon atom. We applied
one of the methods described earlier for the determination of the absolute
configuration of secondary alcohols with two alkyl groups of different size [4e] by
looking at the carbon shift differences in y-position to the chiral center of the acetal
(C-2) and comparing these numbers with the carbon resonances of the starting
alcohols 4 (A6C in Table 1). Correct values were obtained for the ester acetals
(S,5)-5/(S,R)-5b—d (a positive sign A6C implies that the chiral centers of the acetal
carbon and the lactic acid derivative have the same descriptor; if a negative sign is
obtained, different descriptors are deduced.

NMR spectroscopy of lactamide derivatives

The general features observed in the 'H NMR spectra of ester acetals (S,S5)-5/(S,R)-
Sa—d are found in the spectra of amides (S,S)-5/(S,R)-Se, f as well, with only one
exception: the H-2 protons do not show a downfield shift in the (S,S) configurated
diastereoisomers (S,5)-5. There is, however, no evidence at all that the amide group
adopts a different conformation. The carbon shifts show nearly identical sets of
signals for the diastereomeric acetals when compared to the ester acetals as
indicated by the C*-H protons with a downfield shift for (S,5)-5e and (S,S)-5f, too.
It might thus be concluded that the amide group does not exhibit the same
deshielding effects as the ester carbonyl group. It is known that the amide group
lacks a general and uniform anisotropic effect [10].

When applying the calculation described above for the carbon signals in the
determination of the absolute configuration, it is clearly noticable that this
procedure does not work for the amide acetals (S,5)-5/(S,R)-5e and (S,S)-5/(S.R)-
Sf. Obviously, the differences between the carbon shifts of Cp, in the a-hydroxy
amide and its acetalized form are too large; therefore, negative values are
calculated for AOC in all cases.

Selectivities

Selectivities were determined in the NMR tube experiments by reaction of 3 under
acid catalysis with 2.2 to 2.5 equivalents of the racemic acid derivative 4a—f at
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room temperature and subsequent integration of the H-2 doublets of the diastereo-
meric acetals. The values given in Table 1 are averages of up to 4 independent
experiments under the conditions described in the experimental part. No
measurable effect could be observed when slightly changing 4a—f:3 ratios. Neither
were the selectivities in any way influenced by the amounts of 4 and 1 in the
reaction mixture, nor did they change with time when the (S,5)-5:(S,R)-5 ratio was
determined repeatedly; in other words, no kineticially controlled product ratio was
observed. With all phenyllactic acid derivatives, a very modest preference for the
(S,S) type acetals could be found.

The nonbonding interactions between the methyl group and the 4,7-
methanobenzofuran ring system in the lactic acid derivatives (S,5)-5/(S,R)-5b
and (S,5)-5/(S,R)-5e are obviously too small to have an observable effect on the
different stabilities of the diastereomeric acetals. Thus, when taking all selectivities
observed for functionalized secondary alcohols with methyl groups as bulky
substituents into consideration [4], the following order of exo-anomeric stabiliza-
tion of stereoelectronically active substituents can be established: Ph ~C=CH >
C=N > C-0 > C-S » CO,R > CONR;.

Conclusions

The results given above demonstrate the feasibility of assigning the absolute
configuration of lactic ester derivatives, especially by employing '*C NMR
spectroscopy, even in cases when only one enantiomer is available. In N,N-
disubstituted lactamide derivatives, this assignment requires the racemic «-
hydroxy lactamide derivative for comparison as well. The small diastereoselec-
tivities observed indicate a rather small participation of carboxylic acid derivatives
N Noxygen-O¢_( iNteractions.

Experimental

General

300MHz '"H NMR spectra were recorded on a Bruker ARX 300 (VTU, 300K), *C NMR spectra
(50.3MHz) on a Bruker AC 200 spectrometer at ambient temperature. Optical rotations were
measured on a Perkin Elmer 141 Polarimeter. Elemental analyses were carried out by the micro-
elemental analysis service of the chemistry department of the University of Frankfurt. TLC was
performed on commercially available plates (Merck, silica gel 60); visualization of the compounds
was performed with either UV light or oxidation with a solution of (NH4)¢Mo070,4 and Ce(SOy), in
diluted sulfuric acid and subsequent heating. The TLC plates were deactivated with a solution of
petrolether/ether/triethylamine (10/3/1, v/v) prior to use. Flash chromatography was performed on
commercial silica gel (Merck 60, 0.040-0.063); column fillings were performed with the above
solvent mixture and reactivated with the solvent employed for separation.

Starting materials

(S)- and rac-4a were conveniently prepared by treatment of (S)- and rac-phenyl alanine with nitric
acid [11]; (S)-4b was commercially available (Fluka); rac-4b was obtained by esterification of
racemic lactic acid with ethanol [12]; (S)- and rac-4c and 4d were obtained from the sodium salts of



286 U. Girreser et al.

(8)- and rac-4a by reaction with methyl iodide and benzyl bromide, respectively [11, 13]; (S)- and
rac-4e were obtained by treatment of the ethyl esters with dimethylamine [14], (S)- and rac-4f by
reaction of 4¢ with N,N-dimethylamine [15].

General procedure for the synthesis of (S,S)-5/(S,R)-5b—e

200 mg (0.53 mmol) of (25-(2a(2R* 3a'S™* 4'S*,7'S* 74'S*),3a0,4 3,7 3,7a0))-2,2'-oxybis(octahydro-
7,8,8-trimethyl-4,7-methanobenzofuran) (3) and 2.5 mmol of either (S)- or rac-4b—e were stirred
with 3-5mg of p-toluenesulfonic acid and ca. 1g of molecular sieve (4 A) in 10ml of
dichloromethane for 3h at room temperature. Then, about 0.3 ml of triethylamine were added to
the reaction mixture, the solution was filtered, and the solvents were evaporated in vacuo. The
remainder was immediately subjected to flash chromatography employing a column of 30 cm length
and 3cm internal diameter filled with ca. 50g of silica. The reaction of (S)- and rac-4a was
performed on the NMR tube scale. In the cases of acetals (S,5)-5/(S,R)-5b and (S,5)-5/(S,R)-5d, no
separation was achieved under the employed conditions, and the NMR data were evaluated from the
diastereomeric mixtures. Experimental setup for the NMR tube experiments: 5.0 mg (13 mmol) of 3
and 66 mmol of rac-4a—d were dissolved in 0.5 ml of chloroform-d;, and a very small crystal of p-
toluenesulfonic acid was added.

Ethyl (25-(2a(R*),3a0,43,73,7ac))-2-(octahydro-7,8,8-trimethyl-4, 7-methanobenzofuran-2-yloxy)-
propanoate ((S,S)-5b)

From (S)-4b; 286 mg (85%); colorless liquid; R =0.64 (PE:E=5:1); af =—123.5 (¢=0.179 in
CH,Cl,); '"H NMR (300 MHz, CDCl3): 6 =5.17 (d, 1H, 3/ =4.9 Hz, H-2), 4.34 (q, 1H,3J=7.1 Hz,
C*-H), 4.17 (AB-part of an ABX;3-system, 2H, OEt), 3.87 (d, 1H, 3J=7.4 Hz, H-7a), 1.38 (d, 3H,
3]=17.0 Hz, C*-CH?), 1.28 (t, 3H, >*J=7.1 Hz, OEt), 1.30-2.30 (m, 8H, H-3, H-3a, H-4, H-5,H-6),
0.78/0.95/0.98 (3xs, 9H, ring-CH3) ppm; '*C NMR (50.3 MHz, CDCl;): 6§ =173.5 (C=0), 103.8
(C-2), 91.5 (C-7a), 69.3 (C*), 60.7 (OEt), 48.4 (C-4), 47.6 (C-7), 47.0 (C-8), 45.8 (C-3a), 38.6 (C-3),
32.4 (C-6), 28.9 (C-5), 22.9/20.4/11.6 (ring-CH3), 19.0 (C*-CH3), 14.2 (OEt) ppm; C;7H30,
(296.4); calc.: C 68.89, H 9.52; found: C 68.63, H 9.31.

Ethyl (25-(20(S*),3a0,43,78,7ac))-2-(octahydro-7,8,8-trimethyl-4,7-methanobenzofuran-2-yloxy)-
propanoate ((S,R)-5b)

R; =0.64 (PE:E=5:1); '"H NMR (300 MHz, CDCl3): §=5.14 (d, 1H, 3J=4.9 Hz, H-2), 3.98 (q,
1H, 3J=7.1 Hz, C*-H), 4.17 (AB-part of an ABX3-system, 2H, OEt), 3.97 (d, 1H, 3/=7.4 Hz, H-
7a), 1.34 (d, 3H, 3J = 6.7 Hz, C*-CH3), 1.29 (t, 3H, 3J = 7.0 Hz, OEt) 1.30-2.30 (m, 8H, H-3, H-3a,
H-4, H-5, H-6), 0.76/0.90/0.96 (3xs, 9H, ring-CH3) ppm; '3C NMR (50.3 MHz, CDCls): § = 174.0
(C=0), 105.9 (C-2), 91.4 (C-7a), 72.5 (C*), 60.5 (OE), 48.6 (C-4), 47.5 (C-7), 47.0 (C-8), 45.8 (C-
3a), 38.8 (C-3), 32.3 (C-6), 28.8 (C-5), 22.8/20.4/11.5 (ring-CH3), 18.4 (C*-CH3), 14.2 (OEt) ppm.

Methyl (25-2a(R* ), 3ac,43,73,7a))-2-(octahydro-7,8,8-trimethyl-4,7-methanobenzofuran-2-yloxy)-
3-phenyl propanoate ((S,S)-5¢)

From (S)-4¢c; 302mg (79%); colorless liquid; Ry =0.47 (PE:E=5:1); o =—97.8 (¢=0.300 in
CH,Cl,); '"H NMR (CDCls, 300 MHz): § =7.15-7.30 (m, SH, Phenyl-H), 5.15 (d, 1H, 3J =4.3 Hz,
H-2), 4.42 (X-part of an ABX system, 1H, 3J=3.6, 10.2 Hz, C*-H), 3.73 (s, 3H, OCH3), 3.13/2.85
(AB-part of an ABX system, 2H, 3J=3.6, 10.2 Hz, 2J = 13.6 Hz, CH,Ph), 2.53 (d, 1H, 3/ =7.5 Hz,
H-7a), 0.90-2.20 (m, 7H, H-3, H-3a, H-4, H-5, H-6b), 0.71/0.77/0.85 (3 X s, 9H, ring-CH3), 0.60—
0.80 (m, 1H, 6aa) ppm; 3C NMR (50.3 MHz, CDCl3): §=172.8 (C=0), 137.9 (C-Ph(1)), 129.7
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(C-Ph(3)), 128.1 (C-Ph(2)), 126.4 (C-Ph(4)), 90.6 (C-7a), 73.3 (C*), 51.9 (OCH3), 48.2 (C-4), 47.5
(C-7), 46.9 (C-8), 45.6 (C-3a), 39.1 (CH,Ph), 38.6 (C-3), 32.1 (C-6), 28.8 (C-5), 22.8/20.4/11.4
(ring-CH3) ppm; CH3004 (358.5); calc.: C 73.71, H 8.44; found: C 74.01, H 8.69.

Methyl (2S-2a(S*),3ac,43,73,7aa))-2-(octahydro-7,8,8-trimethyl-4, 7-methanobenzofuran-2-yloxy)-
3-phenyl propanoate ((S,R)-5¢

Colorless liquid; Rf=0.51 (PE:E=5:1); o =—74.4 (c=0.882 in CH,Cl,); 'H NMR (CDCl;,
300 MHz): 6 =7.15-7.30 (m, 5H, Phenyl-H), 4.95 (d, 1H, 3J=5.1 Hz, H-2), 4.08 (X-part of an ABX
system, 1H, 3J=6.3, 7.8 Hz, C*-H), 3.88 (d, 1H, 3J=7.6 Hz, H-7a), 3.67 (s, 3H, OCH3), 2.94 (mm,
AB-part of an ABX system, 2H, CH,Ph), 1.30-2.30 (m, 8H, H-3, H-3a, H-4, H-5, H-6), 0.76/0.85/
0.89 (3 x s, 9H, ring-CH3) ppm; *C NMR (50.3 MHz, CDCl3): § = 173.4 (C=0), 137.0 (C-Ph(1)),
129.4 (C-Ph(3)), 128.3 (C-Ph(2)), 126.6 (C-Ph(4)), 106.7 (C-2), 91.6 (C-7a), 77.9 (C*) 51.7 (OCH3)
48.6 (C-4), 47.5 (C-7), 46.8 (C-8), 45.7 (C-3a), 39.1 (PhCH,), 38.4 (C-3), 32.3 (C-6), 28.9 (C-5),
22.8/20.4/11.3 (ring-CH3) ppm; Cx»H3oO4 (358.5); calc.: C 73.71, H 8.44; found: C 74.00,
H 8.72.

Phenylmethyl (2S-2a(R*),3a0,43,73,7acx))-2-(octahydro-7,8,8-trimethyl-4, 7-methanobenzofuran-2-
yloxy)-3-phenyl propanoate ((S,S)-5d)

From (S)-4d; 417 mg (90%); Colorless liquid; Ry =0.57 (PE:E = 5:1), ¥ =—113.8 (¢ = 0.322 in
CH,Cl,); 'H NMR (CDCl3, 300 MHz): §=7.10-7.45 (m, 10H, Phenyl-H), 5.22/5.17 (ABq, 2H,
2J=12.3 Hz, OCH,), 5.20 (d, 1H, 3J ~4.7 Hz, H-2), 4.50 (X-part of an ABX system, 1H, 3J=3.8,
10.1 Hz, C*-H), 2.90/3.16 (AB-part of an ABX system, 2H, 3/=3.8, 10.1 Hz, >2J=13.6 Hz,
CH,Ph), 2.59 (d, 1H, 3J=7.1 Hz, H-7a), 0.80-2.20 (m, 7H, H-3, H-3a, H-4, H-5, H-6b), 075/0.81/
0.88 (3 x s, 9H, ring-CH3), 0.60-0.75 (m, 1H, 6aa) ppm; *C NMR (50.3 MHz, CDCl3): § = 172.3
(C=0), 137.9 (C-Ph)(1)), 135.7 (C-Ph)(1)), 129.0 (C-Ph(3)), 128.6 (C-Ph(3)), 128.4 (C-Ph(2)), 128.4
(C-Ph(2)), 128.2 (C-Ph(4)), 126.5 (C-Ph(4)), 102.9 (C-2), 90.7 (C-7a), 73.4 (C*), 66.6 (OCHy), 48.2
(C-4), 47.1 (C-7), 46.9 (C-8), 45.7 (C-3a), 39.1 (CH,Ph), 38.5 (C-3), 32.2(C-6), 28.8 (C-5), 22.8/
20.5/11.4 (ring-CH3) ppm; CygH3404 (434.6); calc.: C 77.39, H 7.89; found: C 77.18, H 7.94.

Phenylmethyl (25-20(S*),3a0,43,703,7ac,))-2-(octahydro-7,8,8-trimethyl-4, 7-methanobenzofuran-2-
yloxy)-3-phenyl propanate ((S,R)-5d)

Ry =0.57 (PE:E=5:1); '"H NMR (CDCl3, 300 MHz): §=7.10-7.40 (m, 10H, Phenyl-H), 5.12 (s,
2H, OCH,), 4.97 (d, 1H, 3J=17.6 Hz, H-2), 4.17 (t, 1H, 3J ~ 7.0 Hz, C*-H), 3.91 (d, 1H, 3J =7.6 Hz,
H-7a), 2.90 (d, 2H, 3J = 7.0 Hz, CH,Ph), 0.80-2.50 (8H, H-3, H-3a, H-4, H-5, H-6), 0.79/0.88/0.90
(3xs, 9H, ring-CHj3) ppm; '*C NMR (50.3 MHz, CDCl3): § = 172.7 (C=0), 137.8 (C-Ph(1)), 136.9
(C-Ph(1)), 129.7 (C-Ph(3)), 129.4 (C-Ph(3)), 128.3 (C-Ph(2)), 128.1 (C-Ph(2)), 128.0 (C-Ph(4)),
126.6 (C-Ph(4)), 106.6 (C-2), 91.5 (C-7a), 77.8 (C*), 66.4 (OCH,), 48.6 (C-4), 47.5 (C-7), 46.9
(C-8), 45.6 (C-3a), 39.1 (CH,Ph), 38.6 (C-3), 32.2 (C-6) 28.8 (C-3), 22.8/20.4/11.4 (ring-CH3) ppm.

(25-(20(R*),3a0,43,73,7ac))-N,N-Dimethyl-2-(octahydro-7,8,8-trimethyl-4, 7-methanobenzofuran-
2-yloxy)propanamide ((S,S)-5e)

94 mg (30%) from rac-4e; colorless liquid; Ry =0.31 (Et,0): aéz =—157.1 (¢=0.271 in CH,Cl,);
'H NMR (CDCl3, 300 MHz): 6 =5.05 (d, 1H, 3J=5.0 Hz, H-2), 4.60 (q, 1H, 3J=6.8 Hz, C*-H),
3.89 (d, 1H, 3J=17.4 Hz, H-7a), 2.98/3.08 (2xs, 6H, N-CH3), 1.40-2.20 (m, 8H, H-3, H-3a, H-4, H-
5, H-6), 1.35 (d, 3H, 3J=6.9 Hz, C*-CH3), 0.80/0.94/1.00 (3 x s, 9H, ring-CH3) ppm; *C NMR
(50.3 MHz, CDCl3): 6 =172.3 (C=0), 103.4 (C-2), 91.4 (C-7a), 68.2 (C*), 48.4 (C-4), 47.6 (C-7),
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464.9 (C-8),45.9 (C-3a) 38.6 (C-3), 35.9/36.8 (N-CHj3), 32.4 (C-6), 28.9 (C-5), 22.8/20.4/11.6 (ring-
CH3), 18.5 (C*-CH3) ppm; Ci7HO3N (295.4); cale.: C 69.12, H 9.89, N 4.74; found: C 69.09, H
10.02, N 4.95.

(25-2a(S*), 3aa,43,703,7ac))-N,N-Dimethyl-2-(octahydro-7,8,8-trimethyl-4, 7-methanobenzofuran-2-
yloxy)propanamide ((S,R)-S5e

85 mg (27%) from rac-4e; colorless liquid; Ry =0.37 (Et,0); a2D2 =—88.8 (¢=0.376 in CH,Cl,);
'H NMR (CDCls, 300 MHz): §=5.18 (d, 1H, 3J=4.9 Hz, H-2), 3.82 (q, 1H, 3] =6.5 Hz, C*-H),
3.82 (d, 1H, 3J=17.6 Hz, H-7a), 2.95/3.07 (2xs, 6H, N-CH3), 1.40-2.20 (m, 8H, H-3, H-3a, H-4, H-
5, H-6), 1.33 (d, 3H, 3J=6.5 Hz, C*-CHj3), 0.79/0.93/0.99 (3 x s, 9H, ring-CH3) ppm; 3C NMR
(50.3MHz, CDCls): 6§ =172.8 (C=0), 104.5 (C-2), 91.6 (C-7a), 69.3 (C*), 48.6 (C-4), 47.6 (C-7),
46.9 (C-8), 45.9 (C-3a), 38.7 (C-3), 36.0/36.9 (N-CH3), 32.4 (C-6), 28.9 (C-5), 22.8/20.4/11.5 (ring-
CH3), 17.3 (C*-CH3) ppm; Ci7H903N (295.4); calc.: C 69.12, H 9.89, N 4.74; found: C 68.97, H
10.06, N 4.94.

N,N-Dimethyl (25-(20(R*),3ac,43,783,7ac))-2-(octahydro-7,8,8-trimethyl-4, 7-methanobenzofuran-
2-yloxy)-3-phenyl-propanamide ((S,S)-5f)

162 mg (41%) from rac-4f; colorless liquid; Ry =0.40 (Et;0); a2 = —98.3 (c = 1.230 in CH,Cl,);
'H NMR (CDCls3, 300 MHz): § =7.15-7.50 (m, 5H, Phenyl-H), 5.02 (d, 1H, 3J=4.7 Hz, H-2), 4.66
(t, 1H,3J=17.1 Hz, C*-H), 2.98 (d, 1H, 3J=6.7 Hz, H-7a), 2.86-2.96 (m, 2H, CH,Ph), 2.91/2.92 (2
x s, 6H, N-CH3), 1.30-2.20 (m, 7H, H-3, H-3a, H-4, H-5, H-6b), 0.87/0.83/0.73 (3 x s, 9H, ring-
CH3), 0.60-0.80 (m, 1H, 6a) ppm; *C NMR (50.3 MHz, CDCl3): § = 171.7 (C=0), 137.9 (C-Ph(1)),
129.6 (C-Ph(3)), 128.1 (C-Ph(2)), 126.5 (C-Ph(4)), 102.3 (C-2), 90.9 (C-7a), 71.9 (C*), 48.2 (C-4),
47.2 (C-7), 46.9 (C-8), 45.8 (C-3a), 39.1 (CH,Ph), 38.5/36.8 (N-CH3), 32.3 (C-6), 28.8 (C-5), 22.8/
20.5/11.4 (ring-CH3) ppm; Cy3H3303N (371.5); calc.: C 74.36, H 8.94, N 3.77; found: C 74.59, H
8.76, N 3.65.

N,N-Dimethyl (2S-(2a(S *),3a0,4 08,708,7ac))-2-(octahydro-7,8,8-trimethyl-4,7-methanobenzofuran-
2-yloxy)-3-phenyl-propanamide ((S,R)-5f)

115 mg (29%) from rac-4f; colorless liquid; Rf =0.57 (Et;0); o = —111.7 (¢ =0.606 in CH,Cl,);
'"H NMR (CDCl3, 300 MHz): § =7.16-7.26 (m, 5H, Phenyl-H), 5.05 (d, 1H, 3J=5.0 Hz, H-2), 4.46
(t, 1H, 37 =7.1 Hz, C*-H), 3.75 (d, 1H, 3J=7.5 Hz, H-7a), 2.97 (AB-part of an ABX system, 2H,
3] =7.1 Hz, 2J=13.0 Hz, CH,Ph), 2.87/2.83 (2 x s, 6H, N-CH3), 0.90-2.30 (m, 8H, H-3, H-3a, H-
4, H-5, H-6), 0.87/0.86/0.75 (3 x s, 9H, ring-CH3) ppm; '>*C NMR (50.3 MHz, CDCl3): § =172.1
(C=0), 137.3 (C-Ph(1)), 129.4 (C-Ph(3)), 128.1 (C-Ph(2)), 126.4 (C-Ph(4)), 105.7 (C-2), 91.2
(C-7a), 74.3 (C*), 48.6 (C-4), 47.4 (C-7), 46.9 (C-8), 45.7 (C-3a), 39.0 (CH,Ph), 36.7/35.8 (N-CH3),
32.1 (C-6), 28.7 (C-5), 22.8/20.5/11.4 (ring-CH3) ppm; Cp3H330;N (371.5); calc.: C 74.36, H 8.94,
N 3.77; found: C 74.07, H 9.20, N 3.78.

Acknowledgements

This work was carried out as a research topic of the Christian-Doppler-Laboratorium fiir Chemie
Chiraler Verbindungen: Chemische Synthese.

References

[1] Noe CR (1982) Chem Ber 115: 1576
[2] Noe CR, Knollmiiller M, Gostl G, Steinbauer BG, Vollenkle H (1986) Chem Ber 119: 729



Stereochemistry of Acetal Formation 289

[3] Noe CR, Knollmiiller M, Ziebarth-Schroth I, Letschnig M (1996) Liebigs Ann Chem 1009; for
reviews of recent developments in the understanding of the anomeric and exo-anomeric effect:
Juaristi E, Cuevas G (1992) Tetrahedron 48: 5019; Thatcher GJR (1993) Anomeric Effect and
Associated Stereoelectronic Effects ACS Symp Ser 539: 6; Deslongchamps P (1993) ibid 26;
Kirby AJ, Williams DH (1993) ibid 55

[4] a) Noe CR (1982) Chem Ber 115: 1591; b) Noe CR, Knollmiiller M, Wagner E, Voéllenkle H
(1985) Chem Ber 118: 1733; ¢) Knollmiiller M, Noe CR, Oberhauser B (1986) Monatsh Chem
117: 407; d) Noe CR, Knollmiiller M, G6stl G, Oberhauser B, Vollenkle H (1987) Angew Chem
99: 467; Angew Chem Int Ed Engl 26: 442; ¢) Noe CR, Knollmiiller M, Miculka C, Dungler K,
Wagner E, Ettmayer P (1994) Chem Ber 127: 887

[5] Lefker BA, Hada WA, McGarry PJ (1994) Tetrahedron Lett 35: 5205 and references therein;
recent examples in the evaluation of new analytical methods for the determination of the absolute
configuration of functionalized alcohols by diastereomer formation: Trujillo M, Morales EQ,
Vazquez JT (1994) J Org Chem 59: 6637; Hammerschmidt F, Li Y-F (1994) Tetrahedron 50:
10253

[6] Juaristi E, Tapia J, Mendez R (1986) Tetrahedron 42: 1253; Juaristi E, Gonzalez EA, Pinto B,
Johnston BD, Nagelkerke R (1989) J Am Chem Soc 111: 6745; Tschierske C, Kohler H, Zaschke
H, Kleinpeter E (1989) Tetrahedron 45: 6987; Krol MC, Huige CJM, Altona C (1990) J Comp
Chem 11: 765

[7] The effects observed in the acetalizations of monosubstituted a-hydroxy carboxamides will be
published in due course: Girreser U, Noe CR, Haberhauer G, Mereiter K (in preparation); for the
synthesis, see: Girreser U, Noe CR (1995) Synthesis 1123

[8] Kinetic and thermodynamic control in lactol acetalisations are incorrectly discussed in Nemoto
H (1994) Tetrahedron Lett 35: 7785

[9] Forcefield calculations were carried out with the cvff-forcefield as incorporated in the InsightIl
(2.3.5)/DISCOVER (2.95) software of BIOSYM Technologies, San Diego. The conformational
space was scanned by enforcing the torsion angles (C2-O,,,-C*-Cy) and (ngg'c*'Cb-Cph(l))
incrementally by 10° and subsequently relaxing the structure. The anomeric angle (Ogq,-C2-
Oexo-C*) was forced to —58° (cf. Ref. [4a]) during the calculations. 1296 conformations were
sampled for each diasteromeric acetal. Calculations were performed on a Silicon Graphics Indigo
2/R4400

[10] Robin MB, Bovey FA, Basch H in Zabicky J (ed) (1970) The Chemistry of Amides. Wiley,
London, pp 1-72

[11] Degerbeck F, Fransson B, Grehn L, Ragnarsson U (1993) J Chem Soc Perkin Trans 12

[12] Autorenkollektiv (1984) Organikum, 15th edn. (1984) VEB Deutscher Verlag der Wissenschaf-
ten, Leipzig, p 500

[13] Bodanszky M, Bodanszky A (1984) The Practice of Peptide Synthesis. Springer, Berlin, p 37

[14] Wolf GR, Miller JG, Day AR (1956) ] Am Chem Soc 78: 4372

[15] Schurig V, Hintzer K, Leyrer U, Mark C, Pitchen P, Kagan HB (1989) J Organomet Chem 370: 81

Received September 12, 1997. Accepted September 17, 1997



