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AT THE BRANCHING POINT

F.W. Lichtenthaler and P. Emig

Institut fiir Organische Chemie
Technische Hochschule Darmstadt

(Received 31 October 1966)

The identification of many branched-chain sugars in antibiotics and bacterial cell walls(z’ 3),

(4)

and C-methyl-inositols in mussel muscles and seaweed’ ° has been followed by the chemical

synthesis of practically all of these natural compounds. Despite this achievement, however,
the assignment of the configuration at the branching-point is still difficult although a number

of methods have been employed. Configurational information can be deduced from the IR~

(5)

frequencies of the OH-group ', kinetics of periodation(ﬁ), chromatographic and electropho-

retic mobility in solvents containing borate buffer(s’ 7) &)

(6) (3,9

, formation
(7-10)

or phenylboronic acid

of cyclic carbonates’ ', degradative studies

(6: 7: 1 1)

, partially stereospecific synthesis

formation of bicyclic hemialdals and from the analogous stereochemical course

(12)

of hydride reduction of an oxosugar and its reaction with Gignard reagents .

In view of the recent application of the nitromethane - dialdehyde cyclization(13)

(14, 15)

to nitro-

ethane which has led to the synthesis of C-methyl-branched aminosugars , nucleosi-

des(ls) and aminocyclanols(l7)

, a convenient method for ascertaining the configuration at
the tertiary carbon-atom was needed, since the methods mentioned above were either too
laborious or not applicable. This communication describes thg evaluation of the NMR-sub-

stituent resonances at the branching point for assignment of configuration.

1. Chemical Shifts of Acetoxy- and Acetamido-Groups in Relation to Their Configuration.

18 -
It has been demonstrated by Lemieux et al. (18 and extended by others(l’ 19-24) that the

NMR-signals of the methyl protons of ring-acetoxy- or ring-acetamido-groups are primarily
dependent on the axial or equatorial orientation of these groups. As a first approximation(zs)
the signals are independent of their relationship to other groups in the molecule. Fig. 1 sum-
marizes the results in deuterochloroform as solvent recorded from the literature(l’ 19-24)
and from systematic investigations in our laboratory. Despite the undoubtedly more power-

ful technique of analyzing the coupling-patterns of the ring protons in sugars and cyclanols,
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2
which due to 100 Mc-spectroscopy and spin decoupling now is possible('s), the signal positions
of acetoxy- and acetamido-resonances (Fig. 1) offer a convenient and in most cases surpri-
singly accurate means for configurational and conformational assignments in the field of su-

gar and cyclanol chemistry.

POLYACETATES CONFORMATION CHEMICAL SHIFTS OF METHYLPROTONS
OF OF ACETYLGROUP OF ACETYLGROUPS
7.75 7.85 7.95 8.05 8.15 8.25
axial 442' : %]
SUGARS - O(I:’CH 3 : :
CYCLANOLS : ;
equat. 202
axial T 8
AMINOSUGARS _NHF.CHf’ :
AMINOCYCLANOLS L
equat. 58
7.80 7.90 8.00 8.10 820 €

FIG. 1 Relationship between chemical shifts of the methyl resonances
of O- and N-acetyl groups and their configuration

2. Chemical Shifts of C(CH )-Acetoxy Groups,

At the tertiary center of branched-chain sugars and cyclanols an NMR-analysis of coupling
patterns is inapplicable for configurational assignments at the branching point. In view of
the empirical relationship between the chemical shift of secondary 0- and N-acetyl-resonan-
ces and their configuration (see Fig, 1), similar relationships would be expected for C(CHS)
0OAc- and C(CH3)NHAc-gr-oups, after the influence of the C-methyl group on the chemical
shift of the acetyl resonances (as compared with a hydrogen atom) has been taken into ac-
count.

From a study of the signal positions of eight C-methyl branched cyclanol acetates in deute~
rochloroform (Table 1), the equatorial C-methyl protons apneared in the region of 8.53 -

8. 637 as compared to 8.43-8, 57T for their epimeric avia: counterparts. Though the signals
from the latter appeared at slightly higher field, the differences in chemical shift are too
small to allow stereochemical conclusions. However, the methyl protons of the acetoxy
group at the branching point (Table 2) show differences of about 0.1 p.p.m. between axial

(7.93-9.047) and equatorial orientation (8. 07-8. 12'5)(27).
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TABLE 1
Chemical Shifts in CDC1,_ of tertiary C-Methyl- and
Acetoxy Groups.
t-OAc t-C-CH

axial equat. axial equat.
0-Acetyl-trans-1, 2-dimethyl-
cyclohexanol-1 8.03 - - 8.53
0-Acetyl-cis-1, 2-dimethyl-
cyclohexanol-1 - 8.07 8.63 -
Di-0-acetyl-1-C-methyl-trans-
cyclohexanediol-1, 2 - 8.07 8.56 -
Di-0-acetyl-1-C-methyl-cis-
cyclohexanediol-1, 2 7.93 - - 8.53
Tri-0-acetyl-2-C-methyl-trans-
cyclohexanetriol-1, 2, 3 - 8.12 8. 58 -
Hexaacetyl-2-C-methyl-epi-inosit 8.04 - - 8.43
1-Methyl-4-t-butyl-cyclohexanol-1
trans - 8.08 8.53 -
cis 8.04 - - 8.57

These ranges are substantiated by only four examples each, but they suffice to conclude that

replacement of a ring hydrogen by a methyl-group causes an upward shift of the acetoxy sig-

nal by about 0.1 p.p.m. (Table 2). On the basis of these results, the configuration at the

branching point can be deduced from the signal position of the acetoxy group attached to the

C-methyl branch of a cyclanol.

TABLE 2

Conformation of
acetoxy group

Absorption range of methyl

protons in CDCl 3*)

0COCH 3 axial

1I equatorial

7.80 - 7.90 (78)

7.88 - 8.03 (202)

OCOCH3 axial
2<C‘H,5 equatorial

7.93 - 8.04 (4)

8.07 - 8.12 (4)

*) number of examples in bracketts
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3. Chemical Shifts of C(CH,)-Acetamido Groups.

A similar study of C-methyl branched aminocyclanols is not possible due to the unavailabi-
lity of any suitable compounds of known configuration. However, from the results obtained
for C(CH3)-acetoxy groups, a similar upward chemical shift of about 0.1 p.p. m. can be con-
cluded for the methyl protons of acetamido groups, when a methyl-group is substituted for
the ring hydrogen. The expected range for axial C-CH3-acetamido groups would thus be
8.07-8.147T as compared to 8.13-8. 22 T for their equatorial counterparts.

Of the seven C-methyl branched aminocyclanol and aminosugar acetates which have been pre-

pared(14-17) (Table 3), and whose configuration at the branching point had not been assigned,

TABLE 3

CHEMICAL SHIFTS IN CDCIs OF TERTIARY C-METHYL AND ACETAMIDO GROUPS

CHEMICAL SHIFTS

ATION
COMPOUND tertCHy  NHAC CONFORMATIO!

OAC
Di-O-acetyl-2-acetamido- on 8.68 8.17
2-C-methyl-cyclohexanediol-1,3 ’ ) o\ a1
CHy
) . G OAe
Di-O-acetyl-2-acetamido-
2-C-methyl-5-phenyl- 8.63 8.19 Hac I
cyclohexanediol-1,3 24 Oac
ac0” N ~oac
Penta-O-acetyl-1-acetamido- 8.57 8.20 m
1-C-methyl-1-deoxy-inositol (/77 AcO SN~ NHAC
CHy
QCHy
1-O-Methyl di-O-acetyl-3- HC
acetamido-3,6-dideoxy-3-C- | ? 8.15 Hy™ 0 jiv4
methyl- a -L-hexcpyranoside AcO, HAS
AcOHC
BL 8.45 8.17 e Y
AcO. NHAC

1-0-Methyl tri-O-acetyl-
3-acetamido-3-deoxy-3-C-

(-
methyl- @ -L-hexopyranoside Aco\SH04c
aD | 853 8.17 AcHN b
CHg
1-(Tri-O-acetyl-3"-acetamido- AN Z\ro
3'-deoxy-3'-C-methyl- 8- Ve 8.50 8.15 I
-D-hexopyranosyl)-uracil AcHN N\ﬂ/NH
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the acetamido-signals appear within the very small range of 0.05 p. p. m. This proves their
identical stereo-chemical orientation and, on the basis of their chemical shifts (8.15-8.207)
strongly indicates an equatorial acetamido group in each case, allowing the configurational

assignments at the branching point for compounds I-VII as indicated in Table 3.

Since all compounds (I-VII) were prepared by cyclization of a dialdehyde with nitroethane(m_”),

it can be concluded that the stereochemical course of the nitroethane cyclization proceeds in
an analogous fashion to the dialdehyde-nitromethane cyclization, the nitro group preferen-

tially if not exclusively attaining the equatorial position in the cyclization step.
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