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ABSTRACT

The conformations of eight acylated 1,1-bis(acylamido)-1-deoxypentitols in
solution have been studied by pulse, Fourier-transform, p.m.r. spectroscopy at
90 MHz. The arabino and lyxo derivatives adopt the zigzag conforraation, whereas
the ribo and xylo derivatives favor different sickle conformations. The validity of the
conformational assignments of these derivatives by the p.m.r. method is discussed.
The relative merits and accuracy of the continuous-wave and pulse-Fourier p.m.r.
spectroscopic methods in the conformational analysis of carbohydrates are appraised,
and the applicability of the exponential-filtering technique to enhancement of either
the sensitivity or the resolution of their spectra is demonstrated.

INTRODUCTION

Investigations of solutions of (polyhydroxyalkyl)quinoxaline derivatives®:2,
acetylated® and nonacetylated* glyculose arylosotriazoles, polyacetoxy-zrans-1-
nitro-1-alkenes>, acetylated alditols®, diethyl” and diphenyl® dithioacetal, dimethyl
acetal®, and aldehydo'® derivatives of aldoses, pentononitriles!!*12, (polyhydroxy-
alkyl)-thioamides and -thiazoles'2, methyl 5-hexulosonates and kero-hexuloses'?,
and unsubstituted aldose diethyl and diphenyl dithioacetals** by continuous-wave,
p.m.r. spectroscopy have shown that these derivatives usually favor a conformation
that has the carbon atoms of the sugar chain in a planar, zigzag arrangement, unless
this conformation contains an eclipsed, 1,3-interaction between substituent oxygen
atoms. Relief of this steric interaction, which is generally assumed to be repulsive,
normally occurs by distortion of the zigzag conformation to a sickle conformation in
which one of the carbon atoms of the chain lies outside the plane containing the rest

of the carbon atoms in the chain. .

*PDedicated to Dr. Horace S. Isbell, in honor of his 75th birthday.
**Present address: Harvard Medical School, Boston, Massachusetts 02115, U. S. A.
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For crystalline alditols, similar results have been obtained by X-ray crystallo-
graphy !5, although the observation of a planar, zigzag form for anhydrous'® and
hydrated!7? p-gluconate ion in the solid state is an exception to the general rule and
has been explained” in terms of an intramolecular hydrogen-bond between O-2 and
0-4, The p.m.r. interpretations for p-lyxononitrile tetraacetate are unexpected, in
that they are apparently consistent with either a nonstaggered, sickle conformation or
a fully staggered “U”-shaped conformation'!, despite the fact that the zigzag
conformation thereof cannot have a 1,3-interaction of oxygen atoms.

Current interest in the conformations of acyclic carbohydrate derivatives and
in the factors that determine these conformations prompted us to examine a complete
series of peracetylated 1,1-bis(benzamido)-1-deoxypentitols and some related deri-
vatives by Fourier-transform, p.m.r. spectroscopy at 90 MHz, with the objectives of
(@) determining the effect of the relatively large acylamido substituents on the
conformations assumed by the pentitol derivatives, (b) establishing the relative merits
of the pulse, Fourier-transform and continuous-wave techniques for determination
of conformations, and (c) ascertaining whether the p.m.r. method provides a unique,
conformational solution for these derivatives.

One of us, with coworkers, has previously studied the structures of a large
series of both cyclic and acyclic 1,1-bis(acylamido)-1-deoxy derivatives of sugars and
alditols by means of infrared spectroscopy!®.

SCOPE OF THE WORK

The following derivatives were studied: tetra-O-acetyl-1,1-bis(benzamido)-
1-deoxy-L-arabinitol!® (1), tri-O-acetyl-1,1-bis(benzamido)-5-0-benzoyl-1-deoxy-D-
arabinitol?? (2), 1,1-bis(benzamido)-tetra- O-benzoyl-1-deoxy-p-arabinitol*® (3), 1,1-
bis(acetamido)-tetra- O-acetyl-1-deoxy-L-arabinitol21* (4), tetra-O-acetyl-1,1-bis(ben-
zamido)-1-deoxy-D-lyxitol?2 (5), tri- O-acetyl-1,1-bis(benzamido)-5- O-benzoyl-1-
deoxy-D-lyxitol2° (6), tetra-0O-acetyl-1,1-bis(benzamido)-1-deoxy-D-ribitol*® (7), and
tetra- O-acetyl-1,1-bis(benzamido)-1-deoxy-p-xylitol 17 (8).

R’NH?NHR' R'NHE‘NHR' BzNHENHBz BZNHgNHBz BzNHgNHBz
HTOR ROCH AcOCH HCOAc HCOAc
ROCH HCOR AcOCH HCOAC ACOCH
ROCH ~ HCOR HCOAc HCOAC HCOAC
CHOR CH,OR* CHOR CH,OAC CH,0AC
1R=Ac;R'= Bz 2R=Ac;R:= B2 5 R= Ac 7 7 8
,

4 R=R=Ac 3R= R =82 6 R= Bz

RESULTS AND DISCUSSION

© P.m.r. spectroscopy. — Compounds 1, 3, 7, and 8 constitute a complete series
of tetra-O-acetyl-1,1-bis(benzamido)-1-deoxypentitols, and derivatives of this type
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were found generally to yield the best-resolved p.m.r. spectra at 90 MHz, parti-
cularly when the derivatives were examined-as their solutions in pyridine-ds—hexa-
fluorobenzere. The pulse, Fourier-transform technique rapidly provides spectra of
excellent signal:noise ratio, even from relatively small quantities of material?3:24,
and the associated computer equipment allows automatic measurements of line
frequencies and chemical shifts in p.p.m. from tetramethylsilane (see Table I).
Exchange of the NH protons of the bis(acylamido) derivatives with deuterium
was not achieved by mere shaking or ultrasonic mixing of the solutions of the deri-
vatives with deuterium oxide; catalysis of the exchange process by the addition of a
drop of pyridine-ds; was found necessary. However, even in pure pyridine-ds, proton
exchange was insufficiently rapid to remove the effects of spin coupling between H-1
and the NH and NH’ protons. The NH and NH’ signals therefore appeared as
doublets at low field that disappeared on deuterium exchange (see, for example,
Fig. 1b). These doublets were ~2 p.p.m. to lower field for solutions that contained

Ar Ac

(a) AcO 7 p: NHBz
H AcO CAcH
Ar L-arablno
NH NH’ . #2 H3H-4 -H-5H-5

HOD

WA dack.

L-srabino

Fig. 1. Fourier-transform, p.m.r. spectra at 90 MHz: (a) tetra-O-acetyl-1,1-bis(benzamido)-1-deoxy-
L-arabinitol (f) in 4:1 (v/v) pyridine-ds—hexafluorobenzene, and (5) the N,N ‘-dideuterated derivative
(1-d.) in 12:5:3 (v/v) pyridine-ds—deuterium oxide-hexafiuorobenzene.
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TABLE 1

PROTON CHEMICAL-SHIFTS® OF ACYLATED 1,1-BIS(ACYLAMIDO)-1-DEOXYPENTITCLS

B. COXON, R. 5. TIPSON, M. ALEXAWDER, 7. O. DEFERRARI

Compound Configuration " Solvent® H-1 H-2' H-3 _
1. arabine CsDsN~CsFs 641  668g 682qg
4:1) :
1-d,* arabino C,DsN—DZO—CSFG 6.77d 6.48q 6.05q
: (12:5:3)
2 arabino CsDsN-CxFg 6.46q 6.73q 6.16q
{4:1)
2-d,° arabino CsDsN-D.O-CsFg¢ 6.77d 6.57q 6.20g
o (12:4:3)
3 arabino CsDsN-CgFg 6.68g ~7.37 6.82q
4:1
E:D)Cl;pCst—CsD,N—CGFs 6.27q ~6.98" 6.51qg
(4:4:2:1)
CDCl13;~CsFs ~595q" 6.89d4 6.27d
4:1)
4 arabino CDCls~CsFs 5.157 590q 5.43q
9:1
2:5135N—CGF5 6.09 q! 6.26 q’ 5.89q
“:1
4-d,° arabino CsDsN-CgFs~D20O 6.30d 6.07q 5.88q
(20:5:3)
S5 lyxo CD;3;COCD;—-CgFg 6.55q 5.68q 5.46qf
4:1
ESSI%SN—CsFG 6.850 6.24q 5.86qf
4:1)
5.d,° Iyxo CsDsN-D,0-CsFs 7.13d 6.15q 5.787 ‘
“4:1:D
6 lyxo CsDsN-CsFg 6.940 6.33gq 5.98m”
4:1
EJGI;G—CD_,.COCDs—CSFs 6.62q 599q 5.64q :
(11:4:1) .
7 ribo C5D5N—C5F5 6.76(1 6-37q 5.93q
4:1
(CDzils—Me.,Si 6.07¢%f 5.89gf 5.48q*
(8:1)
8 xylo CsDsN-Me,Si 6.49q? 6.29q 6.21qg
8:1
(CslgsN—Cst 6.45q 6.72q 6.15(1
41D
8-d,* xylo CsDsN-D,0-CsFg 6.79d 6.49q 6.11g
(12:5:3) :
CDCl-D,0-Me,Si 5.86d¢ 6.33q 5.72q ¢
(8:8:1) E

ki
f

“First-order values (), in p.p.m., from internal tetramethylsilane, calculated from the shifts computed for
individual peak maxima in the Fourler-transform spectra, unless indicated otherwise. ?All solvent pro-
portions are v/v. ‘H-5 and NH are to low field of H-5" and NH’, respectively. Signal multiplicities are
indicated by d (doublet), m (multiplet), o (octet), q (quartet), s (sextet), and sp (septet). °N,N ‘-Dideuterated}
“Incompletely resolved. *Measured manualfy from spectra recorded in the continuous-wave mode thlf
ﬁeld-frequency stabilization on the pmton signai of infernai tetramethyisifane.

Yt R
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-  H4 HS “H-5" NH NH "~ Ac Ar
T 548sp 4diq 4.13q 10.12d 9.61d 2.06, 2.02 8.07m
1.97, 1.88 7.33m
5.59mf 4.49q 4.25q — —_ 2.35, 2.20 8.14m
2.14, 2.05 7.50m
5.62sp 4.78q 4.30q 10.17d 9.60d 2.07, 2.04 8.06m
1.97 7.36m
5.73m’ 4.85q 4.44q — —_— 2.33, 2.15(%x2) 8.11m
7.48m
6.21sp 5.08q 4.70q 10.65d4 9.64d — 8.00m
7.30m
5.96sp 4.84q 4.48q 10.02d 8.74d — 7.99m, 7.67m
7.20m
591m’ 4.84q 4.53q ~38.0 7.37 — 8.0-7.3m
5.137  4.25q 4.05q 7.06d 6.91d 2.17, 2.09, 2.07(x 2), 1.99, —
1.94
5.42sp 4.42q 4.15q 9.49d 931d 2.01(x%3), 1.98 —
1.94(x%2)
5.45m’ 4.46q 4.21q — —- 2.22, 2.20, 2.12, 2.10(% 2), —
2.08
543m" 4.34q 3.91q 8.25d 8.06d 2.16, 2.08 7.84m
2.05, 1.94 7.49m
5.76m’ 4.56q 4.15q 9.58d 9.16d 2.03, 2.01 8.00m
2.00, 1.91 7.32m
~5.7" 4.54q 4.12q — —_— 2.24,2.20 8.08m
2.03, 1.95 7.34m
~59mS 4.76q 4.52q 9.62d 9.23d 2.07, 2.05(%x2) 8.04m
7.34m
5.80sp 4.56q 4.34q —r — 1.98, 1.96 7.97m
1.86 7.20m
572s 4.61q 4.32q 9.70d 9.27d 2.12, 2.01 8.06m
1.95, 1.91 7.37m
T 5.36s7 4.39q 4.12q 8.11d —F 2.11, 2.07 7.79m
; 1.99(%2) 7.39m
T 5.76sp 4.60q 4.23q 10.18d 9.61d 2.14, 2.01 8.11m
: 2.08, 1.90 7.38m
T 57lo0 4.58q 4.22q 10.08d 9.45d 2.04, 2.01(x2) 8.05m
X 1.86 7.33m
! 5810 4.68q 4.33q — — 2.28, 2.20 8.12m
: 2.18, 2.03 7.46m
. 527sp 44lgq 4.03q —_ — 2.05, 2.02(x2) 7.79m
; 1.87 7.33m
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pyridine-ds, than for solutions in chloroform-d (see Table I), thus indicating that
hydrogen bonding between the NH and NH' protons and the nitrogen atom of the
pyridine-ds molecule is favored more than that between these protons and the
n-electron cloud?? of the pyridine-ds ring. The downfield shift of the anisochronous
NH and NH' signals in pyridine-ds solutions was a useful means for separation of
these signals from those of the benzoyl protons.

arabino Derivatives 1-4. — The spectrum (see Fig. 1a) of a solution of the bis-
(benzamido) derivative 1 in 4:1 (v/v) pyridine-ds—hexafluorobenzene is typical of this
series of derivatives. On deuterium exchange of the NH and NH- protons of 1 to give
1-d,, the quartet due to H-1 of 1 (see Fig. 1a) simplifies to a doublet in the spectrum of
1-d,, and simultaneously changes place with the H-2 quartet (see Fig. 15). This
interesting, chemical-shift effect caused by addition of deuterium oxide to solutions in
pyridine-ds-hexafluorobenzene is common to derivatives 1, 2, and 4. [Compound 3
does not fall into this general pattern, because of the strong, deshielding effect
(on H-2) of the benzoyloxy substituent at C-2. For solutions in a solvent mixture
containing pyridine-d;, this effect is sufficient to cause the H-2 signal to move down-
field into the spectral region of the meta and para protons of the phenyl ring (see
Table I)].

Solutions of derivatives 1-4 and their &,N’-dideuterated analogs in a variety of
solvents display values of coupling constants (see Table II) in the ranges J, , 7.9-10.4,
Jo3 ~0.62.6, J3 47992, J, 52434, J,549-6.1,J5 5. 12.2-12.5, J; yu 7.3-8.5,
and Jy ny- 6.7-8.5 Hz. On the basis that values of vicinal, proton—proton, coupling
constants of <4 Hz correspond to protons having the gauche orientation, and that
values of >7 Hz correspond principally to the frans orientation, the values for the
arabino derivatives 1-4 are consistent with either the zigzag conformation or a sickle
conformer in which atom 1 is exoplanar (for example, 1a and 1b, respectively), but
not with other sickle conformations, each of which contains a 1,3-interaction, either
between two oxygen atoms, or between an oxygen atom and a carbon atom. Con-
former 1b also contains a 1,3-interaction, between O-2 and O-4, and, therefore, this

H H AcO H H NHBz
AN \ AN
\ \

AcO K 7 NHBZ

£

i ’
H AcO OAc H

Ta
L—-ARABINO 1b

L- ARABINO
Vas 31 U392 J,518 J,,98

Jus 55 (HzJ

conformer can, presumably, be regarded as unimportant. For compounds 14, the
intermediate magnitudes of the values of J, s. indicate either that there is some
distortion of the bonds about C-4 and C-5 away from a fully staggered arrangement,
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or that there is a contribution from one or more of the other two rotamers in which
H-4 and H-5 have the gauche orientation.

lyxo Derivatives S and 6. — The p-Iyxo derivatives 8 and 6 showed the coupling
constants J; , 3.1-4.6, J, ;3 8.2-9.2, J3 4 1.8-3.1, J, 5 4043, J, 5. 7.3, J5 5. 11.6—
11.7, Jy nu 6.7-7.3, and J; ny- 8.5-9.8 Hz (see Table II); these are consistent with
cither the zigzag conformation 5a or the sickle conformation 5b, but not with the
three alternative sickle conformations in which either C-1 or C-5 is exoplanar. Each
of these four sickle conformations contains a 1,3-interaction, and, presumably, they
are disfavored in comparison with the zigzag conformation 5a, which does not
contain this interaction. As J, ;5. is large, the contributions of rotamers about the
C-4-C-5 bond (other than that present in the zigzag conformation 5a) appear to be
small.

S5a
o-LYXO S5b

Jas A3 Jz 433 le382 Jyp31-46

J4-5. 7.3 (HZ)

The H-! signals of § and 6 in solution in pyridine-d;—hexafluorobenzene are
~0.6 p.p.m. to low field of their H-2 signals (see, for example, the spectrum of 5 in
Fig. 2), in contrast to the reversal of the positions of these signals mentioned already
for the arabino derivatives 1, 2, and 4 (see Fig. 1a). For derivatives having the same
substituents at C-1, C-2, and C-3, this difference between the arabino and Iyxo
derivatives in solution in pyridine-d;~hexafluorobenzene may be due to deshielding of
H-1 of the Iyxo derivatives by the frans-coplanar oxygen-atom at C-2 of the zigzag
conformation (for example, Sa), and to the fact that H-2 is frans-coplanar to an
oxygen atom (O-3) in the arabino zigzag conformation (1a) but trans-coplanar to a
less electronegative nitrogen atom in the Iyxo zigzag conformation (5a), with the
result that there is less deshielding of the H-2 nuclei of the Iyxo derivatives?%. How-
ever, from the results shown in Table 1, it is apparent that the effects of configuration on
the chemical shifts of the 1,1-bis(acylamido) derivatives are readily dominated by the
influence of the solvent. For example, in pyridine-ds—tetramethylsilane solution, the
xylo derivative 8 displays its H-1 signal at lower field than that of H-2, but at higher
field in pyridine-ds—hexafluorobenzene solution (see Table I).

ribo Derivative 7. — Compound 7 displays the coupling constants J, , 7.0-7.8,
J2,5 3446, J3 4 53-6.1, J, 5 2.6-3.1, Jy 5 5.5-5.6, J5 5. 12.1-12.3, J; g 7.3-7.9,
and J; ny- 7.9-8.5 Hz (see Table II); these values are consistznt with a preponderance
of either the conformation 7a or 7b, but not with the zigzag conformation, or with the
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TABLE 11
_COUPLING CONSTANTS‘ (z) OF ACYLATED 1 I-BIS(ACYLAMIDO) I-DEOXYPENTITOI.S
Compaund Conﬁgumtmn' = "'.S_'oluemb A k P Yoz
1 arabino CstN—CGFG 9.8 1.8
, : “:1) ) o
1-d,? arabino. C5D5N—D20—C6F5 9.4 2.1
S o a2s3) - . ‘_
2 arabino C,DsN-Cst .{ 9.5 1.7
S ' “@:1) - : ’
2-d,¢ arabino CsD SN-—D20—C5F5 9.2 1.8
S ) (12:4:3) - : ’ : T
3 “arabino CsDsN-CsFs ~8.5 1.5
@D . :
CDCl3—C5D¢,—C5D5N—C5F5 ' 9.8 : . ‘1.5
(4:4:2:1)-
CDCl,-CsFg 104 ' ~A0.6
) 4:1) ’ o
4 ‘arabino CDCIl3-CsF, 8.2 1.8
©:1) - : -
CsDsN-CgFg - 7.9 24
4:1) S
4‘dzd afdbino VC5D5N—C§F6—D20 . -8.3 ’ N k 2.6
(20:5:3) ’ :
5 Iyxo CD3COCD3—C5F6 31 7 ‘ 8.5
: :1) ‘
CsDN-CsFs 4.6 8.2
- “4:1) ) :
S'dzd‘ Iyxo 7C5D5N—D20—_C5F5 3.7 . 9.2 .
B T (4:1:1) ) ‘
- 6 Iyxo CstN—Cst 4.3 8.5
@1y : o S
C5D5—CD3COCD3—‘C5.. 5 3.7 8.7
, (11:4:1) -
7 ribo CsDsN-CsFg 7.0 4.6
“4:1) i B
"CDCl13;-Me,Si 7.8 34
@8:1) .. o - o
8 X}’IO CstNfMe4Si - 8.9Y 2.2
' @&n L o
C5D5N-C5F5 - 9.2 - R 24 .
@D . o L
s-dzd . xon . ‘C5D5V—D20—CGF5 8.3 : ) 2.9 h
o 2:5:2) B
:CDC13—D20—Me481 8.3‘r A 1.7
(8:8:1) '

"Fu'st-order values calculated from the. frequencxes computed for mdxvxdua] ‘peak: maxuna in the. Founer-
tra.nsform spectra, unless mdxcate?i other\mse. ,”All solvent proporhons are: ‘v/v. ¢H-5 and NH are- ‘to_low
ﬁeld of H-S' and NH ’ mpecuvely. ."N N ’-Dxdeuterated ‘Incompxetely resolved. / Mea.sured ma.nua.lly from
spectra recorded in the contirivous:wave mode with’ ﬁeld-frequency stabilization”on the proton signal of
iriternal: tetramethylsﬂa.ne.
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Vil bt

Js,4 Ja.s Y45 Js,50 Ji.nu Fy.nur
9.2 3.1 5.5 122 7.9 7.3
89 2.7 6.1 124 — —
9.2 24 5.8 12.4 8.5 7.3
9.2 2.4 5.2 12.4 — —
: 8.2 3.1 5.2 124 7.3 8.5
8.2 3.4 5.2 125 7.3 8.5
7.9 3.1 49 12.5 —e —-
; 9.2 3.1 49 12.5 7.9 7.9
8.5 3.1 5.8 12.4 7.9 6.7
8.2 31 5.5 12.2 — —
~1.8 4.3 7.3 11.6 6.7 9.8
‘ 3.1 4.3 7.3 11.6 73 9.2
; ~1.8 4.0 7.3 11.7 — —
—e 4.3 7.3 11.6 73 8.5
:; 2.1 4.3 7.3 11.6 —e —e
4 6.1 3.1 5.5 12.1 7.3 8.5
! 5.3 2.6 5.6 12.3 79 7.9
7.3 3.1 6.1 12.4 7.5 7.8
7.9 3.1 5.8 12.4 7.9 79
7.0 3.4 6.1 12.4 — -
§ 9.0 2.7 5.1 12.7 — —
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Ac Mo,Si

NH NH’ H1 H2 H-4  H-5 H-5
H-3

o U _.F

Fig. 2. Fourier-transform, p.m.r. spectrum of tetra-O-acetyl-1,1-bis(benzamido)-1-deoxy-p-lyxitol
(5) in 4:1 (v/v) pyridine-ds—hexafluorobenzene at 90 MHz.

alternative sickle conformations that have C-5 exoplanar and contain a 1,3-inter-
action. Conformation 7b also contains a 1,3-interaction, between C-1 and O-4, and
hence, conformation 7a is favored. The diminished magnitude of J; 4 and J, 5.
(see Table II) suggests (@) contributions from rotamers in which H-3 and H-4, and
H 4 and H-5’, have gauche orientations, or (b) the presence of distortions of the
relevant proton-—proton dihedral angles away from 180°.

AcQ AcO

7a
o-RIBO 7b

a5 31 J3461 4y 548 0,70
J45'85 (H1)

Although H-1 of 7 resonates at lower field than H-2 by 0.2-0.4 p.p.m. (see
Table I and Fig. 3a), in the favored conformation 7a, H-1 is not in a trans-coplanar
relationship to an electronegative substituent, as is H-2. The position of the H-1
signal at lower field may possibly be due to the proxxmlty of H-1 to the three atoms
H-4, C-4, and O-3 in conformation 7a.
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Ae

Me‘SI

NHNH  Ar Ar H2 H-4 H-5H-5

H-1 H:3

(b) RESOLUTION ENHANCEMENT
T, 01 SEC

() SENSITIVITY ENHANCEMENT
T, -0.05 SEC

-

Fig. 3. Fourier-transform, p.m.r. spectra (256 scans) of tetra-O-acetyl-1,1-bis(benzamido)-1-deoxy-
p-ribitol (7) in 4:1 (v/v) pyridine-ds~hexafluorobenzene at 90 MHz: (a@) direct transform of free-
induction decay (f.i.d.) signal, (b)) enhancement of resolution by exponential filtering of the f.i.d.
signal by using a time-constant 773 0.1 sec, and (¢) enhancement of sensitivity by exponential filtering

by using 7> —0.05 sec.

One advantage of the pulse Fourier-transform method and its associated
equipment is that mathematical, convolution techniques may be applied to improve
the quality of the spectra, by enhancement either of resolution or sensitivity27-28,
Such enhancement is particularly easy to achieve, because the Fourier transform of the
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frequency spectrum is already available in the form of the free-induction decay
-(fi.d.) signal that is observed following the termination of the pulse. Thus, the
convolution is performed by first multiplying the f.i.d. point-by-point with a suitable
filtering function, and then taking the Fourier transform of the product in order to
obtain the improved frequency-spectrum. The resuit of convolution with an increasing,
exponential function is enhancement of resolution at the expense of sensitivity, so that
most of the multiplets are now split to the baseline, but the signal:noise ratio of the
spectrum is degraded (see Fig. 35). Convolution with a decreasing, exponential
function affords enhancement of sensitivity at the expense of resolution (see Fig. 3¢).
xylo Derivative 8. — Derivatives 8 and 8-d, showed the coupling constants
Ji,2 8.3-92, J, 3 1.7-29, J3 , 7.0-9.0, J; s 2.7-34, J, 5. 5.1-6.1, J5 5. 12.4-12.7,
Jy,nn 7.5-7.9, and Jy np- 7.8-7.9 (see Table II); these values are consistent only with
the sickle conformation 8a, in which H-1 and H-2, H-3 and H-4, and H-4 and H-5’
have the frans orientation, and H-2 and H-3, and H-4 and H-5, the gauche orientation.
Again, the diminished magnitude of J, 5. indicates that the rotameric state about the
C-4-C-5 bond (depicted in formula 8a) is either distorted, or is in equilibrium with
one or more other rotamers in which H-4 and H-5' have the gauche orientation.

J“_5 31 J3‘ 4 7.9 J2,3 2.4 J1.2 Q2

Jysr 58 (HD)

Acq H H NHBz

AcO

8a
D-XYLO

In conformation 8a, H-1 is frams-coplanar to H-2 (and, hence, not to an
electronegative substituent), but H-2 is frans-coplanar to O-3 and also has a 1,3-gauche
orientation to C-5 and its attached hydrogen atoms. These deshielding contributions
evidently cause the quartet due to H-2 to appear downfield of that due to H-1 in the
spectrum (see Fig. 4a) of 8 in pyridine-d;—hexafluorobenzene solution. However, the
addition of deuterium oxide to this solution was sufficient to reverse the order of
chemical shifts for H~1"and H-2 (see Fig. 45), as had also been found for the arabino
derivatives 1, 2, and 4 (see, for example, Fig. 1). The presence of the H-1 signal of the
xylo derivative 8 at higher field than that of the H-2 signal (for the solution in
chloroform-d-deuterium oxide-tetramethylsilane) suggests that the opposite order of
these shifts that was observed for solutions in pyridine-ds;—hexafluorobenzene, and
the reversal on addition of deuterium oxide (see Table I) does not depend merely on
the direct solvent-effect of the deuterium oxide. The effect may be due to displacement
of the hexafluorobenzene from a collision complex or hydrogen-bonding site that
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causes shielding of H-1 by virtue of a particular, favored orientation of the hexa-
fluorobenzene molecule. It seems sterically feasible for adjacent fluorine atoms of a
hexafluorobenzene molecule to form hydrogen bonds simultaneously with the NH
and NH’ protons of 1-8, and this interaction (which would be expected to be weak)
would probably be broken down by addition of a stronger hydrogen-bondirg
molecule, such as deuterium oxide. Howevcr, the effects of solvent on the chemical
shifts shown in Table I are complex, and at present it is difficult to provide a unified
rationalization of these effects for the different configurations of the pentitol
derivatives.

D-xylo

~ HOD

H-1H-2

A -

Fig. 4. Fourier-transform, p.m.r. spectra at 90 MHz: (@) tetra-O-acetyl-1,1-bis(benzamido)-1-deoxy-
p-xylitol (8) in 4:1 (v/v) pyridine-ds-hexafluorobenzene, and (b) the N,N’-dideuterated derivative
(8-d>) in 12:5:3 (v/v) pyridine-ds—deuterium oxide-hexafluorobenzene.

The conformational results for the 1,1-bis(acylamido) derivatives 1-8 are in
general agreement with those for other types of acyclic pentose derivatives'~, Thus,
derivatives having the arabino and Ilyxo configurations tend to favor the zigzag
conformation (which contains no 1,3-interactions), whereas derivatives having the
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ribo and xylo configurations adopt a sickle conformation that affords relief of the
1,3-interactions that are present in the zigzag conformers having these configurations.
However, the particular sickle form adopted depends on the substituents that are
present in the alditol derivative. For example, the vicinal, proton—proton, coupling
constants of tetra-O-acetyl-D-ribose diethyl” and diphenyl® dithioacetals have been
interpreted in favor of a sickle form in which C-5 is exoplanar, whereas tetra-O-
acetyl-D-ribose dimethyl acetal® and tetra-O-acetyl-1,1-bis(benzamido)-1-deoxy-
p-ribitol (7) favor conformer 7a, in which C-1 is exoplanar. A semi-quantitative
treatment of these differences in conformation that is based on additivity of 1,2-gauche
interactions and of 1,3-interactions that could be approximated as conformational
free-energies (A-values) of the substituents does not appear to be justified at the
present time, as the methoxyl and phenylthio groups, for example, possess very
similar 4-values?®,

It may be seen that, for compounds 1-8, the method of p.m.r. spectroscopy
provides a unique, conformational solution only for the derivative that has the xylo
configuration. For derivatives having the arabino, lyxo, and ribo configurations, there
are alternative conformations (1b, Sb, and 7b, respectively) that are also consistent
with the coupling constants. The possibility exists that the coupling constants
cobserved might be averaged values resulting from an equilibrium between the two
conformations that are consistent with these coupling constants. However, few
conformational equilibria of carbohydrate derivatives have been documented thus
far*#c, and only a relatively small difference in the free energies of two conformations
(for example, due to the presence of a 1,3-interaction) would be sufficient to cause one
of these conformations to preponderate. These limitations also apply to previous
investigations on acyclic-sugar conformations, although they have not always been
given sufficient emphasis. In order that a definite conformational assignment may be
made, it is necessary to make the slightly speculative assertion that, because the 1,3-
interaction is important in determining the relative stabilities of some conformers
(as judged by the incompatibility of the coupling constants of some derivatives with
those for the zigzag conformer), this interaction must be important in controlling the
relative stabilities of all of the conformers that may be considered.

Although the pulse, Fourier-transform technique is extremely useful, and
perhaps even mandatory, for recording the n.m.r. spectra of small samples, the use of
a signal-averaging computer of small memory-size (4,096 words in the present work)
limits the accuracy of the results. In order to obtain complete p.m.r. spectra of
derivatives 1-8, it was necessary to sample a frequency range of at least 960 Hz
[which corresponds to the maximum chemical shift observed, namely, that of the
NH proton of 3 (see Table I)]. However, the frequency ranges available in the pulse,
Fourijer-transform mode are restricted by the sampling rates (possibly fixed) that are
available.in the digitizer. A sampling rate of 2.5 kHz was used, giving a frequency
range of 1.25 kHz, as at least two points per cycle are required in order to define the
frequency of a sine wave. For signal averaging in the continuous-wave mode, all of
the memory of the signal-averaging computer is available for storage of the frequency
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spectrum. However, in the digital Fourier-transform mode, the frequency resolution
available is smaller, by a factor of 0.5, than that in the continuous-wave mode, because
digital, Fourier transformation of N (= 4,096) points in the time domain yields only
N/2 (= 2,048) points in the frequency domain?’. Hence, the resolution of the Fourier-
transform, p.m.r. spectra of 1-8 was restricted to 1,250/2,048 = 0.6 Hz, and so the
values of the line frequencies are quantized at multiples of 0.6 Hz.

The precision (readability) of the line frequencies measured is +0.3 Hz if this
precision is assumed to be limited only by the size of the computer memory used to
store the transformed spectra. From a pessimistic point of view, the precision of
chemical shifts and coupling constants, calculated as differences in the frequencies
measured for two lines, is +0.6 Hz; but the precision is likely to be better than this,
because these line frequencies are not totally independent (in the sense that drifts in
the frequencies of the oscillators in the spectrometer will probatly cause the errors
in the frequencies of each pair of lines to have the same sign; that is, the line fre-
quencies will drift in the same direction). A precision of + 0.6 Hz is entirely adequate
for most measurements of chemical shifts, because +0.6 Hz is equivalent to only
0.007 p.p.m. at 90 MHz. However, for coupling constants, a precision of +0.6 Hz, or
even of +0.3 Hz, is appreciably poorer than can be achieved by means of the con-
tinuous-wave method with use of a single, analog can (the use of digital signal-
averaging in the continuous-wave mode tends to suffer from the same defect, albeit
it is less by a factor of 0.5).

Increased accuracy of the line frequencies may be achieved by sampling (@) the
f.i.d. signal for a longer time by use of a larger signal-averaging computer, or (b) a
smaller frequency-range by means of a lower sampling-rate. In the latter method, the
absence of an analog frequency-filter prior to the digitizer causes resonances lying
outside the diminished frequency-range to be “folded back” into this range, and, in a
complex spectrum, this can result in unacceptable confusion. However, the use of
analog filters to restrict the frequency range digitized is somewhat inconvenient (as
compared with the rapid switching of sweep widths in the continuous-wave mode)
if the phase shifts produced by the filter can only be corrected relatively slowly by the
computer system at hand. Analog filters also have the disadvantage of a nonlinear
frequency-response.

For conformational analysis of 1-8 according to the criteria already discussed,
a precision of 0.3 Hz, or even +0.6 Hz, for the values of the coupling constants is
quite adequate, but it is less so, if quantitative analysis of the coupling constants in
terms of populations of conformers!? is to be attempted ; this approach has recently®+°
been criticized.

The coupling constants of the 1,1-bis(acylamido) derivatives (see Table II) are
not greatly affected by changing the solvent, and it is concluded that, despite the
obvious involvement of pyridine-d; in hydrogen bonding with the NH and NH'’
protons, the conformational populations of these derivatives show little dependence

on the solvent present.
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EXPERIMENTAL

General. — Derivatives 1-8 were prepared as previously described!9—22,
Fourier-transform, p.m.r. spectra were recorded at 20 MHz and 31° with a Bruker
Scientific n.m.r. spectrometer* model HFX-11 that was equipped with a pulse
amplifier (model B-SV-2P) and internal, heteronuclear, field frequency stabilization®?
on the '°F signal of hexafiuorobenzene at 84.7 MHz.

Solutions of the pentitol derivatives (9—116 mg) in a solvent mixture (0.35-
1.2 mil) that contained hexafiuorobenzene (see Tables I and II) were excited in the
crossed-coil mode with 16 to 16,384 pulses of 40-usec width.

The free-induction decay (f.i.d.) signal was averaged in 2,048 channels of a
Fabritek instrument computer, model 1074, having a nine-bit digitizer. The averaged
f.id. signal plus 2,048 zero data-points (zero-filling?3:3°) was then transformed
(100 sec) in a Digital Equipment Corporation computer, model PDP8E (equipped
with wired multiplication and division), that was also programmed to type the
frequencies (Hz from the pulse frequency) and chemical shifts (p.p.m. from internal
tetramethylisilane) of peak maxima within the spectral width of 1,250 Hz defined by
the fii.d. sampling rate of 2.5 kHz.

Enhancement of sensitivity or resolution. — Enhancement of signal:noise ratio
additional to that provided by the pulse, Fourier-transform method was obtained by
computerized, digital filtering of the f.i.d. signal before transformation. For com-
pound 7, this was achieved by point-by-point multiplication of its fi.d. signal
[A(ndr)] by the decreasing function, exp (—ndt/T,), where 8¢ was the time interval
between datum points, # was the data-stepping index which took values from 0 to
2,047, and the time-constant, 7, was adjusted to 0.05 sec by trial-and-error appli-
cation of the exponential filtering. Conversely, enhancement of resolution at the
expense of sensitivity was achieved, for 7, by multiplication of its f.i.d. signal by the
increasing function, exp (1n6¢/T5), by using T, = 0.1 sec.

Spectral assignments. — The addition of deuterium oxide (0.12-0.16 ml) and
pyridine-d; (0.04 ml, if not already present in the solvent mixture used) to the solu-
tions of the pentitol derivatives caused the disappearance of two doublets at low
field; these, therefore, were assigned to the (nonequivalent) NH and NH’. The use of
smaller volumes of deuterium oxide resulted in incomplete exchange of these protons.
Dilution of solutions in pyridine-ds-hexafluorobenzene with deuterium oxide some-
times caused the separation of an underlayer of hexafluorobenzene; this was usually
removed from the n.m.r. sample tube, as the under-layer generated a fluorine signal
having a chemical shift different from that of the hexafluorobenzene in the pyridine-
ds—deuterium oxide layer, on which the spectrometer was stabilized. Once the
assignment of the H-1 signal as the multiplet that undergoes simplification on
exchange of the NH protons had been made, the assignments of H-2-H-5’ were

*Mention of commercial instrumentation in this article does not imply recommendation or endorse-
ment by the National Bureau of Standards.
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obvious, and confirmation thereof by double-resonance techniques was unnecessary.
The spectra were analyzed by first-order methods, and the coupling constants were
obtained from the differences of the frequencies of peak maxima listed in the auto-
matic printout. In order to confirm the accuracy of the printout, a limited number of
spectra were recorded in the continuous-wave mode at 90 MHz.
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