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commercially available 7-acetoxynorbornadiene followed by
treatment with methyllithium) was added to a mixture of 3.0 g
of triflic anhydride in 15 mL of pyridine at 0 °C. After 90 min
at 0 °C a standard aqueous workup was used to isolate 11. Ether
was used for extractions. After solvent removal by rotary evap-
orator, the residue was distilled to give 1.40 g (64%) of triflate
11:2#* bp 63-65 °C (3 mm); NMR (300 MHz) (CDCl;) 6 4.97 (1
H, brs), 2.38 (2 H, m), 1.92 (2 H, m) 1.65 (2 H, m), 1.44 (2 H, AB
q), 1.33 (2 H, AB q).

Reaction of 7-Norbornyl Triflate (11) with Potassium
Diethyl Phosphite. 7-Norbornyl triflate (0.60 g) was added to
a solution of potassium diethyl phosphite prepared from 0.19 g
of potassium and 0.68 g of diethyl phosphite in 100 mL of am-
monia. After vigorous stirring of the mixture for 20 min, the
triflate dissolved. Gas chromatographic analysis showed no re-
action after 10 h at -33 °C. Samples of the solution were sealed
in tubes. After 1 day at room temperature, no reaction was
apparent. A sample (sealed tube) was then placed in a steel bomb,
and liquid ammonia was introduced into the cooled bomb. After
sealing, the bomb was placed in a bath and maintained at 65 °C
for 35 h. After cooling, the bomb was opened and the tube was
removed. After being cooled in dry ice, the tube was opened, and
an aqueous workup followed. No phosphate ester 12 was present
by gas chromatographic analysis. Much of the triflate 11 had been
consumed. Two products of shorter gas chromatographic retention
time than 11 were observed along with unreacted 11. Samples
of each product were isolated by preparative gas chromatography.
The major product, which could be extracted with dilute hy-
drochloric acid, was identified as 7-norbornyl amine. The minor
product was identified as bicyclo[2.2.1]heptan-7-ol by comparison
with an authentic sample.?

Reaction of Phenyl Triflate (5a) with Potassium Diethyl
Phosphite in the Presence of p-Methylphenoxide. A solution
of potassium diethyl phosphite in 170 mL of liquid ammonia was
prepared as previously described from 0.55 g of potassium and
1.95 g of diethyl phosphite. Potassium (0.26 g) was then added
followed by 0.72 g of p-cresol. The color was discharged. Phenyl
triflate (5a, 1.50 g) was then added, and samples were periodically
withdrawn, diluted with ether, and extracted with water. The
ether extracts were analyzed by gas chromatography. Both

phosphates 6a and 6b were present. Figure 1 gives the area
percent of phosphate 6a as a function of time. After 17 h, the
ratio of 6a to 6b was 45:55.

Reaction of 2,6-Dimethylphenyl Triflate (5¢) with Po-
tassium Diethyl Phosphite in the Presence of 2,4,6-Tri-
methylphenoxide. A solution of potassium diethyl phosphite
in 170 mL of ammonia was prepared as previously described from
0.55 g of potassium and 1.95 g of diethyl phosphite. Potassium
(0.27 g) was added followed by 0.93 g of 2,4,6-trimethylphenol.
2,6-Dimethylphenyl triflate (5e, 1.74 g) was added, and the mixture
was stirred vigorously for 5 min to dissolve the triflate 5e. Samples
were periodically withdrawn and diluted with ether, and water
was added. The ether extracts were analyzed by gas chroma-
tography. After 8 min greater than 99.7% of the product was
phosphate 6e. After 30 min, about 99% of the product was 6e
and 1% of 2,4,6-trimethylphenyl diethyl phosphate had appeared.
After 1 h, 2% of this product was present and 8% after 5 h. On
completion of the reaction (25 h) the ratio of phosphate 6e to
2,4,6-trimethylphenyl phosphate was 88:12.
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A series of N-(substituted phenyl)-tri-O-acetyl-D-xylopyranosylamines (Ia-h) and N-(para-substituted phe-
nyl)per-O-acetylglycopyranosylamines, including four hexose derivatives (D-glucose, II; D-galactose, III; D-mannose,
1V; and L-rhamnose, V) and two pentose derivatives (D-arabinose, VI; D-ribose, VII), has been synthesized and
characterized by 270- and 500-MHz NMR spectroscopy. The configuration and conformation of these carbohydrate
derivatives were determined by analyzing the chemical shifts and coupling constants by NMR spectroscopy. Most
of the synthesized compounds were found to exist in the C1 (D) conformation, with the exception of the rhamnosyl
and arabinosyl derivatives V and VI which favored the 1C (L) and 1C (D) conformations, respectively. Compounds
Ia~h, I, and III existed in the 8 configuration, and the rest of the compounds (IV-VII) favored the « configuration.

A series of N-glycopyranosylamines has been synthes-
ized,?¢ with the objective being the development of agents
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capable of modifying the biosynthesis of glycosamino-
glycans by serving as artificial acceptors for biosynthetic
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enzymes. To correlate structural parameters with the
effects of these agents on glycosaminoglycan biosynthesis,
it was necessary to characterize the structure of these
derivatives. The use of NMR spectroscopy for configu-
rational and conformational analysis of substituted tet-
rahydropyran ring systems was initiated by Lemieux and
co-workers.* Their studies indicated that for six-mem-
bered-ring compounds, axial protons usually resonate at
higher field than equatorial protons, while axial acetyl-
methyl protons usually resonate at lower field than
equatorial acetylmethyl protons. In addition, the spin-spin
coupling constant between neighboring hydrogen atoms
in the axial orientation is about 2 to 3 times larger than
those of neighboring hydrogens in other orientations.
Therefore, by measurement of the chemical shift and the
magnitudes of the spin coupling constants, it is possible
to determine favored conformations and configurations of
various aldopyranoses and their derivatives.

A survey of the literature in this area has shown that
many investigators have conducted conformational and
configurational analyses of acetylated aldopyranosyl hal-
ides,7 acetates,®!2 and acetylated alkyl aldo-
pyranosides!®!* by NMR spectral analysis. However, only
a few conformational and configurational analyses on
O-algfa%tlyl- and O-benzylglycosylamines have been report-
ed.

The present study describes an analysis of the NMR
spectra of 14 N-(substituted phenyl)per-O-acetylated-bD-
glycopyranosylamine derivatives (Ia~h, II-VII). These
compounds existed in thermodynamically stable anomeric
forms.

Experimental Section

N-(Substituted phenyl)per-O-acetyl-D-glycopyranosylamines,
including four hexose derivatives (D-glucose, 11; D-galactose, III;
D-mannose, IV; L-rhamnose, V) and two pentose-containing
compounds (D-arabinose, VI; D-ribose, VII), were prepared by
acetylating the corresponding N-(substituted phenyl)-
pyranosylamines which were, in turn, obtained by condensation
of various amine compounds with different monosaccharides. The
synthesis and biological activity of these compounds will be
published elsewhere.2b¢

Unless otherwise indicated, NMR spectra were measured at
either 270 or 500 MHz (Brucker HX-270 or WM-500 supercon-
ducting spectrometer equipped with a Brucker ASPECT 2000
computer by using freshly prepared samples in CDCl; solution
(1%, w/v) with tetramethylsilane as the internal standard; spectra
were taken immediately after preparation of samples. The
chemical shifts were obtained by analysis of spectra on a first-order
basis, and are considered accurate to within £0.001 ppm. All of
the coupling constants were also obtained on a first-order basis
as direct peak-openings from the spectra measured at a sweep

(4) Lemieux, R. M.; Kullnig, R. X,; Bernstein, H. J.; Schneider, W. G.
J. Am. Chem. Soc. 1957, 79, 1005; 1967, 89, 5993.

(5) Horton, D.; Turner, W. N. J. Org. Chem. 1965, 30, 3387.

(6) Durette, P. L.; Horton, D. Carbohydr. Res. 1971, 18, 57.

(7) Holland, C. V.; Horton, D.; Jenell, J. S. J. Org. Chem. 1967, 32,
1818.
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Chemical Shifts? of Methine and Methylene Protons of N-(Substituted phenyl)-tri-O-acetyl-g-D-xylopyranosylamines in Chloroform-d
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Table II. Coupling Constants of Methine and Methylene Protons for
N-(Substituted phenyl)-tri-O-acetyl-g-D-xylopyranosylamines in Chloroform-d

H

A
c0 o
]

R
H  OAC NH-@
H

AcO

coupling constants,%: ¢ Hz

compd R Jl,NH Jl,z Jz,s J3,4 J4,sa Ja,se Jsase
ia p-H 7.96 8.85 9.07 9.51 9.63 5.75 -11.50
Ib p-CH, 9.77 9.28 9.28 9.53 10.12 5.63 -11.48
Ic p-OCH, 8.10 8.30 9.04 9.53 9.29 5.62 -11.48
Id p-Cl 7.07 8.85 8.86 9.51 9.20 5.71 -11.50
Ie p-COOC,H, 8.79 8.79 9.28 9.562 9.78 5.86 ~-11.72
If p-SO,Nsz 8.10 9.14 8.93 9.55 9.15 5.61 -11.82
Ig p-COOCOCH, 8.40 8.85 9.07 9.51 9.74 5.75 -11.50
Th 0-COOCOCH, 7.32 7.33 7.33 7.81 8.30 4.88 -12.20

2 Data obtained from spectra measured at 270 MHz. ° In acetone-d,. ¢ Abbreviations: a, axial; e, equatorial.
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Chart I. Conformation and Configuration of Sugar Moieties

H OAc
H
AcO 0
H H
AcO " N-R
OAc -
H I
y A
I B-D-xylosyl O B-D-glucosyl I B-D-galactosyl IV a-D-mannosyl

H
AcO 0 OAc = OCOCH,
HoH R= p-substituted
H
phenyl
A
oA [1¢] H
N-R
M
V a-L-rhamnosyl VI a-D-arabinosyl VI a-D-ribosyl

width of 270 or 500 Hz. These values were calculated by a com-
puter and were considered to be accurate within £0.1 Hz. Spectral
data for the 14 compounds (Ia-h, II-VII) are tabulated in Tables
I-IV.

Results and Discussion

Analysis of NMR spectra indicated that all of the 14
compounds synthesized (Ia-h, II-VII) existed predomi-
nantly in the chairlike configuration and conformation as
shown in Chart I. In general, the anomeric protons (H-1)
of acetylated aldopyranosyl halides®” and acetates®'2 and
acetylated 1-thioaldopyranoses?? were at relatively lower
field than other sugar ring protons. This presumably was
due to the deshielding effects of the 1-substituted halogen
and/or the acetyl group of the molecule.5!! In these cases,
the H-1 signal can be treated as the X portion of an AX
system, where A is H-2, or as the X portion of an AA’X
system;?® when H-2 and H-3 are strongly coupled and
demonstrate little difference in chemical shift, the coupling
constant of J,x between H-1 and H-2 is critical for de-
termining anomeric configuration and ring conformation.

In the present study of acetylated N-(substituted phe-
nyl)xylo- and glycopyranosylamine derivatives (Ia—h and
I1-VII, respectively), it was found that the H-3 signals in
Ia-h, I, and VII appeared at lower field (6 5.30-5.59) than

(22) Holland, C. V.; Horton, D.; Miller, M. J.; Bhacca, N. S. J. Org.
Chem. 1967, 32, 3077.
(23) Musher, J. L.; Corey, E. J. Tetrahedron 1981, 18, 791.

those of other sugar ring protons. None of the signals of
the anomeric proton (H-1) in compounds Ia—h, II-VII were
at the lowest field compared with other sugar protons.
This was probably due to a weaker deshielding effect by
the 1-substituted phenylamino group. The shift to higher
field of the H-1 signal causes it to appear within the
“envelope” of signals for H-2,3,4 and 1-NH in the spectra
of this series of compounds. Thus, first-order interpre- -
tations of this region of the spectra of the pyranosylamine
derivatives were more difficult than those of the corre-
sponding 1-halo and acetyl analogues. Furthermore, the
H-1 proton was not only coupled with the H-2 proton but
also further coupled with the neighboring 1-NH proton;
thus, the H-1 signal pattern of the anomeric protons in this
series of compounds are more complicated than other
acetylated aldopyranosyl halides®” and acetates.®!2 In
addition, the 1-NH doublets also appeared in this region;
therefore, the first-order interpretations of the spectra of
compounds Ia—h were more complicated than those of the
acetylated aldopyranose derivatives.51!

The identification and analysis of the H-1 anomeric
protons were achieved by either deuterium exchange or
spin—spin decoupling techniques.

N-(Substituted phenyl)-tri-O -acetyl-8-D-xylo-
pyranosylamine Derivatives (Ia-h). The xylo-
pyranosylamine derivatives that were evaluated (Ia-h)
contained different substituents in the benzene ring at the
para position, except for Th where the ortho position was
substituted by a COOCOCH;, group. The C-5 methylene
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( o el ] protons were observed as a seven-line AB pattern in an
18 © 2l w 3 ABXY system. The triplets at the higher field were as-
| D « Ol @ & signed to the axial H-5 protons in the C1 conformation on
| 8 o 8 RS the basis of the large coupling constants with H-4 (J,5, =
10 1 Iy 8.32-10.12 Hz). The quartets at lower field were assigned
| | % § to the H-5 equatorial protons on the basis of their smaller
b e PR o 5 & coupling constants (J, s, = 4.88-5.86 Hz). The J,;, cou-
£ 8 =x=3=1 5182 <& plings were larger than those normally observed for vicinal
% o|aaa SRR -T protons in a gauch relationship; however, relatively large
z - £z Jy5. couplings have been reported with methyl tri-O-
.’5" 5 ez . £ g acetyl-3-D-xylopyranoside'® and «-D-xylopyranose tetra-
= Olaiciaiai) |D)5= 38 acetate.!?
- 8 N 6}‘? The identification of the anomeric proton was achieved
_“_é | e o0 00 O 4_;5 by both the exchange of the 1-NH proton with D,O for
g 8 g : :, g . % % compounds Ia-d.f,g and by spin decoupling for compounds
= O Olma g Ie and Ih where the exchange did not occur. Upon deu-
8 n 8 NN o'-g terium exchange, the triplet of the anomeric proton col-
§ 5 5=2x £ lapsed to a doublet and simultaneously the doublet of the
2 8 ood i ” .§ g 1-NH disappeared. Of the remaining two triplets (Table
I =i 5 2= I), one at the lowest field (6 5.30-5.38) was assigned to H-3.
= | R Zlea o & This resembles the H-3 signal of methyl tri-O-acetyl-8-D-
B o % gnee S 2k xylopyranoside reported by Durette.!® The other signal
8 o B ¥ | = ) was assigned to H-2 (6 4.96-5.10). The multiplet at &
= g & e 4.93-5.03, observed as a six-line pattern, was assigned to
iy Gl oo £ S = H-4.
Q Flo|anes 12 e~ gg’ All of these compounds had a rather large coupling
'E, ElT |vvs [R50 g = *é constants of /5, Jy3, J34, and J, 5 (Table II). This finding
g % ; <9 indicated an axial orientation of hydrogen atoms at C1-C4,
= o oo |8 58 and the existance of the favored C1 (D) conformation and
'§ © o Ol o ¥ 8 the B configuration. The ortho derivative Ih showed a
3 Tld<< Y- T;‘g,g somewhat smaller coupling constant for the vicinal protons,
g 4 | o~ 3 ;‘; £ in comparison with the corresponding para derivatives
s 8 cwool | w8 Ia—g. Thus, the possibility of the existance of a small
2 2 Wi~ e \ e ZZL% proportion of the alternative all-axial 1C conformation for
2 © TR es w _ 2%m 1h cannot be excluded.
% S g | B 3 Ygw The acetoxy group signals of these compounds (Table
s = N N § o I) provided further verification of the favored C1 (D)
¥ € S gy | (8w 82 conformation and g configuration of Ia-h, since these
< L2283 g T . oy ! ;
” T = E UN, 3 p=Ere signals fell within the range expected for equatorial sec-
_§ ! L S ondary acetoxy groups.+?42
e oo o . = £E Influence of Substituents in Compounds Ia-h on
~ N B ; 25 o & the Chemical Shifts of Protons. The substituent groups
g st E g ; ; & 2 _5 o in the aromatic benzene ring had, in general, little effect
_":'. 0 g i f; on the observed chemical shifts of the sugar ring protons,
b gs T except for protons H-1 and 1-NH which are closely linked
= winess w| o2 & @a to the carbohydrate. All of the H-1 signals appeared at
= TSN oRA s 80 higher field than H-2, H-3, and H-4, except for compound
s 0L RIS If, and chemical shifts were related to the electronic nature
;‘E: T | N of the substituent group of the benzene ring; the elec-
g v =2 tron-donating groups caused an upfield shift compared to
= T e e aT oS ea E that of the parent compound Ia, while electron-withdraw-
s TR®83| (2|5« ‘ES ing groups caused a downfield shift (Figure 1). The
n W e e _: e substituent group also exerted major effects on the chem-
E g &5 ical shift of the 1-NH protons. Electron-donating sub-
% el o 3w § stituents directed the 1-NH signal upfield; for example,
g &= 8 vl O g = § in compoupd Ic, the 1-Nﬁ signal was 0.35 ppm more up-
'E IO 28 < 5E field than in the unsubstituted compound Ia, while in the
& £ s presence of electron-withdrawing groups, such as in com-
© &g *g pound If and Ig, the chemical shifts of the 1-NH proton
. < o ; S 3 moved downfield about 1.53 and 0.64 ppm, respectively.
~ ° % 2 g 2% 528 Furthermore, it was of interest that in compound Ih, the
= Z®iesg § - §-’§ ha g‘ é 1-NH proton was shifted to the lowest field (Figure 2);
& & E T ar 20w thus, in comparison to the parent compound Ia, the NH
g i ‘g g 88§ £ proton in Th was observed to be 3.65 ppm downfield, and
' 2 g g compared to the corresponding para derivatives, the shift
< By
IS, é = 8zf (24) Hall, L. D. Adv. Carbohydr. 1964, 19, 51,
g | == Sl s B A (25) Hall, L. D.; Hough, I.; McLauchan, K. A ; Pachler, K. Chem. Ind.
< < oo (London) 1962, 1465.
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Table IV. Coupling Constants of Methine and Methylene Protons for
N-(p-Substituted phenyl)-O-peracetylglycopyranosylamines in Chloroform-d

coupling constants,® Hz

compdh R R’ Jl,NH Jn,z Jz,a J3,4 J4,s Js,e Js,e’ Js,s’
II g-D-gluco H 8.85 9.07 9.07 9.51 10.16 5.53 1.99 -12.50
II1 g-D-galacto H 8.79 8.30 9.24 3.42 2.44 6.35 6.35 -10.62
v a-D-manno COCH, 8.72 c 3.32 9.97 9.34 6.02 2.49 -12.35

A% a-L-thamno @-¢ H 9.14 0.89 2.93 9.64 10.10
coupling constants,® Hz

compd R R' JI,NH J1,2 Jz,s J;a Ja,sb J4.s’b Jsa,se

VI a-D-arabino H 7.81 8.556 8.30 2.93 2.17 c -13.30

VII a-D-ribo @ COCH, 7.74 4.36 4.15 3.97 8.32f 4.13% -11.97

¢ Data obtained from spectra measured at 270 MHz. ® The C-5 and C-6 protons resonating at lower field are designed
H-5 and H-6, respectively, and those resonating at higher field are designed H-5' and H-6', res]pectively. ¢ First-order

coupling constants was not observed.
III for structure.

H-5a

H-Se fq

L J_ 1.
6.00 5.00 4.00

3.0Lo 3
Figure 1. (A) Partial 'H NMR spectrum of N-phenyl-2,3,4-

tri-O-acetyl-S-D-xylopyranosylamine (Ia) at 270 MHz in CDCl,.
(B) 'H NMR spectrum after D,O exchange.

of the 1-NH proton downfield was 3.01 ppm. This phe-
nomenon may be due not only to the fact that the ortho
substituent in Th was much more deshielding than that of
the corresponding para derivative but also to the formation
of hydrogen bonding between the 0-COOCOCH; group and
the 1-NH proton.?” In agreement with this possibility,
this NH proton could not be exchanged by deuterium
oxide. Analysis of the NMR spectrum of this compound
was accomplished by spin-decoupling techniques.
Tetra-O-acetyl-8-D-glucopyranosylamine (II). The
NMR spectrum of II was similar to that of the D-xylo-
pyranosylamines (Ia-h). After D,O exchange, the 1-NH
doublet of é 5.30 disappeared and H-1, H-2, H-3, and H-4
signals were observed as triplets at 6 4.81, 5.07, 5.41, and

(26) Borey, F. A. “Nuclear Magnetic Resonance Spectroscopy”; Aca-
demic Press: New York, 1969; pp 80-83.

. (27) Chapman, D.; Mag, P. D. “Introduction to Practical Resolution
Nuclear Magnetic Resonance Spectroscopy”; Academic Press: New York,
1966; p 46.

(28) Srivastava, P. C.; Revankar, G. R.; Robins, R. K. J. Med. Chem.
1981, 24, 393.

4 Data obtained at 500 MHz.

€ Js 6-cH, = 6.20 Hz. Josa € J4 e k See Table
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Figure 2. (A) 'H NMR spectrum of N-[(acetoxycarbonyl)-
phenyl]-2,3,4-tri-O-acetyl-G-D-xylopyranosylamine (Th) at 270 MHz
in CDCl;. (B) 'H NMR spectrum after D,O exchange.

L J_

5.10, respectively (Table III), with large coupling con-
stants.* This finding indicated that these protons were
axially oriented and existed in the C1 (D) conformation and
the 3 configuration; however, Holland et al.22 have reported
that the H-1, H-2, H-3, and H-4 signals of 1-thio-8-D-
glucopyranose pentaacetate overlapped and could not be
analyzed when chloroform-d was used as a solvent at 100
MHz. The H-6 and H-6’ signals appeared as an eight-line
pattern, typical of the A-B portion of an ABX system,®
and the H-5 signal appeared at a higher field (5 3.87) as
an eight-line multiplet which was readily illustrated by
expansion of the spectrum and appeared as the X portion
of an ABXY system.

Tetra-O -acetyl-8-D-galactopyranosylamine (III).
Compound ITI gave an NMR spectrum consistent with the
anticipated C1 conformation. The H-1 and H-2 signals
were observed as triplets with large coupling constants (J; ,
= 8.30 Hz, J, 3 = 9.24 Hz), indicating that H-1, H-2, and
H-3 were axially oriented and existed in the C1 (D) con-
formation and the 8 configuration. After D,0O exchange,
the H-1 triplet at § 4.81 collapsed to a doublet, and si-
multaneously the 1-NH doublet at § 5.37 disappeared. The
structure of compound III was further supported by the
chemical shifts of the acetoxy groups; the lowest field
acetoxy group at § 2.17 was assigned to the axial 4-acetoxy
group, and the other three acetoxy groups were at a higher
field at 6 2.03, 2.06, and 2.08, respectively, indicating an
equatorial orientation.2425
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Figure 3. (A) Partial 'H NMR spectrum of N-(p-carboxy-
phenyl)-2,3,4-tri-O-acetyl-a-L-rhamnopyranosylamine (V) at 500
MHz in CDCl;. (B) Expansion of the spectrum A.

Tetra-0-acetyl-a-D-mannopyranosylamine (IV).
The NMR spectrum of compound IV was consistent with
an «a-D configuration in the C1 conformation. Upon D,0
exchange, the doublet at é 5.35 disappeared; this signal was
assigned to 1-NH. The other broad doublet at 8 5.05
collapsed to a broad singlet and was assigned to H-1. The
H-1 was considered to be in the equatorial orientation,*
since the Jy,,, coupling constants were apparently too
small to be separated. The quartet at § 5.17 was assigned
to H-3, which showed a small J, 3 (3.32 Hz) and a large J;,
(9.97 Hz) coupling. The H-4 appeared as a triplet, indi-
cating that H-3, H-4, and H-5 existed in an axial orien-
tation.* The signals and the chemical shifts of the H-5,
H-6, and H-6’ protons were similar to those of the corre-
sponding protons in compound III. These findings all
supported the C1 (D) conformation and « configuration.
Similarly, the chemical shifts of the acetoxy groups gave
further support to the assigned structure, since one acetoxy
group signal appeared at relatively low field at 6 2.30 and
was assigned to the axial 2-acetoxy group.+?4%

Tri-O-acetyl-L-rhamnopyranosylamine (V). The
NMR spectrum of compound V is shown in Figure 3. At
500 MHz all of these protons were resolved. After D,O
exchange, the broad doublet at é 5.04 collapsed to a narrow
doublet with a small coupling constant (J;, = 0.94 Hz)
which was assigned to H-1. The NH and H-1 protons
appeared to be an AB system. These findings indicated
that the H-1 proton existed in an equatorial orientation.*
The doublet at § 4.99 that disappeared was assigned to
1-NH. The large coupling constant of J; 4 (9.64 Hz) and
Jy5 (10.10 Hz) indicated that H-3, H-4, and H-5 existed
axially in the sugar ring. The eight-line signal at higher
field (6 3.69) was assigned to H-5, the A portion of an AX,Y
system, coupled with H-4 (Y) and with three protons (X3)
at C-6. All of these data, including those for the three
acetoxy groups,*?*? provided support for the 1C (L) con-
formation and the « configuration and excluded the C1
conformation which would have 3,4,5-triequatorial protons
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Figure 4. (A) Partial 'H NMR spectrum of N-[p-(acetoxy-
carbonyl)phenyl]-2,3,4-tri-O-acetyl-a-D-ribopyranosylamine (VII)
at 500 MHz in CDCl;. (B and C) Expansions of the spectrum
of A.

and J3 4 and J, 5 couplings of smaller magnitude.
Tri-O-acetyl-a-D-arabinopyranosylamine (VI). The
NMR spectrum of compound VI showed a triplet with a
large coupling constant at 6 4.75 (J; xy = 7.81 Hz, J; 5 =
8.55 Hz) that converted to a doublet after D,O exchange;
this was assigned to H-1. The doublet at § 5.26 that dis-
appeared after D,0 exchange was assigned to 1-NH. The
triplet at 6 5.31 with a large coupling constant (J,3 = 8.30
Hz) was assigned to H-3, indicating an axial orientation
of the H-1, H-2, and H-3 protons. The methylene protons
(H-5, H-5) at 6 4.05 and 6 3.79, respectively, gave a pattern
recognizable as the AB portion of an ABX system. The
remaining signal, a poorly resolved broad singlet at 6 5.39
was assigned to H-4. The poor resolution of this signal was
assumed to be due to the small difference in the chemical
shift between H-4 and H-3 (6 5.39 for H-4 and ¢ 5.31 for
H-3). These findings clearly support the 1C (D) confor-
mation and the a configuration for compound VI. The
acetoxy group signals provided further verification of the
structure of VI, since one signal was observed at relatively
low field (6 2.17), indicative of the axial orientation of the
4-OAc, and the other two signals occurred at higher field
(6 2.06, 2.08), indicating equatorial orientation of the 2-OAc
and 3-OAc groups.424%
Tri-O-acetyl-a-D-ribopyranosylamine (VII), All of
the protons of compound VII were well resolved (Figure
4), except for the signals of the H-3 and H-4 protons which
overlapped, even with high-resolution NMR at 500 MHz,
to form a poorly resolved broad singlet at 6 5.59. The
chemical shifts of these protons were determined by the
spin-decoupling technique; the methylene H-5 protons
exhibited an eight-line pattern, indicating an AB portion
of an ABX system. The J, 5 coupling constant was large
(8.32 Hz), indicating a trans-diaxial arrangement of the H-4
and H-5a protons. The H-1 signal appeared as a quartet
(a pair of doublets) by coupling with the neighboring 1-NH
and H-2 protons and had coupling constants of 7.74 (J; ng)
and 4.36 Hz (J; 5), respectively. These findings indicated
that H-1 existed in an equatorial orientation. A triplet at
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6 5.29 was assigned to H-2. This signal was split by H-1
and H-3 protons to give a small coupling constant (J,5 =
4.15 Hz), indicating the existence of 1,2- and 2,3-cis ori-
entations. The quartet of H-1 and the triplet of H-2
protons at & 5.26 and 6§ 5.29, respectively, collapsed to a
pair of doublets by irradiating protons H-3 and 1-NH. The
H-4 proton appeared as a quintet by coupling with the
neighboring axial protons at C-5 (J, 5, = 8.32 Hz), and the
equatorial protons at C-3 and C-5 (Js,4 = 3.97 Hz, J 5, =
4.13 Hz, respectively). These observations indicated that
H-4 existed in the axial orientation. The methylene H-5
protons exhibited an eight-line pattern to form the AB
portion of an ABX system, and the large J 3, coupling
constant (8.32 Hz) indicated a trans-diaxial arrangement
of H-4 and H-5a. The H-5a signal occurred at a lower field
(6 3.94) than that of the H-5e (6 3.67), proving to be an
exception to the rule that an equatorial proton resonates
at a field lower than that of a chemically similar but axially
oriented proton.* This may be the result of the deshielding
effect of the axial acetoxy group at C-3. These findings
support the C1 conformation, and exclude the 1C con-
formation, which would give a smaller J,;, coupling
constant. The small splitting of the H-1 signal suggested
an «a-D configuration for structure VII. This was also

confirmed by the acetoxy group signals, since one signal
was observed at lower field (8 2.22), indicative of the axial
orientation (3-OAc), and the other two signals were ob-
served at higher field (6 2.10 and § 2.13), indicating an
equatorial orientation (2,4-OAc).42425
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The reaction of phenylnitrene with oxygen was reinvestigated by irradiating phenyl azide (1) in Op-saturated
acetonitrile solutions, Quantum yields of the disappearance of 1 are calculated from absorption spectral changes,
and primary photoproducts are determined by using high-pressure liquid chromatography. The photochemistry
of the reaction products (azobenzene, azoxybenzene, nitrobenzene, and nitrosobenzene) are also examined, including
measurements of quantum yields and determinations of primary photoproducts and product ratios. A reaction
sequence is presented to account for the photooxidation products afforded upon irradiation of 1 in the presence
of oxygen. The reaction of phenylnitrene with oxygen is an effective termination step in the autocatalytic chain

decomposition of 1.

During our investigation of the photoinitiated auto-
catalytic chain decomposition (PACD) of phenyl azide! (1),
azobenzene? (2) was the only primary photoproduct when
irradiated with 254-nm light in deaerated acetonitrile
(CHLCN) solution.? An isosbestic point in the absorption
spectra and high-pressure liquid chromatography (LC)
verified the two-component system. Upon continued ir-
radiation, the isosbestic point was destroyed as an in-
tractable material was also formed.*® Prolonged irradi-
ation of 1 in aerated solution also afforded azoxybenzene
and nitrobenzene.!

Abramovitch and Challand® have studied the photo-
reaction of phenyl azide with oxygen in CH;CN and found
nitrobenzene and tars as major photoproducts; trace
amounts of azobenzene and aniline were also formed.
Upon triplet sensitization, the amount of nitrobenzene was
substantially increased; no azobenzene or aniline was

tPresent address: The Goodyear Tire and Rubber Company,
Akron, OH 443186.

formed. Direct excitation of 1 in the presence of the triplet
quencher piperylene resulted in negligible amounts of
nitrobenzene.® Five substituted phenyl azides were also
studied,” with nitrobenzenes being formed. Corresponding
azobenzenes, anilines, and azoxybenzenes were also formed.
Azoxybenzene is thought to be formed via reaction of an
arylnitrene with its nitrosobenzene;$1112 direct oxidation
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