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measurements on the vapor show that the phenyl rings are
about 30° out of the plane of the double bond.?® Ap-
parently, crystal packing forces contribute to the near
planarity of the molecules in the crystal phase.

We are aware of no vapor-phase structure determina-
tions for compounds containing the furyl analogue of
fragment 8, but if the structure of 3-(2-furyl)acrylic acid
(9)% is typical, the 2-furyl group, with its smaller ring
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H, /C=C
C=(C H
/ \O
C
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2

angles and oxygen atom adjacent to the point of attach-
ment, easily assumes a conformation to avoid such strain.
The smaller effective size of 2-furyl compared to phenyl
is reflected in the presence of 4.9% of the cis isomer of 5

(32) Bryan, R. F.; Freyberg, D. P. J. Chem. Soc., Perkin Trans. 2 1975,
1835-40.

(33) Hoekstra, A.; Meertens, P.; Vos, A. Acta Crystallogr., Sect. B
1975, B31, 2813-7.

(34) Cf.. Stam, C. H.; Riva di Sanseverino, L. Acta Crystallogr. 1966,
21, 132-8; Glusker, J. P.; Zacharias, D. E.; Carrell, H. L. J. Chem. Soc.,
Perkin Trans. 2 1975, 68-74.

(35) Traetteberg, M.; Frantsen, E. B.; Mijlhoff, F. C.; Hoekstra, A. J.
Mol. Struct. 1975, 26, 57-68.

(36) Filippakis, S. E.; Schmidt, G. M. J. Chem. Soc B 1967, 229-32.

but not enough of the cis isomer of 4 to be able to detect
it in the equilibrium mixture. The equilibrium constant
for cis to trans isomerization to give 4 should be at least
as large as for isomerization of cis- to trans-1-phenyl-
propene, for which the value is 44 in dimethyl sulfoxide
at 25 °C.* Thus there should have been less than about
0.5% cis-3-(2-furyl)-1-phenylpropene present in our
equilibrium mixtures; we are not certain that we would
have detected this small an amount of this compound.

Equation 2 was used to calculate D values for the
tert-butoxy and 2-furyl substituents. A D value of 4.90
kcal/mol for phenyl,? a 7, value of 13.4,> and a o, value
of 0.02 for the 2-furyl group® were used. The estimated
o1 value of 0.17 for 2-furyl® and the plot of o7 vs. 0p.cn,x
described previously? gave a o, value of -0.07 for the 2-
furylmethyl group. In the absence of ¢ values for tert-
butoxy, the values for methoxy (—0.26)* and methoxy-
methyl (0.03)2 were used. For phenyl and benzyl, the ¢
values were 0.03% and —0.09,% respectively. D values of
6.32 and 5.60 kcal/mol were obtained for the tert-butoxy
and 2-furyl substituents, respectively.

Registry No. 2, 76583-99-8; (E)-3, 76613-60-0; (Z)-3, 76584-00-4;
4, 37542-90-8; (E)-5, 76584-01-5; (Z)-5, 76584-02-6; tert-butyl alcohol,
75-65-0; cinnamyl chloride, 2687-12-9; 1-(2-furyl)-3-phenyl-1-
propanol, 76584-03-7.
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(38) Fringuelli, F.; Marino, G.; Taticchi, A. J. Chem. Soc. B 1971,
2304-6.
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Several p-nitrobenzoate and o-nitrobenzoate esters have been found to undergo competing SyAr and Sy2 reactions
with azide, alkoxide, and thiophenoxide ions. SyAr displacement of the nitro group even competes with Sy2
displacement on the methyl group of methyl esters 1¢ and 11. Esters la and 1b undergo predominately SyAr
displacements with azide, whereas 1¢ undergoes predominately an Sn2 displacement with azide. Both 1b and
1c undergo predominately SyAr reactions with alkoxides and thiophenoxide. The SyAr products from the azide
reactions consist of mixtures of p-azidobenzoates, p-aminobenzoates, and 4,4’-azodibenzoates whose compositions

depend upon the reaction conditions.

We recently reported the use of halotrimethylsilanes for
transforming nucleoside 2/,3’-ortho esters into anhydro-
and halonucleosides.! While exploring the synthetic
versatility of halotrimethylsilanes for performing trans-
formations in carbohydrates, we treated several methyl
glycosides with chlorotrimethylsilane in the presence of
sodium azide, hoping to develop a facile synthesis of gly-
cosyl azides. However, when methyl 2,3-O-iso-
propylidene-5-O-(p-nitrobenzoyl)-3-D-ribofuranoside (1a)
was treated with a mixture of sodium azide, tetra-
methylammonium chloride, and chiorotrimethylsilane in
dimethylformamide (DMF), some very unexpected results
were obtained. We had expected that a replacement of
the methoxy group in 1a by an azido group would occur.

(1) M. W. Logue, Carbohydr. Res., 40, C9 (1975).

0022-3263/81/1946-1638%01.25/0

When the reaction mixture was chromatographed on silica
gel, a pale yellow solid was isolated (homogeneous on
TLC), whose IR spectrum contained a strong azide band
at 2128 cm™!, However, its NMR spectrum was identical
with the NMR spectrum of 1a. Since the product was, as
far as we could tell, identical with la except for the in-
dication of an azido function from its IR spectrum, the only
logical conclusion was that displacement of the aryl nitro
group by azide had occurred.

The displacement of nitrite from nitro aromatics by
azide is known to occur when activated by another nitro
group? or two carbonyl functions.? Even though activated
nitro aromatics undergo SyAr reactions with greater fa-

(2) P. A. Grieco and J. P. Mason, J. Chem. Eng. Data, 12, 623 (1967).
(3) S. Marburg and P. A, Grieco, Tetrahedron Lett., 1305 (1966).
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Table I. Reactions of p-O,NC,H,CO,R with Azide According to Eq 1°

N,/ester iald b
molar % yield

entry ester ratio time, h temp, °C 2 3 4 5 6 7 1
1 la 2.5 2 150 21 35 16 25
2 la 2.6 3 150 8 39 23 5 5 20
3 1b 2.0 1 150 63 24 5 6
4 1b 2.0 0.5 150 51 18 2 27
5 1b 2.5 72 110 11 10 2 16 6 45
6 1b 2.5 23 (1)¢ 105 (150)¢ 50 35 5
7 1lc 1.0 1 150 13 6 2 3 7 55 13
8 1c 2.0 2 150 4 5 7 2 8 68 5
9 lc 2.5 140 104 4 9 2 10 75

@ Reactions were run in 3 mL of dry DMF. ® NMR yields except for 6. ¢ Numbers in parentheses are additional time

and temperature values,

Table II. Reactions of p-O,NC,H,CO,R with Alkoxides and Thiophenoxide in DMF ¢

iald D
Y- /ester time, % yield
entry ester Y- molar ratio min temp, °C 9 10 7 1
1 1b i-BuO- 1.5 10 131 76 6 14 3
2¢ 1b i-Bu0O- 2.6 1 131 60 20 6
3 ic MeO- 1.5 10 131 81 4 3
4 lc MeO” 2.5 1 131 80 14 4
5 lc CH,S- 1.5 2 97 71 11 12

@ Dry DMF (3 mL).

b NMR vyields except for entry 5 which are isolated yields. ¢ Under these conditions another com-

pound, assigned the structure Me,NC,H,CO,-i-Bu, was formed in 13% yield (most likely from Me,NH formed by decomposi-

tion of DMF).

cility than the correspondingly activated haloaromatics,>*
nucleophilic displacement of a nitro group from an aro-
matic ring bearing only one activating group such as NO,,
CN, CHO, COR, SO,R, or COR rarely has been ob-
served.2*" Displacements where an ester function serves
as an activator have received only cursory investigations;
e.g., SyAr displacements of a nitro group have been ob-
served for methyl o-nitrobenzoate with mercaptides®™ and
oximate anions® and for methyl and ethyl p-nitrobenzoates
with ethoxide.” Because of this scarcity of information on
ester functions as activators for SyAr reactions and the
wide use of the p-nitrobenzoyl group for protection of
hydroxyl functions in carbohydrate synthesis, we under-
took a closer look at nitro group displacement from alkyl
p-nitrobenzoates and methyl o-nitrobenzoate with nu-
cleophiles in DMF and Me,SO.

Treatment of p-nitrobenzoates 1 with sodium azide in
DMF (eq 1) gave complex product mixtures (Table I),

Na-
p-OsNCgHaCOLR  Fre™ p-N3CqHaCOR + RO,CCeHN==NCH4CO,R +
264 VY2 OMF 3-64-V2 264 642

la,R = @ME 2 3
5% (1)
b, R =i-Bu
¢, R = Me
PHNCH,COR + p-NiCHLOH + pHNCHLCOH + p-OpNCgH,COH
4 5 6 7

whose compositions could be readily determined from their
NMR spectra. The product mixture complexities derive

(4) J. DeBoer and I. P. Dirkx in “The Chemistry of the Nitro and
Nitroso Groups”, H. Feuer, Ed., Wiley-Interscience, New York, 1969, Part
I, pp 487-612.

(5) (a) J. R. Beck and J. A. Yahner, J. Org. Chem., 39, 3440 (1974); (b)
J. R. Beck, ibid., 38, 4086 (1973); (c) J. R. Beck, ibid., 37, 3224 (1972).

(8) R. D. Knudsen and H. R. Snyder, J. Org. Chem., 39, 3343 (1974).

(7) N. Kornblum, L. Cheng, R. C. Kerber, M. M. Kestner, B. N.
Newton, H. W. Pinnick, R. G. Smith, and P. A, Wade, J. Org. Chem., 41,
1510 (1976).

from the instability of the initially formed azides 2 and 5
under the reaction conditions; decompositions of 2 and 5
produce nitrenes that in turn lead to the formation of azo
compounds 3 and amines 4 and 6.

Most unexpectedly, p-nitrobenzoates 1a and 1b undergo
SnAr displacements with azide to the almost total exclu-
sion of SN2 displacements, 94-100% and 87-100%, re-
spectively. Even more surprising is that an SyAr dis-
placement (25-36%) by azide on methyl ester le¢ competes
with the expected Sy2 displacement on methyl.

The azide reaction product mixtures were extremely
difficult to separate into their individual components, but
they were readily amenable to an NMR analysis as out-
lined below. A simple extraction procedure (see Experi-
mental Section) allowed the six components to be sepa-
rated into three fractions with the first containing esters
2-4 and recovered 1, the second containing acids 5 and 7,
and the third containing only acid 6. Acids 5-7 were an-
alyzed as their methyl esters, which were prepared by
treatment of the acids with diazomethane. Thus, acid 6
could be determined directly, but the compositions of the
first two fractions were determined from NMR spectra.

The aromatic hydrogens of 3 appear as two doublets (J
= 9 Hz) at 6 7.05 and 8.02, and the aromatic hydrogens of
4 appear as two doublets (J = 8.3 Hz) at  6.66 and 7.82,
whereas the aromatic hydrogens of 2a and la appear as
singlets at ¢ 8.32, and the aromatic hydrogens of 2b,c and
1b,c all appear as two doublets (J = 9 Hz) of an AB quartet
at 6 8.20 and 8.26. Therefore, the ratios of 3 and 4 to the
sums of 2 and 1 can be determined from the NMR spectra
of their mixtures. The ratios of 2 to 1 can then be de-
termined from NMR spectra after the mixtures have been
treated with triphenylphosphine, which converts azides 2
into their corresponding phosphinimines [8a-c,®
(CeH;);,P==NCH,CO,R] and shifts the aromatic hydrogens
upfield from the aromatic hydrogens on 1. Only the up-
field doublet, § 6.78 (J = 9 Hz), of the AB quartet is visible

(8) (a) H. Staudinger and J. Meyer, Helv. Chim. Acta, 2, 635 (1919);
(b) L. Horner and A. Gross, Justus Liebigs Ann. Chem., 591, 117 (1955).
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Table III. Comparison of DMF and Me,SO as Solvents
for SyAr with Azide®

% yield
entry solvent ester 2 3 4 5 6 7 1
1 DMF 1b 63 24 5 6
2 Me,SO 1b 28 27 8 6 28
3 DMF le 13 6 2 3 7 55 13
4 Me,SO 1c 1 7 6 68 5

¢ A 2:1 molar ratio of N, to ester in 3 mL of dry sol-
vent for 1 h at 150 °C. b NMR yields except for 6.

Table IV. Comparison of DMF and Me,SO as Solvents
for Sy Ar with Methoxide®

% yield b
solvent ester 9¢ 10c¢ i 1c
DMF lc 84 9 6

Me,SO lc 31 15 27 24

¢ A 1,5:1 molar ratio of MeQ™ to 1c¢ in 3 mL of dry sol-
vent for 0.5 h at 131 °C. ® NMR vyields.

as the downfield doublet is buried under the hydrogen
envelope of the (CgH;);P moiety. The ratios of 5 to 7 can
be determined similarly.

The reactions of 1b and l¢ with other nucleophiles in
DMF were also investigated. Only alkoxides and thio-
phenoxide among the various nucleophiles examined (al-
koxides, thiophenoxide, cyanide, iodide, fluoride, and
acetate) gave any reaction under the conditions used (eq
2). The results for alkoxide and thiophenoxide dis-

CO,R CO,H

e 3= (O] + + 7 (2)

Y
9a-c 10a-c

a,Y=CH,S R=Me;b, Y =i-BuO, R =i-Bu;¢, Y = MeO,
R =Me

placements are listed in Table II. The greater nucleo-
philicities of alkoxides and thiophenoxide as compared to
azide toward SyAr displacement of nitro groups is evident
from the lower temperatures and shorter reaction times
needed for comparable or higher yields. Entries 3-5 in
Table II also indicate that the SyAr nucleophilicities of
methoxide and thiophenoxide are greater than their Sy2
nucleophilicities toward le. This is exactly opposite the
order of SyAr and Sy2 nucleophilicities of azide toward
lc (entries 7-9, Table I).

Because of the generally recognized greater solvent
power of Me,SO vs. DMF, we repeated the reactions of 1b
and le with azide and of l¢ with methoxide in Me,SO.
The results in Tables III and IV definitely show that DMF
is the better solvent for SyAr displacement of a nitro group
by azide and methoxide, which is in agreement with the
previously observed faster rates of SyAr displacement of
halide from halogenonitro aromatics by azide and thio-
cyanate in DMF vs. Me,SO.°

The reasons for increased rates of Sy2 and SyAr reac-
tions in dipolar aprotic solvents are very complex but have
been ascribed mainly to differential anion solvation.®1°

(9) J. Miller and A. J. Parker, J. Am. Chem. Soc., 83, 117 (1961).

(10) (a) A. J. Parker, Rev., Chem. Soc., 16, 163 (1962); (b) A. J. Parker,
Adv. Org. Chem., 5,1 (1965); (c) A. J. Parker, Adv. Phys. Org. Chem.,
5, 173 (1967); (d) A. J. Parker, Chem. Rev., 69, 1 (1969); (e) J. Miller,
J. Am, Chem. Soc., 85, 1628 (1963); (f) J. Miller, “Aromatic Nucleophilic
Substitution”, Elsevier, Amsterdam, 1968, pp 313~325.

Logue and Han

Thus, the lower SyAr reactivities of Ny~ and MeO™ in
Me,SO vs. DMF are most likely due to greater anion
solvation by Me,SO over DMF; in fact, solvent activity
coefficients for a number of anions are larger in DMF than
in Me,SO; e.g., 4.9 and 3.5 for azide in DMF and Me,SO,
respectively.!

Methyl o-nitrobenzoate (11) has been reported to un-
dergo SyAr displacement of the nitro group by lithium
methyl thioglycolate in DMF followed by cyclization to a
benzothiophene (eq 3).5> We were puzzled by this result

OH
CozMe SCH,C0,M
Li e
@[ —mwF O)—coMe  (3)
NO, S
11 61%

since leaving groups ortho to an activating group (by
resonance) on an aromatic ring are, in general, displaced
by anionic nucleophiles with more difficulty than leaving
groups that are para.* The greater reactivity of the para
isomers is due to the necessity for activating groups to be
coplanar with the aromatic ring in order to exert a max-
imum resonance effect. Coplanarity is easily accomplished
when the substituents are para, but less so when they are
ortho.

With regard to 11 either the NO, or the CO,Me group
could be twisted out of coplanarity. A comparison of the
IR spectra of 1¢ and 11 indicates that it is the CO,Me
group that is twisted out of coplanarity. The carbonyl
stretch for le occurs at 1724 em™!, which is normal for
aromatic esters; however, the carbonyl stretch for 11 occurs
at 1739 cm™!, which is in the region for saturated esters.
Thus, comparison studies of the reactions of 1¢ and 11 with
azide, methoxide, and thiophenoxide in DMF were con-
ducted. These results (Table V) confirm our expected
lower reactivity for 11 as compared to lc toward SyAr
displacements; 11 gives significantly greater amounts of
Sn2 displacement than does le¢. The difference in re-
activity of 11 and le is most striking when thiophenoxide
is the nucleophile; 1¢ undergoes predominately (82%) an
SnAr displacement, but 11 undergoes predominately (86 %)
an Sy2 displacement. In 11, the CO,Me group is rotated
out of the plane of the aromatic ring, and resonance sta-
bilization of the intermediate addition complex, as depicted
in structure 12, is not possible. Thus, nucleophilic attack
on 11 occurs at methyl instead of at the aromatic nucleus.

o

/
C—0OMe
(L
Nu
12

Our results with 11 are contrary to those reported for
11 with lithium methyl thioglycolate, where the nitro group
undergoes ready displacement at 0 °C in DMF.?® This
apparent discrepancy is probably due to the difference in
the cations employed, potassium thiophenoxide vs. lithium
methyl thioglycolate, coupled with the ortho effect!! for
SnAr displacements. Potassium salts are known to be
largely dissociated in DMF,%1% whereas lithium salts are
largely dissolved as ion pairs.'? If, as appears reasonable,

(11) Activated aromatics are generally more reactive toward anionic
nucleophiles when a nitro or a carboxylate function is para rather than
ortho to the leaving group, whereas with neutral nucleophiles the reverse
is true due to stabilization of the developing positive charge on the nu-
cleophile by the adjacent electron donor.*

(12)) W. M. Weaver and D. J. Hutchison, J. Am. Chem. Soc., 86, 261
(1964).
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Table V. Comparison of Reactivity of 1¢ and 11 in DMF@

% yield ®
Y-/ester temp,°¢ YC.H,- YC,H,- O,NC,H,-
ester Y molar ratio time °C CO,Me CO,H CO,H lecoril
i1 N, 1.0 2h 150 23 81 12
lc N, 1.0 2h 150 14 10 67 7
11 MeO- 1.5 1h RT 34 41 21
le MeO- 1.5 1h RT 65 25 9
11 C,H,S 2.5 2 min 97 3 1 86
lc C H,S 5 2 min 97 71 11 12

¢ Dry DMF (3 mL). ® NMR yields except for C,H,SK reactions which are isolated yields. ¢ RT = room temperature.
65

the lithium ion pair acts as a neutral nucleophile, then the
ortho CO;Me group of 11 would facilitate an SyAr attack
by coordination with the developing free lithium ion in the
transition state; e.g., structure 13.

OMe

13

An interesting synthetic use of the SyAr displacement
of a nitro function is the one-step synthesis of methyl
p-methoxybenzoate (9¢) from p-nitrobenzoyl chloride (eq
4). When p-nitrobenzoyl chloride was treated with a 3.5
molar excess of sodium methoxide in DMF at 97 °C for
1.0 min, 9¢ was isolated in 71% yield.

CoCi

S 9c (4)

NO,

The almost instantaneous appearance of intense color-
ations (green to blue)!® upon addition of the nucleophiles
to DMF solutions of the nitro aromatics should also be
mentioned. Similar observations have been reported
previously for other nitro aromatic substrates for SyAr
displacements, and the colorations have been ascribed to
the intermediate Meisenheimer complexes and/or
charge-transfer complexes.*

In conclusion, we should like to point out that due to
the ease with which SyAr displacements of nitro groups
of p-nitrobenzoates take place, the p-nitrobenzoyl group
should be used with caution as a protecting group, espe-
cially when strongly nucleophilic conditons will pertain,
i.e., good nucleophiles in dipolar aprotic solvents.

Experimental Section

General Methods. IR spectra were recorded on a Perkin-
Elmer Model 137 spectrophotometer. NMR spectra were recorded
on a Varian EM 390 spectrometer with Me,Si as an internal
reference. Melting points were determined on a Thomas-Hoover
capillary melting point apparatus and are corrected. DMF was
dried by distillation under reduced pressure and storage over 4A
molecular sieves. Me,SO was dried by distillation from CaH,
under reduced pressure and storage over 4A molecular sieves.
Diazomethane was prepared from N-nitroso-N-methylurea.l4
Potassium thiophenoxide was prepared by the action of KOH on
thiophenol in ethanol and dried in a vacuum desiccator. Alkoxides

(13) Intense colorations are even observed for nucleophiles that do not
lead to displacement, i.e., iodide and cyanide.

(14) F. Ardnt, “Organic Syntheses”, Collect. Vol. II, Wiley, New York,
1943, p 165.

were prepared by the action of the requisite alcohol on Na metal
in diethyl ether and dried under high vacuum. All column
chromatography and TLC was performed on E. Merck silica gel
60 (no. 7734) and E. Merck silica gel 60 plates (no. 5539), re-
spectively. All other reagents were of reagent grade and were used
as received. Removal of all solvents from reaction mixtures was
done under reduced pressure on a rotary evaporator. Elemental
analyses for pure compounds that could be isolated were per-
formed by Galbraith Laboratories, Inc.

Methyl 2,3- O-Isopropylidene-5- O-( p-nitrobenzoyl)-8-D-
ribofuranoside (la). To 2.04 g (10 mmol) of methyl 2,3-0-
isopropylidene-p-ribofuranoside!’ in 8 mL of pyridine was added
2.04 g (11 mmol) of p-nitrobenzoyl chloride. After the reaction
mixture had been heated for 3 h at 70 °C, the solvent was removed,
and the residue was dissolved in CHCl; and washed with saturated
NaHCO,;. The CHCIl; was evaporated to dryness to give a syrup,
which was chromatographed on a 1.5 X 20 cm column of silica
gel with CHC; to give 3.24 g (92%) of 1a as a homogeneous (TLC)
syrup: IR (CHCl3) 1725 cm™; NMR (CDCly) 6 1.34 (s, 3, CHy),
1.50 (g, 3, CHy), 3.35 (s, 3, OCHj), 4.35-4.98 (m, 5, H-2, H-3, H-4,
and H-5), 5.02 (s, 1, H-1), 8.32 (s, 4, Ar H).

Isobutyl p-nitrobenzoate (1b) and methyl p-nitrobenzoate
(1¢) were prepared as for la in 89.5% and 91% yields, respec-
tively. For 1b: mp 68-68.5 °C (lit.'® mp 68.5-69 °C); IR (CHCl,)
1725 cm™; NMR (CDCly) 6 1.05 (d, 8, J = 7 Hz, CHj), 2.71 (nonet,
1,J =7Hz, CH), 417 (d, 2,J = 7 Hz, OCH,), 8.20 (d, 2, J4p =
9 Hz, Ar H), 8.26 (d, 2, Jar = 9 Hz, Ar H). For lc: mp 94.8-95.3
°C (lit.” mp 95.3-95.9 °C); IR (CHCl3) 1720 cm™!; NMR (CDCly)
6 3.98 (s, 3, OCHy), 8.20 (d, 2, Jop = 9 Hz, Ar H), 8.26 (d, 2, Jxs
= 9 Hz, Ar H).

Methyl p-Nitrobenzoate (11). To 1.67 g (10 mmol) of o-
nitrobenzoic acid in 20 mL of acetone was added a solution of
CH;N;, in Et,0 until N, evolution ceased. After treatment with
decolorizing carbon (Nuchar C190-N), the acetone was evaporated
to give a syrup, which was chromatographed on a 1.5 X 20 cm
column of silica gel with CHCl; to give 1.73 g (95.5%) of 11 as
a homogeneous liquid: IR (CHCl,) 1738 cm™!; NMR (CDCl,) 6
3.97 (s, 3, OCHy), 7.57-8.03 (m, 4, Ar H).

Reactions of Alkyl p-Nitrobenzoates with Sodium Azide.
Solutions of 1.0 mmol of 1 in 3 mL of dry DMF were treated with
NaNj according to the conditions in Table I. The solvent was
removed, and the residues were washed with CH,Cl, to dissolve
2-4 and 1 and filtered. The filter cakes were treated with 5 mL
of 10% HCI and extracted with CH,Cl, to isolate 5 and 7. The
remaining aqueous layers were evaporated to dryness, and the
residues were treated with EtOH to isolate 6 as its hydrochloride
salt,

Analysis of the mixture of 2¢, 3¢, 4¢, and 1e: NMR (CDCl,)
4 3.83 (s, OCHj; of 4¢), 3.90 (s, OCH; of 3¢), 3.98 (s, OCHj of 1¢
and 2¢), 6.66 (d, J53 = J5¢ = 8.3 Hz, H-3 and H-5 of 4¢), 7.05 (d,
Jos = J56 = 9 Hz, H-3 and H-5 of 3¢), 7.82 (d, H-2 and H-6 of
4c), 8.02 (d, H-2 and H-6 of 3¢), 8.20 (d, J4g = 9 Hz, Ar Hof 1c
and 2c¢), 8.26 (d, Jag = 9 Hz, Ar H of 1c and 2¢).

After treatment of the mixture of 2¢, 3¢, 4¢, and 1c with Ph,P,
the 6 7.05 peak from 3c disappears with the appearance of a new
peak at 6 6.78 (d, Jy3 = J55 = 9 Hz, H-3 and H-5 of 8¢) and a
weakening of the AB quartet doublets at 6 8.20 and 8.26. The

(15) Pfanstiehl Laboratories, Inc., Waukegan, IL.
(16) W. Adamson and J. Kenner, J. Chem. Soc., 286 (1935).
(17) D. L. Legge, J. Am. Chem. Soc., 69, 2079 (1947).
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aromatic hydrogen envelope from the PhyP=N moiety blankets
the 4 7.2-8.0 region.

Likewise, treatment of the mixtures of 2¢ and le, derived from
esterification of 5¢ and 7c¢ with diazomethane, with Ph;P causes
a weakening of the AB quartet doublets at 4 8.20 and 5 8.26 with
a concomitant appearance of a new peak at 6 6.78.

The NMR spectra of the product mixture from 1b before and
“fter treatment with PhyP are very similar to those from le except
for the somewhat more complex nature of the alkyl region due
to the greater multiplicities for the isobutyl group resonances.

The NMR spectra of the product mixtures from 1a before and
after treatment with Ph,P are again very similar in the aromatic
region to those from le but are considerably more complex in the
alkyl region due to the carbohydrate moiety.

Pure Ph;P=NC;H,CO,i-Bu [8b: mp 151.6-153.1 °C; NMR
(CDCly) 6 0.98 (d, 6, J = 7 Hz, CH,), 2.00 (nonet, 1, J = 7 Hz,
CH), 4.01 (d, 2, J = 8 Hz, CH,), 6.72 (d, 2, J,3 = J 55 = 9 Hz,
H-3 and H-5), 7.25-8.00 (m, 17, H-2, H-6, and Ph;P)] and pure
Ph,P==NCgH,CO,Me [8¢c: mp 148.5-149.5 °C; NMR (CDCly) &
3.80 (s, 3, OCH,), 6.78 (d, 2, J53 = Js¢ = 9 Hz, H-3 and H-5),
7.25~8.00 (m, 17, H-2, H-6, and PhP)] were isolated in small
quantities after treatment of the reaction mixtures from 1b and
le, respectively, with Ph;P.

Anal. Caled for CygHysNO,P (8b): C, 76.8; H, 6.2; N, 3.0.
Found: C, 76.6; H, 6.4; N, 3.1. Calcd for CosHy,NO,P (8¢): C,
75.9; H, 5.4; N, 3.4. Found: C, 75.7; H, 5.3; N, 3.5.

Pure p-H,NC¢H,CO,-i-Bu [4b: mp 63-64.5 °C (lit.'®* mp 65
°C); NMR (CDCl,) 6 1.02 (d, 6, J = 7 Hz, CHj3), 2.03 (nonet, 1,
J =7Hz, CH), 397 (d, 2, J = 7 Hz, CHy), 6.53 (d, 2, Jy3 = J54
= 8.3 Hz, H-3 and H-5), 7.78 (d, 2, H-2 and H-6)] and pure
p-H,NC.H,CO,Me [4c: mp 106.1-107.2 (lit.”* mp 112 °C); NMR
6 3.83 (S, 3, CHg), 6.66 (d, 2, Jg,a = J5,6 =8.3 HZ, H-3 and H'5),
7.82 (d, 2, H-2 and H-6)] were isolated by hydrolysis of 8b and
8c, respectively, with 10% HCl.

Reactions of Alkyl p-Nitrobenzoates with Sodium Alk-
oxides and Potassium Thiophenoxide. Solutions of 1.0 mmol
of 1 in 3 mL of dry DMF or Me,SO were treated with RONa or
PhSK under the conditions in Tables III, IV, and/or V. The
solvents were removed, and the residues were extracted with
CH,Cl,. The CH,Cl, extracts were combined and evaporated to
dryness, and the residues were then analyzed from their NMR
spectra, except for the PhSK reactions where the products were
isolated by chromatography on silica gel (necessitated by the
presence of PhSSPh). The residues remaining from the CH,Cl,
extractions were treated with 10 mL of 10% HCl and evaporated
to dryness. The resulting residues were treated with 10 mL of
acetone. After filtration, the filtrates were treated with CH,N,
in Et,0 until N, evolution ceased. The solvents were removed,
and the remaining materials were analyzed from their NMR
spectra, except again for the PhSK reactions.

(18) “Dictionary of Organic Compounds™, 4th ed., Oxford University
Press, New York, 1965, Vol. 2, p 776.
(19) Reference 18, Vol. 1, p 87.

Logue and Han

p-CH;0CgH,CO,CH, (9¢): NMR (CDCly) 6 3.86 (s, 3, ArOCH,),
3.90 (S, 3, COgCHa), 6.95 (d, 2, J2’3 = J5‘3 =9 HZ, H-3 and H'5),
8.04 (d, 2, H-2 and H-6).

p-i-BuOCgH,COy-i-Bu (9b): NMR (CDCly) 6 1.03 (d, 12, J =
7 Hz, CHjy), 2.07 (nonet, 1, J = 7 Hz, CH), 2.10 (nonet, 1,J = 7
Hz, CH), 3.77 (d, 2, J = 7 Hz, ArOCHy,), 4.08 (d, 2, J = 7 Hz,
COzCHz), 6.94 (d, 2, szg = J5,6 =9 HZ, H-3 and H-5), 8.05 (d, 2,
H-2 and H-6).

p-PhSC¢H,CO,CH,; (9a): NMR (CDCly) § 3.90 (s, 3, OCHj),
7.24 (d, 2, Jy3 = J5¢ = 9 Hz, H-3 and H-5), 7.35-7.62 (m, 5, PhS),
7.93 (d, 2, H-2 and H-6).

Reactions of Methyl o-Nitrobenzoate (11) with NaOMe,
NaNj,, and KSPh. Solutions of 181 mg (1.0 mmol) of 11 in 3 mL
of dry DMF were treated with NaOMe, NaN3, or KSPh according
to the conditions specified in Table V. After the solvents were
removed, the residues were extracted with CH,Cl,, and the CH,Cl,
extracts were evaporated to dryness. The residues were then
chromatographed on 1.5 X 40 ¢m columns of silica gel with CHC,
and analyzed from their NMR spectra. The materials that re-
mained after the above CH,Cl, extractions were treated with 10%
HC], and the solutions were evaporated to dryness. The residues
were then washed with acetone, and the acetone washes were
treated with CH,N, in Et,0 until N, evolution ceased. The
solvents were removed, and the residues were analyzed from their
NMR spectra.

0-CH,0C;H,CO,CH;: NMR (CDCly) 8 3.91 (s, 3, OCHy), 3.92
(s, 3, OCHy), 7.02 (td, 1, J55 = Jy5 = 7.5 Hz, J53 = 1 Hz, H-5),
7.03 (dd, 1, J3,4 =175 HZ, J3,5 =1 HZ, H-3), 7.52 (td, 1, J3,4 = J4,5
=175 HZ, J4,6 =15 HZ, H‘4), 7.84 (dd, 1, J5,6 =75 HZ, J4,6 =15
Hz, H-6).

0-PhSCgH, CO,CH;: NMR (CDCly) 6 8.97 (s, 3, OCH,). 6.88
(dd, 1, J3, = 7.5 Hz, J;35 = 2 Hz, H-3), 7.02-7.72 (m, 7, H-4 and
H-5, PhS), 8.08 (dd, 1, J;55 = 7.5 Hz, J,4 = 2 Hz, H-6).

Reaction of p-Nitrobenzoyl Chloride with NaOMe. To
185 mg (1.0 mmol) of p-nitrobenzoyl chloride in 3 mL of dry DMF
at 97 °C was added 189 mg (3.5 mmol) of NaOMe. After 1 min,
the solvent was removed, and the residue was separated as for
1c to give 118 mg (71%) of 9¢, 18 mg (10.7%) of 10c, and 27 mg
(15%) of lc.

Acknowledgment. Financial assistance from tthe
American Cancer Society (Grant No. CH-72) is gratefully
acknowledged.

Registry No. la, 76479-97-5; 1b, 99-78-5; le¢, 619-50-1; 2a,
76479-98-6; 2b, 76479-99-7; 2¢, 20442-96-0; 3a, 76480-00-7; 3b,
76480-01-8; 3¢, 5320-91-2; 4a, 76480-02-9; 4b, 94-14-4; 4c, 619-45-4;
5, 6427-66-3; 6, 150-13-0; 7, 62-23-7; 8b, 76480-03-0; 8¢, 31641-61-9;
9a, 40730-41-4; 9b, 76480-04-1; 9¢c, 121-98-2; 10a, 6310-24-3; 10b,
30762-00-6; 10¢, 100-09-4; 11, 606-27-9; 0-N3;CeH,CO,Me, 16714-23-1;
o-MeOC6H4002Me, 606'45-1; O-CGH5SCGH4C02MG, 67373-13-1, 0-
CsH5SCGH4C02H, 1527-12-4, O'OzNCeH‘C02H, 552'16'9; NaNg,
26628-22-8; i-BuONa, 13259-29-5; MeONa, 124-41-4; PhSK, 3111-
52-2; methyl 2,3-O-isopropylidene-D-ribofuranoside, 53796-88-6; p-
nitrobenzoyl chloride, 122-04-3; Ph,P, 603-35-0; CH,N,, 334-88-3.



