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The reactions of 2,4-bridged meta cyclophanes of type 1 and 2, containing syn- and anti-p-toluenesulfonyloxy
groups (la and 2a) and syn- and anti-bromine atoms (1b and 2b) at a benzylic carbon atom in the highly con-
strained methylene bridge, with a variety of reagents normally employed to effect substitution or elimination
reactions are described. The behavior of these compounds is atypical of aliphatic benzyl substituents, which is
a consequence of the steric constraint of the fused methylene bridge. The derivatives are highly resistant to bi-
molecular substitution and elimination reactions and also to ionization reactions. Under forcing conditions ioniza-
tion reactions can be effected which are highly stereospecific in the syn series with retention of configuration.
With silver acetate solvolyses of hoth 1b and 2b are stereospecific (Sxi).

The availability of the meta cyclophanes (pyridino-
phanes) la,b and 2a,b, of known stereochemistry,® has
prompted us to investigate in more detail the reactivity of
side-chain substituents in these rigid systems. Models
show that the back sides of the bridge methine carbon
atoms in 1 and 2 are severely shielded to Sn2 reactions;
furthermore, change in hybridization of these carbon

a Cl
N N
(CHy)s (CHyp)s
NP --H NZ Y--X
H
la, X = p-CH,C;H,S0,0 1f, X = OCOCH, 2
b, X =Br g, X =0CH
¢, X=H
d, X=0H (0]
e, X =0C,H; h, X =0CH;,

atoms from sp3 to sp?, which might be expected for Sn1
type reactions, would not be favorable since such change
in geometry would introduce additional strain into the
tightly compacted and rather rigid methylene bridge.
Lack of reactivity of such substituents was previously
noted by the recovery of 1d and 2d unchanged from hot
hydrobromic acid.4

Reactions of syn- and anti-1-p-Toluenesulfonyloxy-
12,13-benzo-16-chloro[10]1(2,4)pyridinophane (la and
2a). A. With Formic Acid-Water. Reaction of the anti
tosylate 2a in the highly ionizing solvent 90% formic acid-
water was slow, but was complete after 48 hr at the reflux
temperature. The crude product, which contained only
anti alcohol 2d contaminated with anti formate 2g (tlc
and nmr), was hydrolyzed with potassium hydroxide in
methanol to remove formate, and the product thus ob-
tained was analyzed by tlc and by isolation of products.
The only product formed (~100% by tle, 79% by isola-
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tion) was anti alcohol 2d; no syn alcohol 1d and no more
than possible trace quantities of reduced cyclophane lc
were produced (tlc).

Similar results were obtained by reaction of the syn tos-
ylate la with 90% formic acid under the conditions de-
scribed for 2a. Conversion to 1d (100% tlc, 87% isolated)
occurred with complete reaction of configuration; tle con-
firmed that no detectable quantities of the anti alcohol 2d
were produced.

Complete retention of configuration in these solvolysis
reactions is consistent with two explanations: (A) ioniza-
tion occurs to give carbonium ions or ion pairs which,
owing to structural constraint, retain their stereochemis-
try during solvolysis, or (B) conversion of 1a and 2a to the
corresponding alcohols occurs by acid-catalyzed solvolysis
of the sulfur-oxygen bond.5 While no unequivocal decision
can be made at this time between these two alternatives,
support for B was obtained by studies of the behavior of
carbonium ions or ion pairs derived from the related syn
and anti bromides 1b and 2b, which is discussed subse-
quently in this report.

B. With KOH-Methanol. The anti tosylate 2a was
quite stable to potassium hydroxide in methanol; after 20
hr at the reflux temperature only low conversion to prod-
uct was observed. The only product present in the reaction
mixture other than recovered 2a was the anti alcohol 2d
(20%); no syn alcohol 1d or ethers 1h or 2h were detected
(tle). :

Similar results were obtained with the syn tosylate la.
Analysis of the mixture obtained after 1a was treated for
24 hr at the reflux temperature with methanolic potassi-
um hydroxide showed the presence of unchanged la (61%
recovery, pure) and syn alcohol 1d (28% yield, pure); no
anti alcohol 2d or ethers were detected (tic). It was signif-
icant to note that the recovered tosylate (63% recovery)
from this reaction was pure 2a, with no evidence for ep-
imerization to la which could occur through a possible
carbanion intermediate at the methinyl carbon atom.®

Complete retention of configuration of the alcohols ob-
tained from la and 1b confirmed that no SN2 substitution
occurred; the alcohols 1d and 2d were most likely formed
by sulfur-oxygen bond cleavage.?

C. With Other Nucleophiles. It was apparent from B,
above, that both Sn2 and/or E2 reactions of tosylates la
and 2a must have high energies of activation, the former
because of hindrance at C-1, and the latter because elimi-
nation would introduce two sp? carbon atoms into the
strained system. This conclusion was further corroborated
by the complete lack of reactivity (96% recovery after 30
hr) of both tosylates la and 2a with the strong nucleo-
phile thiourea in hot 95% ethanol containing enough diox-
ane to ensure homogeneity. Reactions of undetermined
nature could be effected with tosylates la and 2a with nu-
cleophiles in' aprotic solvents under severe conditions;
however, even under drastic conditions the tosylates are
remarkably unreactive. Thus, anti tosylate 2a (0.53
mmol) was recovered largely unchanged (91%) after treat-
ment with a solution of sodium cyanide (1.3 mmol) in di-
methyl sulfoxide (10 ml) at 100° for 24 hr. Similarly, anti
2a was recovered unchanged (>50%) after similar treat-
ment at 100° for 48 hr.8

Reactions of syn- and anti-1-Bromo-12,13-benzo-16-
chloro[10](2,4)pyridinophane (1b and 2b). A. With Nu-
cleophiles. Reaction of syn bromide 1b? under conditions
normally employed to effect SN2 or E2 reactions with or-
dinary alkyl halides corroborated the lack of reactivity ob-
served for the tosylates 1a and lb. Thus,; 1b was recovered
largely unchanged (84% pure) after treatment with glacial
acetic acid containing potassium acetate at the reflux
temperature (20 hr). Furthermore, there was little or no
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reaction of 1b with lithium chloride in hot (100°) di-
methylformamide (16 hr, 86% recovery), or with thiourea
in boiling 95% ethanol-dioxane (48 hr, 99% recovery). The
reaction with sodium ethoxide in ethanol, which showed
formation of a trace of product after 4 hr (tlc), was al-
lowed to continue for 115 hr to give a mixture containing
one major and two minor components. The major product,
obtained pure in 71% yield, was not a substitution prod-
uct, but rather the reduced cycophane 1¢.l° The two
minor products (~5 and 6%, respectively) had the same
R;¢3 values as syn and anti ethers le and 2e, respectively;
however, they were not further characterized.!?

It is clear from these results, together with those de-
scribed for the tosylates la and 2a, that bimolecular sub-
stitution and/or elimination reactions on carbon do not
occur readily if at all in these cyclophane systems.

B. With Silver Acetate in Acetic Acid. The syn bro-
mide 1b reacted slowly with silver acetate in hot glacial
acetic acid. The reaction was complete after 48 hr and the
syn acetate 1f, isolated as the alcohol (~100%), was the
only product observed; careful analysis (tlc) showed that
no anti alcohol was present. Similar results were obtained
with the anti bromide 2b; the only product formed was
the anti acetate (isolated 74% yield).

The complete stereospecificity of these reactions is con-
sistent with the conclusion that the reactions are effec-
tively concerted (Sni) or that the ion pairs formed in
these rigid systems have a high energy barrier to rehybrid-
ization. ‘

C. With Formic Acid. The syn bromopyridinophane 1b
was observed to react slowly with hot formic acid (90%).
The reaction, which was monitored by tlc, was quenched
after 10 days. The resulting mixture contained two minor
components (~2 wt % each) and three major components,
which were identified as unchanged bromide (23%), re-
duced cyclophane lc (27% based on recovered 1b), syn al-
cohol 1d (60% based on recovered 1b), and no more than a
trace, if any, of anti alcohol. The recovered halide was
mostly unchanged 1b; however, both nmr and tlc indicat-
ed that some (~10% of bromide) epimeric bromide 2b
was present. We believe, at this time, that the reaction
occurs by a process formally represented as shown in
Scheme 1. We tentatively suggest that the initial produce
formed in this reaction is the tight ion pair 3a, which can
slowly rearrange to the epimeric ion 3b; either 3a or 3b
can collapse to regenerate halide (1b and 2b, respective-
ly). The solvolysis studies to be described subsequently
with the anti bromide 2b offer little support for a common
planar carbonium ion derived from 1b and 2b.

The solvent-separated ion pair 4 (Scheme I) provides a
logic for the formation of both lc and 1g (or the alcohol
1d). Formic acid is a good reducing agent!? and either hy-
dride transfer to le or solvolysis to 1g are reasonable
paths.

An alternative route for the formation of reduced prod-
uct 1e would involve intramolecular hydride transfer from
the formate as shown in 1g (path B) of Scheme I; such re-
duction would be formally analogous to the Clarke-Es-
chweiler reaction.13 If this alternative was the correct one,
prolonged treatment of the syn and anti alcohols with hot
formic acid, either with or without added hydrogen bro-
mide, should lead to reduction in yield comparable to that
observed during the formolysis of the syn bromide 1b.
This was not observed experimentally. Thus, reaction (240
hr) of syn alcohol 1d with hot (130°) formic acid (90%)
containing 1 equiv of hydrogen bromide gave a mixture of
unchanged 1d and syn formate 1g; no reduction to lc or
epimerization to 2d occurred. Similar results were ob-
tained with the anti alcohol 2d; under the same condi-
tions formate formation (2g) was observed but no more
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than a possible trace of reduction to lc or epimerization
to 1d occurred. Reactions of syn and anti alcohols (240 hr)
with hot (130°) formic acid (90%) in the absence of added
mineral acid lead to mixtures of alcohols and formates,
but to only low yields (~2% and 6% from 1d and 2d, re-
spectively) of reduced product le. The low yields of re-
duction to le in these experiments are in sharp contrast to
the relatively high yield of reduction noted during the for-
molysis of 1b, an observation more consistent with path A
than path B.

The reaction of the anti bromide 2b with hot (130°) for-
mic acid (90%) was much slower than with the syn bro-
mide 1b and gave significantly different results; after
twice the reaction time used for 1b, the product obtained
from 2b contained 28% unchanged 2b, no more than a
possible trace of syn bromide 1b, 11% of anti alcohol 2d,
36% of the epimeric syn alcohol 1d, and 19% of reduced
material le.

The contrasting results obtained for the formolysis of
syn and anti bromides 1b and 2b provides rather convinc-
ing evidence that a free planar carbonium ion is not in-
volved as a common intermediate for formolysis of 1b and
2b. Clearly the ion pair 3b, derived from 2b, does not
maintain its stereochemical identity, nor does the ion pair
3a. The anti bromide 2b is clearly more stable to solvoly-
sis than the syn bromide la. The product distribution,
which favors formation of syn products, is consistent with
the conclusion that either: (a) the rearrangement of halides
1b and 2b, presumably through 3a = 3b, favors formation
1b (possibly for steric reasons), or (b) the equilibrium 3a
= 3b favors 3a (possibly due to the lone pair on nitrogen).

Attention should also be called to the product distribu-
tion obtained when the syn and anti alcohols 1d and 2d
were treated for prolonged periods with hot (130°) formic
acid (90%). Reaction of syn 1d for 162 hr gave a mixture
containing unchanged 1d (91%), syn formate lg (5.5%),
and a small amount of reduced pyridinophane l¢ (~2%).
By contrast, reaction of anti alcohol 2d for 240 hr gave a
mixture containing unchanged 2d (52%), anti formate 2g
(30%), 1g (~6%), and epimeric alcohol 1d (~10%). Thus,
as in the solvolysis of the bromide 1b and 2b, the reaction
of the anti alcohol with formic acid is slower than that
with the syn isomer, and that syn products are favored.

An alternative explanation for the result described above
for the solvolysis of bromides 1b and 2b in hot formic acid
is that substitution is stereospecific and that isomeriza-
tion 1b = 2b occurred by a thermal reaction involving
rotation of the bridge to the other face of the aromatic
ring rather than epimerization caused by carbon-bromine
bond cleavage. However, available evidence does not sup-
port this possibility. If thermal isomerization was ef-
fecting product distribution then similar product distribu-
tions should be observed during solvolysis of both ib and
2b. More compelling, however, is the observation that the
hydrochloride salts of the alcohols 1d and 2d were stable
and underwent no interconversion when heated in formic
acid for extensive periods (10 days). In these cases carbon-
oxygen bond cleavage (carbonium ion formation) is in-
hibited by the positively charged nitrogen atom; no chem-
ically or thermally induced epimerization was observed.

That thermal isomerization of 1b = 2b was not occur-
ring was also suggested by studies of the thermal behavior
of 1b and 2b in boiling xylene (9 days, N2 atmosphere).
Both samples darkened appreciably which suggested ther-
mal instability; however, the syn bromide was recovered
in 82.3% yield; no epimerization to 2b was observed (by
nmr). The anti bromide 2b was, however, completely de-
stroyed by such treatment and the principal product
formed (>50% yield) was reduced cyclophane lc (possibly
formed by a radical process involving homolytic cleavage
of the C-Br bond with subsequent abstraction of hydrogen
from solvent). The crude product contained none of the
stable epimeric bromide 1b; consequently, there is no evi-
dence for thermal equilibration of 1b and 2b.

Experimental Section -

Analysis. By proper choice of conditions it is possible to ana-
lyze mixtures of most of the pyridinophanes by tlc on silica gel.
Using petroleum ether (bp 60-90°) and ether (1:1) the following
Ry values were observed: 1a (0.34), 1b (0.65), 1c (0.57), 1d (0.48),
1f (0.40), 1g (0.37), 2a (0.37), 2b (0.63), 2d (0.16), 2f (0.40), and
2g (0.50). Using petroleum ether-ether (3:1) they were as follows:
la (0.14), 1b (0.51), 1e (0.38), 1d (0.31), 1f (0.21), ig (0.21), 2a
(0.15), 2b (0.47), 2d (0.05), 2f (0.21), and 2g (0.28). For those
cases where tlc was not conclusive because of close R; values (for
example, syn and anti acetates 1f and 2f, anti formate 2g and syn
alcohol 1d, and syn and anti tosylates 1a and 2a), differentiations
were made on the basis of the characteristic® nmr spectrum of the
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methine proton on the bridge; syn acetate 1f and anti acetate 2f
also showed sharp CH3C=0 at § 2.10 and 2.08, respectively.

Preparative separations were performed using Brinkman Silica
Gel PF 254 (2 mm thick plates) with multiple evelopments using
petroleum ether (bp 30-60°)-ether mixtures.

Reaction of syn tosylate 1a® (206 mg, 0.44 mmol) with formic
acid (6 ml, 90%) was carried out for 48 hr at a pot temperature of
130°, after which the mixture was treated with methanol (40 ml)
containing potassium hydroxide (6.2 g, 0.11 mol) for 4 hr at the
reflux temperature. The mixture was diluted with water (40 ml)
and extracted with chloroform. The nmr spectrum of the crude
product (143.6 mg) obtained from the dried (MgS0Oy) chloroform
extract was identical with that of syn alcohol. The product was
purified by preparative tle. Pure syn alcohol 1d (105.7 mg, 84%
yield, mp and mmp 159-160°) was obtained; no detectable quan-
tities of other products were noted.

Reaction of anti tosylate 2a (193.2 mg) with formic acid
under identical conditions gave 130 mg (100% yield) of 2d (mp
and mmp 204-206°).

Reaction of syn tosylate 1a3 (180 mg, 0.38 mmol) with potas-
sium hydroxide (174 mg, 3.1 mmol) in boiling methanol (10 ml)
was monitored by tlc. Reaction was quite slow and after 4 hr little
reaction was noted. After 24 hr the mixture showed two compo-
nents which were separated by tlc, subsequent to removal of sol-
vent and extraction with chloroform, into recovered la (61%
pure) and syn alcohol 1d (28%, pure); no detectable quantities of
2d were formed.

Reaction of anti tosylate 2a® (193 mg) with potassium hy-
droxide in methanol was carried out as described for la with
similar results. After 20 hr there was obtained recovered 2a (61%
yield pure, subsequent to preparative tle and recrystallizatiion)
and anti 2d (20% yield); no detectable quantity of syn la was
formed. .

Reaction of tosylates la and 2a (0.43 mmol) with thiourea
(0.80 mmol) was carried out in 95% ethanol (3 ml) and dioxane (3
ml) for 30 hr at the reflux temperature. Only unchanged reac-
tants were detected (tlc) and recovered.

Reaction of syn bromide 4b (890 mg, 2.3 mmol) with potassi-
um acetate (1.00 g, 10 mmol) in acetic acid (20 ml) was carried
out for 10 hr at 117°, The mixture was diluted with water and ex-
tracted with ether, and the ether extract was washed with aque-
ous sodium bicarbonate (10%) and water. The dried (MgSQ,)
ether extract was concentrated to give recovered 1b (84% pure,
mp and mmp 147-148°),

Reaction of syn bromide 4b (0.51 g, 1.3 mmol) with sodium
-ethoxide in ethanol [prepared from sodium (0.413 g, 18 mg-atoms)
and ethanol (10 ml)] was maintained at the reflux temperature
for 115 hr and then excess alcohol was removed (rotary evapora-
tor). The residue was diluted with ether and the ether was
washed with water and dried (MgSO,.). The residue (444 mg) ob-
tained from the ether was analyzed by preparative tic. Five frac-
tions were noted. The principal product (71% yield, nip and mmp

78-81° ) was reduced cyclophane le. Two other fractions obtained -

in low yield (~6% and 4.5% yields, respectively) had the same R

value as authentic le and 2e; however, no further attempt to -

characerize these products was made.
Reaction of syn bromide 1b (276 mg, 1.64 mmol) with silver

acetate (1.64 mmol) was carried out under nitrogen in beiling .

glacial acetic acid (11 ml) for 20 hr. The mixture was filtered and
the filtrate was diluted with water, neutralized, and extracted
with chloroform. The yellow oil obtained from the filtrate was
heated with potassium hydroxide (2.5 g) in methanol (100 m]) for
8 hr at reflux to hydrolyze the ester. The slightly impure syn 1d
(~100% yield) was recrystallized from chloroform-petroleum
ether (bp 60-80°) to give pure 1d (134 mg, 49% yield, mp and
mmp 160-163°). Analysis of the mother liquor by tlc showed only
one spot corresponding to 1d; no 2d could be detected.

Reaction of anti bromide 2b with silver acetate was carried
out for 22 hr as described for 1b. The reaction mixture was then
treated with saturated NaCl solution, cooled, and filtered, and
the salts were washed with ether. The filtrate was extracted with
5% KOH to remove acetic acid, and the ether solution was then
extracted with saturated ammenium chloride and dried
(MgS0y4). The ether was evaporated (in vacup) to give 73,7 mg of
a white solid, which showed only anti acetate 2f by nmr (a single
methyl resonance at § 2.08; the syn acetate 1f shows resonance at
6 2.10). Recrystallization of this product from ligroin gave 46.1 mg
(74% yield) of syn acetate, mp 143-144°, mmp 145-146°, Exami-
nation of the mother liquor by nmr showed a single methyl reso-
nance at 6 2.08.

Reaction of syn bromide 1b (0.525 mmol) with formic acid (5
ml, 90%) was carried out for 10 days at a pot temperature of 130°.
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The cooled mixture was diluted with water (10 ml).and extracted
with chloroform. The organic extract was washed successively
with saturated sodium bicarbonate and with water (10 ml). Pre-
parative tlc [silica gel developed three times with petroleum ether
(bp 30-60°)-ether (6:1)] showed three major components and two
minor components (~2% by weight each). The major components
were syn alcohol 1d (22% based on recovered bromide, mp 152-
153°, mmp? 153-156°), reduced cyclophane l¢ (20% based on re-
covered bromide, mp and mmp 80-81°); and recovered bromide
(34.6%, mp 140-141°). Examination of the nmr speétrum of recov-
ered bromide confirmed the presence of about 10% epimeric bro-
mide 2b.

The anti bromide 2b was prepared by the reaction of 12,13-
benzo-14-0x0-16-chloro[10](2,4) pyridinophane (1.59 g, 5.00 mmol)
with 25 ml of refluxing acetyl bromide (protected by CaSOQ.
drying tube) for 6 hr. Excess acetyl bromide was then removed by
distillation. The residue was dissolved in.chloroform (25 ml) and
washed with saturated NaHCO3 (15 ml) and water (15 ml). The
dried (Na2S0y4) chloroform solution was concentrated (in vacuo),
yielding 2.1 g of a viscous yellow oil. Column chromatography on
neutral alumina step gradient eluted with petroleum ether-ether
gave two major fracions listed in order of iricreasing R (1) 1,00 g,
(55.6%), a mixture of syn and anti acetates If and 2f; (2) 0.68 g
(35.8%), a mixture of bromides. Preparative tlc of these bromides
showed four principal bands. The band with highest R; was syn
bromide 1b, 42.5 mg, mp and mmp 145-146°. The next highest
fraction was the anti 1-bromide: 181.5 mg (9.5%); mp 152-153°
(from CHCls-petroleum ether); nmr (CDCls) 4 8.14-7.50 (m, 4,
aromatic H), 5.42 (g, X portion of ABX, Jsx + Jpx = 17 Hz, 1,
CHBr), 3.80-3.04 (m, 3, benzylic CHz plus H from bridge), and
2.54 to ~0.30 (m, 15, bridge H). )

Anal. Caled for Ci9H2sNCIBr: C, 59.93; H, 6.08; N, 3.67.
Found: 60.11; H, 5.96; N, 3.50.

Evidence for assignment of anti stereochemistry was obtained
as previously reported.3

The two other fractions (70 and 193 mg, respectively) were not
characterized. i :

Reaction of anti bromide 2b with formic acid (90%) was car-
ried out as described for 1b. The reaction was monitored by tlc
and was much slower than that observed for 1b. The reaction was
continued for 20 days and resolved by preparative tic [silica gel
developed twice with petroleum ether-ether (4:1)]. There was ob-
tained in order of increasing R; (1) anti alcohol 2d (11% based on
recovered halide, mp and mmp 201-203°); (2) trace (not pro-
cessed); (3) syn alcohol 1d (~836% based on recovered halide, mp
and mmp 154-165°); (4) a mixture which was resolved by subse-
quent chromatography [silica gel PF. 254 using petroleum ether
(bp 30-60°)-ether (9:1)] into reduced lc (19% based on recovered
halide, mp 79.5-80°, mmp 81-82.5°) and pure anti bromide 2b
(14%, mp 147-149°); and (5) nearly pure anti bromide 2b (mp
141-145°, combined recovery 27%). The nmr spectrum of this
fraction showed? no more than a trace of syn bromide 1b.

Reaction of Syn Alcohol 1d with Formic Acid. The syn alco-
hol 1d (300 mg, 0.946 mmol) was heated (pot at 130°) in formic
acid (15 ml, 90%) for 162 hr and the mixture was then cooled,
poured into water (50 ml), and extracted with chloroform (40 ml
total). The chloroform extract was washed with saturated sodium
bicarbonate and then with water and was dried (NazSQ4) and
concentrated to a yellow solid (306 mg, mp 149-153°). This solid
was recrystallized [chloroform-petroleum ether (bp 60-90°)] to
give 230 mg (76.5% recovery) of pure (tle, nmr, mp 156-157°) re-
covered syn alcohol 1d. The mother liguor was purified by pre-
parative tle [silica gel developed four times with petroleum ether
(bp 30-60°)-ether (4:1)] to give three fractions.

The band of lowest Ry (19.4 mg, 5.5%) was recrystallized with
little loss from petroleum ether to give syn-1-formyloxy-12,13-
benzo-16-chloro[10](2,4)pyridinophane (1g): mp 122-122.5°; nmr
(CDClg) 6 8.15 (s, 1, O2CH), 8.10-7.40 (m, 4, aromatic H), 6.60
(q, X portion of ABX, Jax + Jpx = 14 Hz, 1, CHOCHO), 3.60-
3.15 (m, 2, benzylic CHz), 2.6-0.2 (m, ~16 H, bridge CH,); ir
(KBr) »c-0 1740 cm—1, yo .y 2880 em ™1, ycoo 1170 cm -1,

Anal. Caled for C20HasNOoCl: C, 69.45; H, 6.99; N, 4.05.
Found: C, 63.65; H, 6.75; N, 4.03.

The second fraction (42.1 mg) was recovered 1d (total recovery
91%). The third fraction (5 mg, 2% yield), obtained as an oil,
crystallized (mp 74-76°) and was shown to be pyridinophane le
by conversion to the picrate (mp and mmp4® 172-173°).

Reaction of anti alcohol 2d with formic acid was carried out
as described for 1d. The mother liquor obtained subsequent to re-
moval of some pure recovered 2d (32%, mp 204-204.5°) by recrys-
tallization from chloroform-petroleum ether (bp 60-90°) was.
chromatographed on a preparative plate [silica gel PF254 devel-



176 J. Org. Chem., Vol. 39, No. 2, 1974

oped with petroleum ether (bp 30-60°)-ether (2:1)] to give two
fractions in addition to  additional pure 2d (total recovery
52%).

The first of these was a mixture (nmr)3 of syn alcohol 1d
(~10% yield by nmr) and anti formate 2g (30% yield) which have
nearly identical R; values. The anti formate, which was unknown,
was purified by recrystallization of this mixture from chloroform-
petroleum ether (bp 60-90°): nmr (CDCl3) 6 8.19 (1, s, O,CH),
8.19-7.58 (4, m, aromatic H), 6.23 (1, X portion of ABX, Jax +
Jrx = 16 Hz, q, CHO2CH), 8.75-0 (broad m, 18, bridge CHs).

Anal. Caled for CooH24NO:Cl: C, 69.45; H, 6.99; N, 4.05.
Found: C, 69.68; H, 7.01; N, 4.04.

The mother liquor from this recrystallization contained (tlc and
nmr) syn alcohol id, anti formate ld, and trace amounts of an-
other material assumed to be syn formatelg.

The other fraction (5.5 mg, 6% yield) was.reduced pyridino-
phane le (mp and mmp*® of picrate 173-174°).

Thermal Stability of Syn and Anti Bromides (1b and 2b). A.
A solution of syn 1b (50.56 mg, 0.133 mmol) in xylene (ACS grade,
0.5 ml) was heated at the reflux temperature under nitrogen for
220 hr. Xylene was réemoved (in vacuo) from the brown, tarry
mixture; the residue showed (nmr) unchanged 2a (8 6.06) and no
epimer 2b (6 5.42). The sample was dissolved in chloroform and
washed with dilute sodium bicarbonate and the product was re-
crystallized from petroleum. ether to give 41.6 mg (82.3% recov-
ery) of 2a, mp 141-142°, mmp 143-144° with material melting at
144-145°.

B. A sample of anti 2b (65.8 mg, 0.173 mmol) was treated in
xylene as described above. The nmr spectrum of the crude prod-
uct showed no 2b (6 5.42) or 2a (§ 6.06) and was quite similar to
that of le. The product was decolorized as above and purified by
preparative tlc [silica gel, petroleum ether-ether (3:1)] to give 26
mg (50% yield) of le (mp and mmp 78-79°).

Registry No. la, 37781-25-2; 1b, 25859-37-4; 1d, 25866-36-8; 1g,
42880-43-3; 2a, 37781-31-0; 2b, 42880-45-5; 2d, 25907-82-8; 2g,
42962-81-2.
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Nitration and Bromination of Isocytosine-6-acetic Acid. Some Corrections?!
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The reported nitration and bromination of isocytosine-6-acetic acid (la) was reinvestigated. Under nitration
conditions, oxidation of 1a occurred to give isocytosine-6-carboxylic acid (12a), instead of the reported 5-nitroiso-
cytosine-6-acetic acid (2a). Consequently, the reported reduction of 2a to 5-aminoisocytosine-6-acetic acid (2b)
may not have occurred. The nitrosation of la produced 6-hydroxyiminomethylisocytosine (11), which could also
be oxidized to 12a by nitric acid. By a modification of the reported preparation of la, the direct preparation of
ethyl isocytosine-6-acetate (1b) was accomplished. Bromination of la at room temperature gave 5-bromoisocy-
tosine-6-acetic acid (13) hydrobromide. However, the reporfted 13 could not be obtained without decarboxyla-
tion of 13 to 5-bromo-6-methylisocytosine (14). Bromination of 1a could also be controlled to give di- and tribro-

mo derivatives of 14.

The preparation of 5-nitroisocytosine-6-acetic acid? (2a)
and the subsequent reduction to -5-aminoisocytosine-6-
acetic acid® (2b) had been reported by Worrall. We de-
sired 2a as a precursor for 5-amino-6-aminomethylisocy-
tosine (4, Scheme I) which we had intended to use as the
key intermediate in an improved synthesis of an isomer of
ethyl pteroate.* Consequently, our isolation of the product
from our attempted nitration of la other than the re-
ported 2a was quite disappointing. We report here our
reinvestigation of the nitration of isocytosine-6-acetic acid
(1a), as well as its bromination as reported by Worrall.2:3

The selection of this mode of preparation of 4 was based
on similar reactions on pyrimidine substrates of slightly
different structures (see Scheme II). Uracil-6-acetic acid
(5) had been shown to nitrosate and spontaneously decar-
boxylate to give 7.5 Similarly, the 6-methyl group activat-
ed by the 5-nitro group of 5-nitrouracil (8) could also be
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