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Acetylation and formylation of 3-phenyl-cyc1[3.2.2]azine derivatives, in the presence of Lewis
acids, have been Investigated. It has been found that the orientation of substitution In 2-carbo-
methoxy-3-phenyl-cyc1[3.2.2]azine for these two reactions, under Identical conditions, is different.

IN a Plojected 5tudy of substituted cyc1[3.2.2}.
azines as pharma<.odynamic agents, it was
found that very little information is avail-

able about the substitution reactions of 3-phenyl-
cyc1[3.2.2]azine~; which prompted a study of their
acetylation and formylation reactions, and the re-
sults are reported in this communication.

Boekelheide et al.1 have described the synthesis
of ] ,2-dicarbomethoxy-3-phenyl-cycl[3.2.2]azine (I)
by the reaction of 2-phenylpyrrocoline2 and dime-
thyl acetylenedicarboxylate in the pre~nce of Pd/C.
We have observed that in this reaction in addition
to I, a compound II, red needles, m.p. 141-2°, is
also formed in the ratio of 4:1 ; which could be sepa-
rated by column chromatography, and had the
following !'p~ctral characteristics: v~~~ cm-I: 1740,
1730; NMR (CDCla)3: 3.46 (s, 3H), 3'55,(s, 3H), 6,56
(t with further splitting, 1H, J =6, 2 Hz). 6.73 (s,
IH), 6.85 (t with further splitting 1H, J=7, 1 Hz),
7.26-7.66 (m, 7H); m/e: M+ 335, 320 (M+-] 5), 276
(M+-59), 275 (i\I+-60), 244 (M+-9]), 2]7 (M+
-118). NaBH4 reduction of II selectively reduced
one double bond to give III, m.p. ]44° (EtOH);
NJ\iIR (CDCI3)3: 2.61 (q, 1H, J =18, 4 Hz), 3.61 (q
two arms of which we.remerged with OCHa.protons,
J=18, 10 Hz), 3.70 (s, 3H), 3.78 (s, 3H), 5.03 (q,
J=10, 4 Hz), 6'50-8.33 (m, 10H). The data pre-
s€.nted above conveniently fit in structures II ar,d
III for the compounds.

I on basic hydroly~is yielded the diacid IV which
on pyrolysis furnished a monoacid V, m.p. 184-85°
(EtOH-H20); v~~ cm-I: 1675. V was not identical
with the monaacid'VII, obtained by the n'action
of methyl propiolate and 2-phen ylpyrrocoline in
the presence of Pd/C followed by basic hydrolysis.
From the m€'chanism of addition of methyl propio-
late in cyc1oadditions3-7, it is certain that the struc-
ture of VI is a5 shown in the formula. Therefore,
V must have the carboxyl group at position-2, and
during decarboxylation of IV the carboxyl group
at position-l has be6n lost. From MO calculations
on cycl[3.2.2]azinesa.position-1 is considered to have
a higher el6ctron density than position-2. How-
ever our results on decarboxylation are contrary
to this and it appetlrs that in 3-phenyl-cyc1[3.2.2j-
azine position-1 has lower electron density than 2,
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since in aromatic systems decarboxylation is more
facile at position of lower electron density. V on
treatment with MeOH/HCI gave methyl ester VIII,
m.p. 60° (EtOH);" v~~~cm-1: 1740.

" VIII on treatment with AC20/SnCI4 in sym-
C2H2Cl4gave a mixture of two compounds IX and
X, which were separated by chromatography on
silica gel-G column using CsHs and CHCla as
eluants. The less po)ar compound IX, m.p. 146-7°
(CsHs-hexane) contains one acety) group; v~~~cm-1:
]750, 1660; ~~H nm: 245, 266, 339; NJ\iIR (CDCJa)
3: 2.75 (s, 3H), 3.95 (s, 3H), 7.30-7.86 (m, 8H), 8.26
(q, ]H,J=7'5, 3 Hz);mle: M+ 317,303 (:\'l+-CH2),
302 (M+-CHa), 286 (M+-OCHa), 272 ()1+-HC02),
2]5 (:\l""-CaH6), 15~ (M+-CaHs-CsH4)' On
hydrolysis and decarboxylation IX gave a mono-
acetyl compound XI, m.p. 106° (hexane); v~~~cm-I:
1640; ~~H nm: 241, 267, 297, 336; ~:\IR (CDCI)3
3: 2.76 (s, 3H), 7.35.:8.25 (in, 9H), 8.43 (q. 1H, J =8,
4 Hz), different from XIII, m.p. 87-8° (hexalle);
v~~: cm-I: 1625; ~:~H nm: 248, 265, 286, 317; N~IR
(CDCla)3: 2.41 (s, 3H), 7.33-8.03 (m, 9H), 8,53 (q,
IH, J =6, 3 Hz), obtained by ~ame st:ries of reac-
tions on VI. VI can.be acetylated only in position
4 and the acatyl compound obtained after decar-
boxyla tion must' be 3-phen yl-4-acetyl-cyc1[3.2.2]-
azine (XIII) and IX, therefore, must be 1-acetyl-
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t.A(c~h 2 e OH. Hcl; 3. Bu."O.CHClz,snct.,CH ci ~4' OH-,
THEN A; 2 2

5. AC20, SnC~,Sym<2H2ct4

2-carbomethoxy-3-phenyl-cycJ[3.2.2)azine*. X, the
more polar compound, m.p. 1560 (CeHe); v~~~cm-1:
1750, 1670 (broad); }.~~~Hnm: 241, 276, 330; NMR
(CDCla)8: 2.23 (5, 3H), 2'75 (5, 3H). 3,56 (5, 3H),
7'5~ (5, 5H), 8.00 (t, 1H, J=8 Hz). 8.56 (d, 1H, J
= Hz), 8'43 (d, IH, J =7 Hz), contains two acetyl
group!:>. As the 3-phenyl group appeared as a sharp
!:>inglE'tin the NMR. the second acetyl group must
also be in the cycl[3.2.2)azine rin~, ahd X, then-
fore, is 1,4-diacetyl-2-carbomethoxy-3-phenyl-cycl-
[3.2.2)azine. On decarbomethoxylation X yielded
XII, m.p. 1600 {hexane); v~~ cm-1: ]660 (broad);
NMR (CDCla)8: 2.38 (5, 3H), 2.70 (5, 3H), 7.50-
7.83 (m, 5H), 7.93 (5, ]H), 8.05 (d, ] H, J =7 Hz),
8.46 (d, 2H, J =7 Hz).

Ion acetylation, under similar conditions, furnish-
ed 1,2-dicarbomethoxy-3 -phen yl-4-acetyl-cycl[3.2.2)-
azine (XIV), m.p. ]610 (EtOH); v~~~cm-1: 1750,1710
1700, 1650; ~H nm: 267, 273, 325; NMR (CDCla)
8: 2.25 (5, 3H), 3.63 (5, 3H), 4.01 (5, 3H), 7.56 (5, 5H),
7.96 (t, 1H, J =8 Hz), 8'45 (t with Mer splitting, 2H,
J =8'5, 1 Hz). XIV after removal of ester groups
yielded a monoacetyl compound, idEntical with
XIII, confirming the structure assipned to it above.
XIII forms an oxime XIX, m.p. 1630 (EtOH), v~~~
cm-1: 3100. (broad), 1610, but does not form Schiff's
ba!:>e.

I on formylation using dlcll10romethyl n-butyl
E'thE'rand SnCl, (ref. 9), yieldEd 1,2- dicarbomethoxy'
3-phmyl-4-formyl-cyc1[3.2.2)azine (XV), al.p. 1460
(:\leOH); v~~ em-I: 2820, 1730, 1700, 1680, 1650;
~:~H nm: 245 (shoulder). 275, 330; NMR (CDCIa)

-The marked shielding of C-CHa signal (2'418), due to
II
o

adjacent phenyl ring, in the NMR spectrum of XIII and
~e appearance at the usual position of. these protons (2'768)
In the case of XI, supports the above assigned structures.
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8: 3.80 (5, 3H), 4.03 (5, 3H), 7.43-7.83 (m, 5H) 8.06
(t, 1H, J =7 Hz), 8.53 (t, 2H, J =8 Hz), 10.26 (;, ]H
Rfmoval of fster groups from XV, yiE'lded XVI
m.p. 1420 (hexane); v:~~ cm-1: 2820, 1680, 1650:
Formylation of VIII, under identical conditions gaVt'
a mixture of two monoformylated products XVII
and XVIH, which were separated by chromato-
graphy over neutral ~Oa column, using CeHe and
CHCla as eluants. The less polar compound XVII,
the major product, m,p. 1560 (CeHe-hexane); NMR
(CDCla)8: 3'70 (5, 3H), 7.50-7.90 (m, 5H), 8.00-8,20
(m, 3H). 8.71 (q, 1H, J =7, 2 Hz), 10.21 (5, IH), on
decarbomethoxylation gave a monoformyl cOm-
pound identical with XVI and is thus 4-formyl deri-
vative of VIII. The rr.ore polar compound XVIII,
m.p. 1800 (CeHe); v~~~ cm-1: 1730, 1640, 1620;
NMR (CDCla)8:3.78 (5, 3H), 7'50-8'11 (m, 8H),8'70
(q, IH, J=6, 4 Hz), 10.91 (5, IH) must, thE.Iefore,
be the I-formyl derivative.

XV on rE'acting with C2H5N02.N~,OAc/AcOH
gave a mixture of thrE'e compounds, which were
separated by chromatography over neutral Al203
column and two of these could be characterized.
Elution with CeHe furnished XX, m.p. 181-20
(CeHe); v~~~cm-1; 1745. 1720, 1640, 1530. 1350; while
elution \\ith CHCla gave XXI, m.p. 143-40 (EtOH);
v~~~ Cm-1; 1740, 1720, 2240. Further elution of
column with MeOH' yielded an unstable, highly in-
soluble compound which could not be characterized.

The NMR spec.tra of the compounds \\ere in
agreement \\ith the structure.'. assigned. There are,
however, a few special features of the NMR spectra,
which need comment. 3-Phenyl group could shield
the ortho CO-CHaor CO-H signals, whic.h was re-
lativEly more marked in 2-carbomethoxy compounds
(X, XIV, XV and XVII), suggesting that with a
peri carbomethoxy group tht phfnyl ring can be
accommodatE'd only by taking a position p('rpendi-
cular to the plane cf the molecule, thus causing
marked deshielding of the O--.c-CHa or C-H

II II
o 0

protons. This fact could be used for deciding the
position of the substituents in the molecule. In
compounds having an ,acetyl, formyl or carbo-
methoxy group in positions 1 and/or 4 the peri protons
of the pyridine ring were deshielded; in cc'mpounds
having one such substituent, the peri proton app(ared
as a quartet, with J values varying from 2-3.5 and
5-8 Hz. This could be due to an o-coupling of 5-8
Hz and a m-coupling of 2-3.5 Hz, the latter appears.
abnonnally high. . The possibility of this quartet
being due to a three proton spin system cannot at
present be ruled out, and is beiI'g investigated. The-
structure of a typical' quartet of XVI in its N)IR
is shown in Fig. 1. In cases where substituents
were prt'sent ill both positions-1 and 4, the signal
for peri protons-5 and 7 was a triplet, appeared to
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Fig. 1 - Structure of the typical quart et in the ~]'JR of XVI ~
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be formed from two overlapping doublet::; of ] vary-
ing from 7-8 Hz. These couI?1ings of this triplet
could be dbcerned in the 6-H signal, which appeared
relatively upfield as a triplet. The signal for phenyl
group appeare.d as a multiplet in every case except
for compounds X and XIV, which had an a-acetyl
and a peri carbome-thoxygroup. We have not bEen
able to find any special reason for the phenyl aro-
matic protons appearing as a singlet in thEse two
casEs.

Experimental Procedure

All thE compounds have been routinely chfcked
by elemental analysis, TLC, IR, UV and NMR.
The NMR spectra were recorded on Varian A60D
model, using TM:, as an internal standard, and thE
chemical shift values are Expressed in 8 units.
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