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R.eadion of 3-methyl-2-phenylpyrrocoUne(l) and dimethyl acetylenedicarboxylate(ll) In reftuxing toluene
furnishes cis-7' ,B-dihycJr0.4,5,8,9-tetramethoxycarbonyl-7-phenyl-7' -metby1azoclno(2,1,8-cd]pyrrolizine (llI) and
trans-7' ,8-dihycJr0.4,5,8,9-tetramethoxycarbonyl-7-phenyl- 7' -methyIazodno(2,l,8-cd]pyrrolizine (IV), wlu1e the same
reaction at ambi~t temperature yields 1-[(I,2-trans-dimethoxycarbonyl)vinyl]-3-metbyl-2-phenylpyirocoUne (V) and
1-[(I,2-cis-di(methoxycarbonyl)Yinyl]-3-metbyl-2-phenylpyrrocoUne (VI) as the major products. The structure of IV
has been determined by X-ray aystaUography. A possible mechanism of formation of these products is also discussed.

IT was reported earlier by USl-3that the addition
reactions of substituted pyrrocolines with
dipolarophilesyielded a mixture of cycloadducts

and/or ene-adducts, depending on the nature of
the dipolarophile as well as substitution pattern in
pyrrocolines.Based on these studies, the possibility
that thesereactionsmight proceedby stepwise mecha-
nismsinvolvingionic intermediateshas also been sug-
gested.Presently, we report the results of our studies
of the addition reactions of 3-methyl-2-phenylpyr-
rocoline(1)with dimethylacetylenedicarboxylate(II).

Reaction of I and II in reftuxing toluene gave a
mixture of two products (A) and (B)in the ratio of
3.5 : I along with unreacted I. These were separated
by column chromatography followed by fractional
crystallization. Both the compounds were found to
be I : 2 adducts of I and II as indicated by their
IRt, PMR: and mass spectral data, and elemental
analyses(seeExperimentalfor III and IV).

In the PMR spectra of both A and B, the C-CH3
signals (1.53 and 1.83 respectively) appeared relati-
velyat higher field as compared to the C-CH3 signa)
in J (2.40),indicating the absence of pyrrocoline
structural pattern and the presence of a bridgehead
methyl group; because its position corresponded to
that of a bridgehead methyl group (1.44)4. In the
PMR spectrum of (A), the protons for all the four

. ester groups appeared nearly at the same position
whereasin (B), the protons for one of the four esters
appeared upfield. Addition of equimolar amounts
of Eu(fod)3to the PMR sample of (A) in CDCI3
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resolved the multiplet at 7.93-7.23 into (a) two
multiplets appearing in the regions 7.45-7.83 (3H)
and 8.36-8.71 (2H), and (b) two doublets aU 0.01
(J = 13 Hz, IH) and 10.11 (J = 6 Hz, lH). Addition
of 0.64 mol equivalent of Eu(fodh to the PMR
sample of (B) in COCl:! also simplified the multiplet
centred at 7.73-7.08 into (a) two multiplets appear-
ing in the regions 7.45-7.88 (3H) and 8.05-8.40
(2H), and (b) two doublets at 8.85 (J = 13 Hz, 1H),
and 8.46 (J = 6 Hz, 1H). Appearance of doublets
with a coupling constant, J = 13 Hz, in the spectra
of both the compounds again indicated the absence
of pyrrocoline skeleton in their structure.

On the basis of the above results, it was quite
difficult to assign definite structures to products
(A) and (B). Therefore, in the hope of gaining some
insight into nature of the reaction of I and II and aho
to isolate possible intermediates, if any, a detailed
study of this reaction in different solvents and at
different temperatures was undertaken (Table 1).

When the reaction of I and II was carried out in
toluene at room temperature, (A) and (B) were ob-
tained only in trace quantitie3 and instead two new
adducts, (X) and (Y), were isolated as the minor and
major products, respectively. The same reaction in
methanol at room temperature afforded (X) as the
major and (Y) as the minor products. In nitromethane,
besides (A), (B) and (X) obtained in very small pro-
portions, a new adduct (Z) was isolated as the predo-
minant product.

Molecular weights and elemental analyses revealed
that (X), (Y) and (Z) were 1 : l-adducts; all having
M+ at m/z 349. Compound (X) was found to differ
from (Y) and (Z) in its mobility on silica gel TLC
plate, IR and PMR; (Y) and (Z), though having diffe-
rent IR spectra in the solid state (KBr), had superim-
posable IR spectra in chloroform and identical PMR,
and proved to be dimorphic forms.

On the basis of their IR, PMR, mass and elemental
analyses data (see Experimental), (X) ad (Y) were
assigned structures V and VI, respectively. These
structures found full support in their PMR spectra.
The chemical shifts of C-CHJ protons in V and VI
(2.50 and 2.33 respectively) were comparable to that
of C-CHJ signal in I (2.33), suggesting that C-3
of I is not involved in the reaction. Moreover, the
PMR spectrum of VI in trifluoroacetic acid exhibited
an additional signal at 5.66 (q. J = 7 Hz. lH) and
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splitting of C-CHJ signal into a doublet, 1.43 (J =
7 Hz, 3H), indicating protonation at C-3. This con-
firmed the absence of any substitution at C-3. The
double doublets (7.83, J = 7, 1.5 Hz; 7.70, J = 7,1.5
Hz) and two double triplets (7.00, J = 7, 1.5 Hz; 6.75'
J = 7, 1.5 Hz) in the PMR spectrum of VI wer~
assigned to four protons of the pyridine residue.
Furthermore. all the five protons of the phenyl ring
could be seen in the spectra. Assignments of trans
structure to V and cis to VI were made on the basis
of chemical shift values for vinylic proton; the one
having signal for this proton at relatively higher field
was assigned cis structUre (V, 6.90; VI, 5.85). This
was in accordance with the known upfield appearance
ofvinylic proton in diethyl maleate (6.28) as compared
to diethyl fumarate (6.83)5'6. Additional support to
these structures was obtained from ability of the
diacid, derived after alkaline hydrolysis of VI, to
form the anhydride (VIII), whereas the acid obtained
from V did not form the anhydride.

A significant difference in the relative stability
of the adducts (V) and (VI) was observed. A solution
of V in chloroform on standing at room temperature
for 15 min showed 30 ~~ conversion of V into VI
and after 30 min, this conversion was 70 %. On the
contrary, VI was found to be stable in solution.
These results thus indicated that V was less stable of
the two isomers. The greater stability of VI over
V would appear to be due to greater steric interaction
between phenyl and ester groups in the latter struc-
ture.

The increased yield of V in methanol and that of
VI in toluene suggested that V might be the kineti-
cally controlled product, form~d first in the reaction,
and was stabilized in methanol due to strong solva-
tion? Such stabilization was not possible in toluene
(or other solvents used in the study). where it would
undergo isomerization to the thermodynamically
more stable product (VI).

Compounds (V) a:1d (VI) on treatment with addi-
tional amounts of II in toluene, under reflux for
20 hr, did not form the 1 : 2 cycloadducts (A) and
(B); VI was recovered unchanged while under these
conditions, V gave some new products which were
not characterized. This clearly suggested that V and VI
were not the intermediates in the formation of (A) and
(B). The failure of the above experiments to shed any
more light on the mode of formation of (A) and
(B) and, therefore, on their structures, work on X-ray
analysis of crystals of these c::>mp;>unds was under-
taken. A complete analysis of crystal structure of
(B) was carried out and the structure deduced for the
latter compound is shown in Fig. 1.

X-ray analysis of crystal structure of (B): Bond
lengths and angles - The bond lengths and bond
angles involving the non-hydrogen atoms are given
in Tables 2 and 3. The bond length N-C (13) [1.383
(9) A]is significantly shorter than N-C(9)[1.44(IO)A)
suggesting a partial double bond character for the
N:C(13) bond. As shown in Table 4. there are som~
short intramolecular contacts between the phenyl
ring and the ester group at C-ll. The repulsion bet-
ween these two moieties is reflected in the distribu-
tion of bond angles in this region. The bond angles

TABLE I - EFFECT OF SOLVENT AND TEMPERATURE ON THE
REACTION OF 3-METHYL-2-PHENYLPYRROCOLr.-IE(I) AND

DIMETHYL ACETYLENEDICARDOXYLATE(II)

Solvent Temp. Yield (Isolated) e)
.C

ill IV V VI I

Toluene Reflux 18-20 5-6 - - 25-30
Dioxane Do. 24-28 2.5-3 - - 35-40
Nitromethane Do. 0.5 0.1 1.0-1.5 12-14 >50
N.N-Dime- 130 15-20 1-2 <1 5-6 35-40

thylforma-
mide

Toluene 35 -1.0 -0.5 4-5 22-25 >50
Methanol 35 - - 11-12 1-2 >50
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C(1O)-C(1l)-C(l9) [1l6.0(6t] and C(7)-C(1O)-C(1I)
[119.5(6t] are significantly larger than the ideal
tetrahedral value of 109.5°. Moreover, the angle
C(6)-C(7)-C(l0) [127.5(6tJ is significantly larger than
the value of 120° expected at an sp2-carbon atom.

Conformation of the molecule - The torsion angles
invOlvingthe non-hydrogen atoms are recorded in
Table 5.The torsion angle, C(1O)-C(7)-C(6)-C(5),des-
cribing the conformation of the phenyl ring is -3r.
The angle between the normals to the least-square
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planes through the phenyl ring and the ester grouf)
at ColI, IS20°. .

Due to the presence of endocyclic double bonds,
the two five-membered rings, A [C(7), C(8), C(9),
N. C(IO)] and B[N, C(lO), C(1l), C(12), C(t3)]
are nearly in the C. symmetric envelope conformation.
Both these rings are less puckered in comparison
with the minimum energy conformation of cyclo-
pentene8. The values of ~Maxt, describing .the
puckering of the ring, are 21° for ring-A and 14°
for ring-B, compared to 26° for cyclopentene.

The eight-membered ring contains three endocyclic
double bonds. This ring, as seen from the torsion
angles in Table 5, has a distorted tub conformation.
The occurrence of cycloocta-l, 5-diene predominantly
in the boat conformation, has been attributed10 to
the intramolecular van der Waals attraction between
the two highly polarizable double bonds which are
only 3.:\ apart in this conformation. Such an attrac-
tive interaction is observed in the present case too.
The double bonds C(l4)-C(l5) and C(9)-C(l8) are

. separated by a distance of 3.IA.
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Fig. J - A perspective view of the molecule.

TABLE2- BoNDl..ENoms(A) wrm STANDARDDEVIATIONS
IN PARl!NmEsES

Bond Distance Bond Distance

(A) (A)

C())-C(2) 1.368(12) C(1(6) 1.398(13)
C(2)-C(3) 1.356(15) C(3 (4) 1.369(15)
C(4)-C(5) 1.411(12) C( 5)-C( 1.377(11)
C(6)-C(7) 1.471(10) C(7)-C(8 1.352(0)
C(7)-C(10) 1.523(10) C(8)-C(9) 1.437(10)
C(9)-C(18) 1.343(10) C(9)-N 1.441(10)
C(10)-C(11) 1.565(11 ) C(10)-C(23) 1.527(11)
C(10)-N 1.501(8) CO I)-C02) 1.505(0)
C(1I-C(19) 1.472(11) C(2)-C(13) 1.351(10)
C(12 -C(20) 1.455(1) C(3)-C(14) 1.466(10)
C(I3)-N 1.383(9) C(4)-C(I5) 1.330(11)
CCl5-CCl6) 1.458(11) C(6)-C(17) 1.314(11)
C(17)-C(18) 1.484(10) C(7)-C(21) 1.514(11)
C(18)-C(22) 1.474(11 ) C(19)-C(1) 1.332(11)
C(19)-C(2) 1.204(11 ) C(20)-C(3) 1.347(10)
C(20)-C(4) 1.203(0) C(21)-C(S) 1.315(10)
C(21)-C(6) 1.184(11) C(22)-C(7) 1.323(9)
C(22)-C(8) 1.206(0) C(24)-C(I) 1.509(13)
C(25)-C(3) 1.463(2) C(26)-C(5) . 1.477(15)
C(27)-C(7) 1.460(12) C(1)H[C(1)] 1.07(9)
C(2)-H[C(2)] 1.03(3) C(3)-H[C(3)] 0.96(9)
C(4)-H[C(4)] 1.15(11) C(5)-H[C(5)] 1.07(11)
C(8)-H[C(8)] 1.01(9) COI)-H[C(11)] 1.10(10)
C(14)-H[CC14)] 1.()()(8) C(I5)-H[C05)] 1.00(8)
C(16)-H[C(16)] 0.98(8) C(23)-Ht[C(23)] 1.01(10)
C(23)-H2[C(23)] 1.11(10) C(23)-Ha[C(23)] 0.85(8)

TABLE 3 - VALUESOFBOND ANOLES

Angle Value. Angle Value.
(deg.) (deg.)

C(2)-C(1)-C(6) 120.9(9) C(1)-C(2)-C(3) 121.4(10)
C(2)-C(3)-cr 4) 118.9(0) C(3)-C( 4)-C( 5) 121.2(9)
C(4)-cr5)-cr6) 119.2(8) C(1 )-C( 6)-C(5) 118.3(8)
C(1)-C( 6)-C(7) 118.3(7) C( 5)-C( 6)-C(7) 123.3(7)
C( 6)-C'7)-C(8) 123.3(7) C( 6)-C(7)-C(1 0) 127.5(6)
C(8)-Cf7)-Cn 0) 108.9(6) C(7)-C(8)-C(9) 111.2(7)
C(8)-C(9)-C( 18) 130.6(7) C(8)-C(9)-N 106.3(6)
cn 8)-C(9)- N 122.5(6) . C(7)-COO)-C(11) 119.5(6)
C(7)-Cn 0)-C(23) 112.](6) C(7)-COO)-N 101.8(5)
COl)-C(IO)-C(23) 110.](6) C(11)-COO)-N 103.8(5)
C(23)-CfJ O)-N 108.2(6) CO O)-COI )-C(12) 102.4(6)
CCIO)-C(11)-C(19) 116.0(6) C( 11)-C( 12)-C03) 111.1(6)
CO 1)-C()2)-C(20) 122.4(6) C(13)-CO 2)-C(20) 125.6(7)
C( 12)-Cm)-C(14) 125.2(7) C()2)-C(13)-N 112.0(6)
C(14)-C(J3)-N 122.8(6) C(13 )-C(14)-C(1 5) 128.7(7)
C(4)-C(15)-C(16) 129.6(8) CO 5)-C(I6)-C(17) 126.9(7)
CO 6)-C(17)-C(18) 126.0(7) C(16)-C(17)-C(21) 121.6(7)
C(8)-C(I7)-C(21) 112.3(6) C(9)-C(18)-CO 7) 122.5(6)
C(9)-C(18)-C(22) 120.7(6) CO 7)-CO 8)-C(22) 116.5(6)
C(1I)-C09)-Q0) 110.7(7) CO I)-C(l9)-0(2) 124.7(8)
0(1 )-C(19)-0(2) 124.5(8) C(12)-C(20)-0(3) 110.5(6)
CO 2)-C(20)-0( 4) 127.4(7) 0(3)-C(20)-0(4) 122. ](7)
C(17)-C(21)-00(5) 112.5(7) C(17)-C(21)-0(6) 123.1(8)
0(5)-C(21)-0(6) 124.4(8) CO 8)-C(22)-0(7) 110.9(6)
C(18)-C(22)-0(8) 126.6(7) 0(7)-C(22)-0(8) 122.5(7)
C(9)-N -COO) 107.3(5) C(9)-N-C03) 120.3(6)
C(10)-N-C(13) 108.9(5) CO 9)-0(1 )-C(24) 113.8(8) .
C(20)-0(J)-C(25) 115.2(7) C(21)-0(5)-C(26) 112.2(8)
C(22)-0(7)-C(27) 117.0(7) C(12)-C(11)-C(19) 118.0(7)

.Standard deviations are given in parentheses.

TABLE 4 - SoME SHORT INTRAMOLECULARCoNTActS

Contact Distance Contact Distance

( A) ( A)

C(6) ... 0(1) 3.093(10) C(6) ... C(19) 3.146(12)
C(5) ... C(19) 3.272(13) C(S) 0(2) 3.255(13)
C(19) ... 0(3) 2.879(11) C(2J) ... 0(7) 2.793(11)
(C22) ... 0(6) 2.994(10)
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Angle value
(deg).

TAlJLE 5 - V.U.U!:S OF TORSIO:'<A:-IGLES

Angle

C( 6)-C(7)-C( 1O)-C(2J)
C(1 )-C( 6)-C(7)-C(8)
C(1 ~-C( 6)-C(7)-CO 0)
C( 5)-C( 6)-C(7)-C(8)
C(5)-C(6)-C(7)-C(10)
C(7)-C(8)-C(9)-N
C(8)-C(9)-N-CO 0)
C(9)-CO )-C<1 O)-C(7)
N-COO)-C(7)-C(8)
C(10)-C(7)-C(8)-C(9)
C(9)-N-C( 10)-C(23)
C(8)-C(7)-C( 10)-C(23)
C(23)-COO)-CO 1)-C(12)
C(23)-C(1 O)-N-CO 3)
COO)-C(1I)-C(J2)-C(13)
CO 1)-C02)-C(13)-N
CO 2)-CO 3)-N-C(10)
C(13)-N-COO)-CO I)
N-COO)-C(l1)-C02)
CO O)-COI)-CO 9)-0(2)
COO)-CO I)-CO 9)-0(1)
C(ll )-CO 9)-00 )-C(24)
0(2)-C( 19)-0( I)-C(24)
C(12)-C0 1)-CO 9)-0(2)
C(23)-CO O)-CO 1)-C(19)

73.1(9)
-37.5(11)

1~9.0(8)
141.7(3)

-31.3(12)
-11.1(8)

20.1(7)
-20.7(7)

1~.3(7)
-2.5(8)

97.5(6)
-101.1(7)

126.8(6)
-130.8(6)

-5.5(8)
-3.3(9)

11.1(8)
-13.8(7)

11.2(7)
98.5(0)

-78.9(9)
174.9(8)
-2.5(3)

-139.4(9)
-103.2(8)

C(12)-C(1I)-C(J9)-0(1)
COI)-C( 12)-C(20)0(~)
C(13)-C( 12)-020)-0(4)
C(13)-C(12)-C(20)-0(3)
C(9)-N-C( 13)-C( 14)
N-C( I3)-C04)-C(1 5)
C( 13)-C04)-C05)-CO 6)
C( 14)-C( 15)-C( 16)-C( 17)
CO 5)-C( 16)-CO 7)-CO 8)
C( 16)-C( 17)-C( 18)-C(9)
C(17)-CO 8)-C(9)-N
C(8)-C(9)-N-C(13)
C( 16)-C( 17)-C(21 )-0(5)
CO 6)-CO 7)-C(21)-0( 6)
CO 8)-C(17)-C(21)-0( 5)
CO 8)-CO 1)-C(21)-0( 6)
C( 17)-C(21 )-O( 5)-C(26)
0(6)-C(2I)-0(5}-C(26)
C( 17)-C( 18)-C(22)-0(7)
C( 11)-CO 8)-C(22)-0(8)
C(9)-C(J 8)-C(22)-0(7)
C(9)-C(18)-C(22)-0(8)
CO 8)-C(22)-0(7)-C(27)
0(8)-C(22)-0( 7)-C(21)

.Standard deviation are given in parentheses.

Value
(deg.)

43.2(0)
177.4(8)
9.3(13)

-169.3(7)
-45.7(0)
-29.1(12)

2.2(5)
54.2(13)

-2.5(13)
-59.4(1)

2.9(11)
83.4(9)

-21.90 I)
159.0(9)

160.6(7)
-18.5(11)

-180.0(8)
-0.8(13)

-1404(9)
166.3(8)
171.7(7)
-7.6(12)
114.3(7)
-6.4(1l)

o
/

All the four ester groups (CP-Oa-C) have
'\.

OMe
the C= 0 bond syn-planar with respect to the O-CHa
bond. When the C(carbon atom is spa-hybridized, a
cis-framework with a small value for the torsion
angle CP.CCt-C=O is more favourablell than the
trans configuration. In the present case, the ester

group El [C(19), 0(1), 0(2), C(24)] alone has an Sp3_
hybridized C(carbon atom. Ez [C(20), 0(3), 0(4),
C(25)], Ea [C(21), 0(5), 0(6), C(26)] and E~ [C(22),
0(7),0(8), C(27)] have sp2-hybridized C( carbons.
As seen from the torsion angles in Table 5, El is
in a gauche-conformation, Ea in trans and Ez and
E, in cis conformations. Table 4 shows some short
intramolecular van der Waals contacts betwe@nthe
adjacent ester groups.

Packing of the molecules - The' packing of the

Fig. 2 - Packing of the molecules viewed down the a a"is [The atoms 0(7) and C(27) are shown slightly shifted for the
sake of clarity]
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