
Preparation of 3,4-Dimethylenepyrrolidines J. Org. Chem., Vol. 39, No. 8, 1974 1115 

the National Institutes of Health (CA-04536), for which 
the authors are grateful. 

Registry No.-I, 6906-32-7; 11, 2403-57-8; 111, 2403-55-6; IV, 
23297-04-3; cis-1,50640-23-8; trans-1,50640-24-9; cis-2, 50640-25-0; 
trans-2, 50640-26-1; cis-3, 50640-27-2; trans-3, 50640-28-3; cis-4, 
50640-29-4; trans-4, 50640-30-7; cis-5, 50640-31-8; trans-5, 50640- 
32-9; trans-6, 50640-33-0; cis-7, 41959-68-6; trans-7, 41959-69-7; 
cis-8, 50640-34-1; trans-8, 50640-35-2; cis-9, 50640-36-3; trans-9, 
50640-37-4; cis-10, 50640-38-5; trans-10, 31752-27-9; cis-11, 50640- 
39-6; trans-11, 50640-40-9; cis-12, 50640-41-0; trans-l2,50640-42-1; 
cis-13, 50640-43-2; trans-13, 50640-44-3; cis- 14, 50640-45-4; trans- 
14, 50640-46-5; cis- 15, 50640-47-6; trans- 15 picrate, 50640-49-8; 
trans-16, 50640-50-1; cis-17, 50640-51-2; trans-17, 50640-52-3; cis- 
18, 50640-53-4; trans-18, 50640-54-5; cis-19, 50640-55-6; trans- 19, 
50640-56-7; cis-20, 50640-57-8; trans-20, 50640-58-9; cis-21, 50640- 
59-0; trans-21, 50640-60-3; cis-22,50640-61-4; trans-22,50640-62-5; 
cis-23, 50640-63-6; trans-23, 50640-64-7; trans-24, 50640-65-8; 
trans-25, 50640-66-9; trans-26, 50640-67-0; trans-27, 50640-68-1; 
cis-28, 50640-69-2; trans-28, 50640-70-5; 2,4,4-trimethylthietan-3- 
one 1,l-dioxide, 31686-74-5. 

References and Notes 
(1) (a) T. J. Wallace, Quart. Rev., Chem. SOC., 20, 67 (1966); (b) G. 

Opitz, Angcw. Chem., lnf. Ed. Engl., 6, 107 (1967); (c) W. E. 
Truce and L. K. Liu, Mech. React. Sulfur Compounds, 4, 145 
(1969); (d) T. Nagai and N. Tokura, lnt. J. Sulfur Chem. B, 7, 207 
(1972). 

(2) (a) L. A. Paquette, J. Org. Chem., 29, 2854 (1964); (b) L. A. Pa- 
quette, J. P. Freeman, and R .  w. Houser, ibid,, 34, 2901 (1969); 
(c) G. Pagani and S. Maiorana, Chim. lnd. (Milan), 53, 261 (1971); 
(d) C. T. Goraiski, J. Org. Chem., 37, 2080 (1972). 

(3) In a few reactions with I small amounts (6% or less) of N,N-di- 
methyisuifonamides were obtained. 

(4) (a) Opitz, et ai., Justus Liebigs Ann. Chem., 684, 98 (1965); (b) L. 
A. Paquette and M. Rosen, J. Amer. Chem. SOC., 89, 4102 (1967); 
(c) A. M. Hamid and S. Trippett, J. Chem. SOC. C, 1612 (1968); 
(d) L. A. Paquette, J. Org. Chem., 34, 2896 (1969); (e) K. Nagara- 
jan and S. R. Mehta, ibid., 35, 4248 (1970); ( f )  0. Tsuge, S. Iwan- 
ami, and S. Hagio, Bull. Chem. SOC. Jap., 45, 237 (1972). 

(5) A concerted process has been proposed to account for the asym- 

metric synthesis obtained in the reaction of suifene with optically 
active enamines: L. A. Paquette, J. P. Freeman, and S. Maiorana, 
Tetrahedron, 27, 2599 (1971). 

(6) R. Gompper. Angew. Chem., lnt. Ed. Engl., 8, 312 (1969). 
(7) For a discussion on carbanion stabilization by halogen atoms see K. 

J. Kiabunde and D. J. Burton, J. Amer. Chem. SOC., 94, 5985 
(1972), and references cited therein. 

(8) R. B. Woodman and R. Hoffman, "The Conservation of Orbital Sym- 
metry, Academic Press, New York, N. Y., 1970, pp 68-69. 

(9) (a) N. D. Epiotis, J. Amer. Chem. SOC., 94, 1924 (1972); (b) N. D. 
Epiotis, private communication. 

(10) B. Evans, et a/.,  J. Chem. SOC., 1159 (1927). report the synthesis 
of this compound but later work by M. S. Kharash, J. Org. Chem., 
3, 180 (1938), indicated that the earlier report was erroneous and 
all attempts by Kharash to prepare this compound were unsuccess- 
ful. 

(11) W. E. Truce and C.-i. M. Lin, J. Amer. Chem. SOC., 95, 4426 
(1973). 

(12) This compound has been obtained in solution contaminated with the 
corresponding acid, and isolated as an anilide: W. E. Truce and J. 
Woodman, unpublished results. 

(13) L. A. Paquette, M. Rosen, and H. Stucki, J. Org. Chem., 33, 3020 
(1968). 

(14) M. Karpius, J. Chem. Phys., 30, 11 (1959); J. Amer. Chem. SOC., 
85, 2870 (1 963). 

(15) G. D. Andreetti, L. Cavaico, and P. Sgarabotto, Gazz. Chim. ita/., 
101,440 (1971). 

(16) V. 2. El-Hewehi, J. Prakt. Chem., 23, 38 (1964). 
(17) Pyong NaeSon, Ph.D. Thesis, Purdue University, 1966. 
(18) A. Lanson and R. 8 .  Tinkier, J. Chem. SOC. C, 654 (1969). 
(19) V. 2. El-Hewehi and D. Hempei, J. Prakt. Chem., 21, 286 (1963). 
(20) M. P. Sammes, C. M. Wyiie, and J. G. Hoggert, J. Chem. SOC. C, 

2151 (1971). 
(21) Prepared by J. Woodman according to the method of W. E. Truce 

and C. W. Vriesen, J. Amer. Chem. SOC., 75,2525 (1953). 
(22) J. R. Noreli, Ph.D. Thesis, Puidue University, 1963. 
(23) L. F. Fieser and M. Fieser, Reagents for Organic Synthesis," Voi. 

I, Wiiey, New York, N. Y . ,  1967, p 1198. 
(24) W. A White and H. Weingarten, J. Org. Chem., 32, 213 (1966). 
(25) D. P. Roelofsen and H. Van Bekkum, Red. Trav. Chim. Pays-Bas, 

91, 605 (1972). 
(26) T. Kiingier, Ph.D. Thesis, Purdue University. 
(27) G. Opitz, H. Schempp, and H. Adolph, Justus Liebigs Ann. Chem., 

684, 92 (1965). 
(28) Note added in Proof. P. D. Buttero and S. Maiorana, J. Chem. SOC., 

Perkin Trans., I, 2540 (1973). 

Preparation of 3,4-Dimethylenepyrrolidine 
and l-Alkyl-3,4-dimethylenepyrrolidines by the 

Thermal Elimination of Sulfur Dioxide 

Raphael M. Ottenbrite* and Peter V. Alston 

Department of Chemistry and Pharmaceutical Chemistry, Virginia Commonwealth University, 
Richmond, Virginia 23284 

Received October 9, 1973 

T h e  reaction of 3,4-bis(bromomethyl)-2,5-dihydrothiophene 1,l-dioxide w i t h  p r imary  alkylamines gives 5- 
alkyl-1,3,4,6-tetrahydrothieno[3,4-c]pyrrole 2,2-dioxides as wel l  as 1,4-HBr el iminat ion products. These bicycl ic 
thienopyrroles were thermal ly  decomposed, e l iminat ing sulfur dioxide, to give 3,4-dimethylenepyrrolidine and 
the corresponding N-alkyl-3,4-dimethylenepyrrolidines, which  have been characterized spectrally and analyt i-  
cally. 

The preparation of 1-substituted 3,4-dimethylenepyrrol- 
idines and their sulfone precursors has recently been of 
considerable interest .l-5 These compounds have specific 
utility as reactants in the Diels-Alder reaction,6 as mono- 
mers in polymerization reactions, and for their medicinal 
applications. The synthetic utilization of sulfur dioxide as 
a protecting agent for the synthesis of l-aryl-3,4-dimethy- 
lenepyrrolidines has been demonstrated.2 ,4 This report 
describes the extension of this method to the preparation 
of the novel secondary amine, 3,4-dimethylenepyrrolidine 
as well as l-alkyl-3,4-dimethylenepyrrolidines. 

In the nucleophilic reaction of primary amines with 
3,4-bis(bromomethyl)-2,5-dihydrothiophene 1,l-dioxide, it 
has been proposed2.4 that a competing reaction was a 
1,4-HBr elimination due to the acidic character of the su1- 

folene protons. We found no evidence for this type of 
elimination in our earlier study2 of this reaction with 
monosubstituted anilines. However, this elimination ap- 
pears to be more facile with primary alkylamines, and 
subsequently we were able to isolate for the first time the 
1,4-HBr elimination product for a series of such amines 
from this reaction. 

Results and Discussion 
The reaction of alkylamines with 1 was carried out as 

previously describedl and the bicyclic compounds (2) were 
isolated in moderate yields (21-4070) (Scheme I). The 
1,4-HBr elimination products (3) were observed in the 
Teaction mixtures for all cases by nmr. We were not able 
to isolate these compounds (3)' directly from the reaction 
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mixtures; consequently, their acetylated derivatives (4) 
were isolated by the method of McElvain.8 These acetyl- 
ated derivatives were characterized in the cases of 4a-4c. 
The amount of 1,4-HBr elimination product formed ap- 
pears to be sensitive to the reaction conditions. Under our 
usual reaction conditions1 (3:l molar ratio of amine to 1 
in acetonitrile), considerable amounts of both 2 and 3 
were obtained in all cases. However, we found that an al- 
most quantitative yield (determined by nmr) of the elimi- 
nation product was obtained when the reactions were car- 
ried out in MeOH with a 3.5:l molar ratio of amine to 1. 

An initial attempt to prepare 1,3,4,6-tetrahydrothieno- 
[3,4-c]pyrrole 2,2-dioxide (2f) involved reacting 1 with am- 
monia (Scheme 11). Using a method similar to Bobbitt, et 
a1.,9 the dibromo sulfone (1) was added to an ammonia- 
acetonitrile solution (50:l molar ratio of ammonia to l ) ,  
but only an intractable oil was obtained. When a 1 O : l  
molar ratio of ammonia to 1 in acetonitrile was used, the 
5,5 - spirobis ( 1,3,4,6-tetrahydrothieno[3,4-c]pyrrolidinium 
2,2-dioxo) bromide ( 5 )  was obtained in 70% yield. Similar- 
ly, lower concentrations of ammonia also gave the spiro 
product. 

Indirect approaches to the synthesis of 2f were next em- 
ployed (Scheme 11). The first attempt involved catalytic 
cleavage of the benzyl group in 2c, similar to the proce- 
dure of Mattocks and Hartung.lo It was found, however, 
that reduction of the tetrasubstituted double bond took 

1 
J NH2CH,Ph 

5 

H 

2c H 1 C1COOCH2Ph 6 

1 15% HBr in HOAc 

O , S ~ N - C O O C H , P h  2. Na2C0, 
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place more readily than the cleavage of the benzyl group. 
This gave compound 6 in good yield (70%). Since catalytic 
cleavage of the benzyl group proved ineffective in this 
case, the benzyl group was replaced by a carbobenzyloxy 
groupll by treating 2c with benzylchloroformate to yield 
compound 7. Cleavage of the carbobenzyloxy group was 
accomplished by treating 7 with 15% HBr in glacial acetic 
acid to give the amine hydrobromide salt which was neu- 
tralized with sodium carbonate to give the sulfone precur- 
sor 2f. 

Thermal decomposition (1200) of these masked exocy- 
clic dienes (2a-2f) under reduced pressure (0.1 mm) led to 
the elimination of sulfur dioxide and recovery of the exo- 
cyclic dienes (8a-8f) as well as some polymeric material12 
(Scheme III). These dienes were liquids (-room tempera- 
ture) and polymerized readily upon standing to give white, 
brittle, water-soluble polymers (9). The dienes (8a-8f) 
were characterized by their nmr spectra (Table I). Picrate 
derivatives (loa and lob) of 8f and 8a gave sharp melting 
points. The exocyclic dienes (8a, 8c, 8d) reacted readily 
with methyl iodide (Scheme 111) to give their correspond- 
ing pyrrolidinium iodide salts (Ila-l lc) in good yields 

In conclusion, primary alkylamines react with the di- 
bromo sulfone (1) to give the corresponding pyrroline com- 
pounds (2) in lower yields (21-4070) than the previously 

(55-67%). 

Table I 
3,4-Dimethylenepyrrolidines (8) 

Endo vinyl 
Compd Yield, % hydrogens 

8f 40 5.54 (t, J = 2 Hz) 
Sab 65 5 . 3 2  (t, J = 2Hz) 
8b 56 5 . 4 3  (t, J = 2 H z )  

8c 67 5 . 4 3  (t, J = 2Hz)  

8d 55 5 . 4 4  (t, J = 2 Hz) 

Nmr spectra5 
Exo vinll Methylene hydrogens 
hydrogens adjacent to N R 

5 . 1 2  (m) 
4 . 8 5  (m) 
5 . O O  (m) 

4 . 9 7  Im’, 3 . 4 4  (t. J = 2 Hz) 7 . 3 5  (8, -CH&Hd, 

3 . 7 2  (t, J = 2 Hz) 
3 . 2 4  (t, J = 2 Hz) 
3 . 5 4  (t, J = 2 Hz) 

5 . 9 5  (bs, N-H) 
2 . 3 4  (s, CHI) 
2 . 7 1  (4, J = 7 Hz, -CHzCH3), 

I. 18 (t, J = 7 Hz, -CH&Ha) 
\ ,  ~, 

3.66‘  (8, -CH&&) 
5 . 0 0  (m) 3 . 5 7  (t, J = 2 Hz) 2.86 [h, J = 7 Hz, -CHC(CH3)2], 

1 . 1 7  Id, J = 7 Hz, -CHC(CHs)zI 
8e 60 5 . 4 6  (t, J = 2 Hz) 5 .00  (m) 3.62  (t, J = 2 Hz) 1 . 1 8  [s,-C(CHs)a] 

5 Determined with CDCh solution except Sf,for which DMSO-& was used. Chemical shifts (6) are relative to  TMS (6 = 
0.0). Signals are designated as follows: s, singlet; d, doublet; t, triplet; q, quartet; h, heptet; m, multiplet. This compound 
has been characterized by Gaoni.3 Our nmr spectrum for this compound is in agreement with Gaoni except for the chemical 
shift (6) of the exo vinyl hydrogens which he assigned a value of 4.39. 
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studied2 monosubstituted anilines (50-83%). This is 
caused by a 1,4-HBr elimination reaction which competes 
with the nucleophilic cyclization process. Furthermore, it 
is difficult to prevent substantial polymerization of 1- 
alkyl-3,4-dimethylenepyrrolidines under our conditions for 
the thermal elimination of sulfur dioxide from 2. Conse- 
quently, the use of sulfur dioxide as a protecting agent for 
the preparation of l-alkyl-3,4-dimethylenepyrrolidines is 
not as advantageous as it is with their aryl counterparts.2 
This method, however, is presently the only available pro- 
cedure for the preparation of 3,4-dimethylenepyrrolidine 
itself. 

Experimental Section 
Melting points were obtained in a Thomas-Hoover melting 

point apparatus and are uncorrected. Nmr spectra were recorded 
on a Varian A-60 and a Perkin-Elmer R-24. Chemical shifts (6) 
are relative to TMS (6 = 0.0). Nmr signals are designated as fol- 
lows: s, singlet; d, doublet; t, triplet; q, quartet; h, heptet; bs, 
broad singlet. Ir spectra (potassium bromide pellets) were record- 
ed on a Perkin-Elmer 337, and elemental analysis were carried 
out on a Perkin-Elmer 240. Uv spectra were recorded on a Beck- 
man DK-2. All the compounds in Table I were prepared by essen- 
tially the same procedure given below for 3,4-dimethylenepyrroli- 
dine. 
5-tert-Butyl-1,3,4,6-tetrahvdrothieno[3,4-c]pyrrole 2,2-Diox- 

ide (2e). A solution of the dibromo sulfone (1) (3.04 g, 10 mmol) 
and 35 mmol of tert-butylamine in 200 ml of acetonitrile was 
stirred at rm temperature for 1 hr. The reaction mixture was fil- 
tered to remove the tert-butylamine hydrobromide which precipi- 
tated and the filtrate was evaporated to dryness. The residue was 
dissolved in methanol and neutralized with sodium carbonate. 
The methanol was removed under reduced pressure and the re- 
sultant residue was triturated with 150 ml of ether. The ethereal 
extracts were reduced in volume to 20 ml, and petroleum ether 
was added to make the solution cloudy. The petroleum ether- 
ether solution was allowed to stand in a freezer overnight, and 
0.45 g (21%) of the bicyclic product was obtained: mp 100-102"; ir 
max 1322, 1262, 1180, 1115 cm-l; nmr (CDC13) 6 3.77 and 3.66 
(fused singlets, 8 H), 1.14 (s, 9 H). 

Anal. Calcd for C10H17N02S: C, 55.78; H, 7.96; N, 6.51. Found: 
C, 55.80; H, 8.02; N, 6.33. 

Acetylated Derivative of 4-(N-tert-Butylaminomethy1)-2- 
hydro-3-methylenethiophene 1,l-Dioxide (4c). The petroleum 
ether-ether solution from the procedure of 2e was evaporated to 
dryness, and the resulting oil was stirred with 3 ml of acetic an- 
hydride for 4 hr. The reaction mixture was diluted with 20 ml of 3 
N HC1 and extracted with methylene chloride. The methylene 
chloride was removed under vacuum to give an oil. Crystalliza- 
tion from ether gave 0.35 g (14%) of 4c: mp 194-196" dec; ir max 
1636, 1392, 1290, 1222, 1115 cm-l; nmr (CDC13) 6 6.63 (m, 1 H), 
5.47 (m, 2 H), 4.28 (m, 2 H), 4.06 (m, 2 H), 2.03 (m, 3 H), 1.45 (s, 
9H). 

Anal. Calcd for C I ~ H ~ ~ N O ~ S :  C, 56.02; H, 7.44, N, 5.44. Found: 
C, 55.46; H, 7.57, N, 5.33. 
5-Isopropyl-1,3,4,6-tetrahydrothieno[3,4-c]pyrrole 2,2-Diox- 

ide (2d). Procedure same as for 2e: yield 41%; mp 118-120" dec; ir 
max 2778, 1295, 1262, 1172, 1103, 1094 cm-I; nmr (CDC13) 6 3.79 
and 3.62 (fused singlets, 8 H), 2.79 (h, J = 7 Hz, 1 H), 1.11 (d, J 
= 7 Hz, 6 H). 

Anal. Calcd for C9HlsNOzS: C, 53.72; H, 7.51; N, 6.96. Found: 
C, 53.78; H, 7.50; N, 6.90. 

Acetylated Derivative of 4-(N-Isopropylaminomethyl)-2- 
hydro-3-methylenethiophene 1,l-Dioxide (4b). Procedure same 
as for 4c: yield 22%; mp 155-156"; ir max 1626, 1440, 1404, 1280, 
1224, 1187, 1110 cm-1; uv A,,, (CHIOH) 233 mp (C 19,450); nmr 
(CDCl3) 6 6.50 (m, 1 H), 5.70-5.3 (m, 2 H), 4.45-3.8 (m, 5 H), 
2.4-1.8(m,3H), 1.15(d,J= 7Hz,6H). 

Anal. Calcd for CllH17N03S: C, 54.31; H, 7.04; N, 5.76. Found: 
C, 53.95; H, 7.21; N, 5.69. 

Acetylated Derivative of 4-(N-Ethylaminomethyl)-2-hydro- 
3-methylenethiophene 1,l-Dioxide (4a). Procedure same as for 
4c: yield 15%; mp 125-126"; ir rnax 1646, 1633, 1441, 1397, 1273, 
1220, 1105 cm-1; nmr (CDC13) 6 6.46 (m, 1 H), 5.7-5.3 (m, 2 H), 
4.35 (m, 2 H), 4.00 (m, 2 H), 3.37 (9, J = 7 Hz, 2 H), 2.3-2.00 (m, 
3 H), 1.19 (t, J = 7 Hz, 3 H). 

Anal. Calcd for C10H15N03S: C, 52.40; H, 6.60; N, 6.11. Found: 
C, 52.28; H, 6.55; N, 5.95. 

5,5'-Spirobis ( 1,3,4,6-tetrahydrothieno[3,4-c]pyrrolidinium 
2,2-dioxo) Bromide (5). Ammonia (1.02 g, 60 mmol) was dis- 
solved in 100 ml of acetonitrile and added to a solution of 3.04 g 
(10 mmol) of 1 in 200 ml of acetonitrile. The reaction mixture was 
allowed to stand for 1 hr during which time the spiro compound 
and ammonium bromide precipitated. The precipitate was 
washed with 100 ml of hot methanol to yield 1.33 g (70%) of the 
spiro compound as a residue; no melting point up to 300"; ir rnax 
1318, 1281, 1269, 1181, 1114, 1093 cm-1; nmr (DzO) 6 4.73 (m, 8 
H), 4.12 (m, 8H); molWt13 371,375 (actual 382). 

Anal. Calcd for C12H16NS20&: C, 37.90; H, 4.22; N, 3.70. 
Found: C, 38.10; H, 4.40; N, 4.00. 
5-Benzyl-1,3,3a,4,6,6a-hexahydrothieno[3,4-c]p~role 22-  

Dioxide (6). A 3.0-g solution of compound 2c in 50 ml of glacial 
acetic acid was hydrogenated over 2.0 g of 1090 Pd/C and 0.5 g of 
platinum oxide at 47 psi of hydrogen pressure for 24 hr. The ace- 
tic acid solution was filtered to remove the catalyst and evapo- 
rated to dryness. The residue remaining was diluted with HzO 
and neutralized with sodium carbonate. The HzO solution was 
evaporated and its residue triturated with 200 ml of ether. From 
this ether extract, 2.1 g (70%) of product was obtained; mp 94- 
96"; ir max 1320, 1283, 1241, 1217, 1140, 1129, 1095, 737 cm-l; 
nmr(CDC18)6 7.31(s, 5 H), 3.63 (8 ,  2 H), 3.4to 2.5(m, 10 H). 

Anal. Calcd for C13H17NS02: C, 62.20; H, 6.82; N, 5.52. Found: 
C, 61.90; H, 6.84; N, 5.36. 

5-Carbobenzyloxy- 1,3,4,6-tetrahydrothien0[3,4-c]pyrrole 
2,2-Dioxide (7). A solution of 1.2 g of 2c in 5 ml of benzyl chloro- 
formate was allowed to stand for 10 hr at room temperature. The 
reaction mixture was diluted with ether, and the product was col- 
lected by filtration. Recrystallization in acetone-ether yielded 
1.13 g (80%) of 7: mp 134" dec; ir max 1750 (broad), 1730, 1445, 
1410 (broad), 1332, 1300, 1173, 1030, 945, 756, 695 cm-l; nmr (ac- 
etone-ds)67.35(~,5H),5.11(~,2H),4.27(~,4H),3.88(~,4H). 

Anal. Calcd for C14H15NS04: C, 57.34; H, 5.16; N, 4.78. Found: 
C, 57.55; H, 5.35; H, 4.48. 
1,3,4,6-Tetrahydrothieno[3,4-c]pyrrole 2,2-Dioxide (2f). To 

1.0 g of compound 7 dissolved in 10 ml of glacial acetic acid was 
added 10 ml of 30% HBr in glacial acetic acid. The reaction mix- 
ture was allowed to stir for 3 hr and then diluted with 100 ml of 
ether. The amine hydrobromide salt (70%) precipitated and was 
collected by filtration. The amine hydrobromide salt was dis- 
solved in HzO and neutralized with NazC03. The free amine 
(64%) was extracted from the water solution with methylene chlo- 
ride: mp 116" dec; ir max 3360, 1414, 1280 (broad), 1173, 1119, 
1093, 753 cm-l; nmr (CDC13) 6 3.83 (s, 8 H), 1.86 (s, 1 H); nmr 

Anal. Calcd for C&,NS02: C, 45.28; H, 5.70; N, 8.80. Found: 
C, 45.37; H, 5.51; N, 8.53. 
3,4-Dimethylenepyrrolidine (Sf). The sulfone grecursor (2f) 

was thermally decomposed at 120" under vacuum (0.1 mm). The 
exocyclic diene was trapped in a flask cooled to Dry Ice-acetone 
temperatures with some polymerization occurring. The reaction 
flask was connected to the cooled flask by a U-tube wrapped with 
heating tape to prevent appreciable sublimation: yield 40%; nmr 
(DzO) 6 5.70 (t, J = 2 Hz, 2 H), 5.22 (m, 2 H), 4.08 (t, J = 2 Hz, 4 
H). 

Polymer (9a) of 3,4-Dimethylenepyrrolidine. Compound 8f 
(liquid) polymerized readily upon standing at room temperature 
to give a water-soluble polymer: nmr (DzO) 6 4.05 (bs, 4 H), 2.31 
(bs,4H). 

Picrate (loa) of 3,4-Dimethylenepyrrolidine. The exocyclic 
diene (8f) (-0.09 g) was dissolved in 2 ml of MeOH and added to 

(CF3COOH) 6 4.57 (s, 4 H), 4.17 (s,4 H). 
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2 ml of MeOH saturated with picric acid. The solution was filter 
to remove polymeric material which had precipitated and then 
allowed to stand for 2 hr at room temperature. Ether (50 ml) was 
added to the solution, which was then left in a freezer for 36 hr. 
During this time, 0.065 g (20%) of orange picrate crystals precipi- 
tated: mp 118-119'; nmr (acetone-&) 6 8.6 (s, 2 H), 5.79 (m, 2 
H), 5.28 (m, 2 H), 5.07 and 4.37 (m, 4 H) (N-H not observed). 

Anal. Calcd for Cl~H12N40,: C, 44.44; H, 3.70; N, 17.24. 
Found: C, 44.69; H, 3.64; N, 17.24. 

Polymer (9b) of l-Methyl-3,4-dimethylenepyrrolidine. Com- 
pound Sa (liquid) polymerized readily upon standing at room 
temperature to give a water-soluble polymer: nmr (DzO) 6 4.14 
(bs,4H),3.0(bs,3H),2.34(bs,4H). 

Picrate (lob) of l-Methyl-3,4-dimethylenepyrrolidine. To a 
solution of the exocyclic diene Sa (-0.25 g) in 5 ml of methanol 
was added 5 ml of methanol saturated with picric acid. The solu- 
tion was allowed to stand for 3 hr at room temperature after 
which time 60 ml of ether was added. The solution was left in a 
freezer for 48 hr and during this time 0.52 g (67%) of yellow pic- 
rate crystals precipitated: mp 101-103"; nmr (acetone-&) 6 8.67 
(s, 2 H), 5.74 (m, 2 H), 5.29 (m, 2 H), 4.37 (m, 4 H), 3.18 (s, 3 H) 
(N-H not observed). 

Anal. Calcd for C13H14N407: C, 46.15; H, 4.14; N, 16.56. 
Found: C, 46.06; H, 4.09; N, 16.36. 
l,l-Dimethyl-3,4-dirnethylenepyrrolidinium Iodide (lla). 

Compound 2a (0.6 g) was decomposed by the same procedure 
used for the preparation of 8f. The l-methyI-3,4-dimethylenepyr- 
rolidine recovered was dissolved in 3 ml of methylene chloride. To 
this solution was added 3 ml of methyl iodide. The reaction was 
allowed to stand overnight and 0.52 g (65%) of lla was collected 
by filtration: mp 179" dec; ir max 916 cm-l; nmr (DMSO-&) 6 
5.78(m, 2H),5.33(m,2H),4.31 (m, 4H), 3.12(s,6H). 

Anal. Calcd for CsHlaNI: C, 38.24; H, 5.60; N, 5.58. Found: C, 
37.94; H, 5.54; N, 5.52. 

1 -Methyl- 1 -benzyl-3,4-dimethylenepyrrolidinium Iodide 
(llb). Procedure same as for lla: yield 67%; mp 146-147" dec; ir 
max 907, 750, 696 cm-1; nmr (DMSO-&) 6 7.42 (s, 5 H), 5.72 (m, 
2H),5.26(m, 2 H),4.7-3.8(m, 6H), 2.8(s, 3 H). 

Anal. Calcd for C14HlsNI: C, 51.36; H, 5.50; N, 4.28. Found: C, 
51.16; H, 5.40; N, 4.10. 
l-Methyl-l-isopropyl-3,4-dimethylenepyrrolidinium Iodide 

(Ilc). Procedure same as for lla: yield 55%; mp 250-252" dec; ir 
max 1429, 913 cm-l; nmr (DMSO-&) 6 5.81 (m, 2 H), 5.30 (m, 2 
H), 4.38 (m, 4 H), 3.84 (h, J = 7 Hz, 1 H), 2.75 (s, 3 H), 2.03 (d, J 
= 7Hz, 6H).  

Anal. Calcd for CloHlsNI: C, 43.02; H, 6.50; N, 5.01. Found: C, 
43.33; H, 6.43; N, 4.91. 
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Renewed efforts were made to gain access to the long neglected morphine fragment 2d, trans-l,3,4,5,6,7,8,8a- 
octahydro-2-methyl.-4a-phenylisoquinolin-6-ol. Previous efforts by McElvain involved an unsuccessful attempt 
a t  the conjugate addition of phenylmagnesium bromide to the enone 17, 1,3,4,7,8,8a-hexahydro-2-methyliso- 
quinolin-6-one. Our first attempt involved intramolecular alkylation of the ketal 8b, which was not successful. 
Use of diphenylcopper lithium, however, enabled us to achieve conjugate addition to  the enone 17, giving 
stereospecifically the cis ketone 18, 1,3,4,7,8,8a-hexahydro-2-methyl-4a-phenylisoquinolin~6-one, whose structure 
was confirmed by X-ray analysis of the methobromide. The stereochemistry of reduction and methyllithium ad- 
dition to  this ketone 18 is discussed. 

In the search for new structural types possessing anal- 
getic activity the pentacyclic structure of morphine (1) 
has been subjected to many modifications. One of these, 
compound Za, represents an interesting target type, which 
has been subjected to only one additional study since 
compound 2a was reported.1 

A study by McElvain described an unsuccessful at- 
tempt to  gain access to this type by a synthetic approach 
which was quite similar to our successful route.2 

The reason for this apparent neglect of otherwise attrac- 
tive target compounds such as 2a-d while other modifica- 
tions have been extensively explored3 is perhaps the syn- 


