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Abstmti-A series of ucyanoaminosilanes has been found to act as azomethine ylide equivalents. Treatment 
of these compounds with silver fluoride in the presence of electron deficient olefins gives substituted 
pyrrolidines in high yield. The extent of diastereoselectivity associated with the 1,Mipolar cycloaddition of 
chiral axomethine ylides with several dipolarophiles has been studied. Reasonable levels of such 
diastereoselectivity have been found when optically active a-cyanoaminosilanes are employed as azomethine 
ylide equivalents. These compounds can be prepared in multigram quantities by treating the appropriate 
chiral amine with chlorotrimethylsilane followed by reaction of the resulting secondary amine with 
formaldehyde in the presence of potassium cyanide. It was found that N-bcnzyl-N-cyanomethyl-N- 
trimethylsilyhnethylamine undergoes stereospecifk cycloaddition with dimethyl fumarate and makate. The 
stereospecificity of the reaction is consistent with a concerted cycloaddition reaction. 

Asymmetric induction has become one of the 
cornerstones in modem synthetic methodology leading 
to a host of enantiomerically enriched compounds.‘*’ 
The use of chiral auxiliaries to induce biased 
stereochemical changes has allowed investigators to 
form a variety of C-X bonds with high enantioselec- 
tivity.‘e4 Recently, the asymmetric Diels-Alder 
reaction has received a great deal of attention.5-9 Some 
of these 4 + 2cycloadditions proceed with very high 
and sometimes near perfect diastereoselection.10-‘2 In 
contrast to the well-documented asymmetric Diels- 
Alder reactions,asymmetric 1,3-dipolarcycloadditions 
have not been extensively explored. There are, however, 
several reports of stereoselective cycloadditions 
involving nitrones and nitrile oxides.‘3-23 Nitrones 
which carry a chiral substituent on nitrogen often 
display high diastereoselectivity in dipolar cyclo- 
additions with a variety of achiral dipolar~philes.~~” 
In certain cases, the reaction of chiral dipolarophiles 
with nitrones and nitrile oxides leads to reasonably 
high diastereoselectivity in the formation of the 
cycloadducts.‘s-23 Since the N-O bonds of the 
cycloadducts are readily cleaved to produce acyclic 
molecules, the diastereoselectivity displayed in the 
cycloadditions serves as a means of controlling acyclic 
stereochemistry.‘9*22 To the best of our knowledge 
there have been no reports concerning asymmetric 1,3- 
dipolar cycloadditions using azomethine ylides as 
dipoles. As a consequence of our interest in 
azomethine ylide chemistry,24*2s we initiated a study 
designed to examine the extent to which an asymmetric 
center adjacent to the nitrogen atom of the dipole can 
control diastereoselective cycloadditions with achiral 
dipolarophiles. We report here the results of this study. 

RESULTS AND DISCUSSION 

The pyrrolidine ring is a frequently encountered 
structural unit of many synthetically challenging 
alkaloidsz6 Little attention has been given in alkaloid 
synthesis to one of the most conceptually simple ways of 
pyrrolidine formation, a 1,3dipolar cycloaddition of 
an azomethine ylide with an olefin. This is not 

surprising since few methods exist for the preparation 
ofnonstabilizedazomethineylides.27-3sAlthoughring 
opening of aziridines to azomethine ylides works well 
when the substituent groups are capable of stabilizing 
the dipole centers,39 the ring cleavage fails completely 
when simple alkyl substituents are used. We have 
recently discovered that a-cyanosilylamines 3 are useful 

1 z 

and convenient syntbons for azomethine ylides2* The 
development of this strategy was based on literature 
reports that cyanomethylamines can function as 
convenient iminium ion precursors.40~41 The pro- 
pensity of silicon to transfer to a silylphile when bound 
to an electronegative carbon4’ strongly inferred that 
the treatment ofa-cyanosilylamines with silver fluoride 
will generate azomethine ylides. This prediction has 
indeed proven valid. Since tertiary N-(cyano- 

NC-eN~CH,SI(ctt,), 
A 

qyq *rl). t---q 

i f “I 

methyl)amines can be prepared from virtually any 
aliphatic or aromatic secondary amine, the two-step 
sequence illustrated below provides a convenient 
method to generate a wide range of azomethine ylides. 

R,NH, f (CH,),SICH,CI-R,NHCH,SI(CH,),~ ~1 

I 

The high chemical yields and potential regio- 
chemical control suggested that cycloaddition pro- 
cesses based upon the above strategy might be applied 
in the construction of a series of alkaloids. Prior to 
launching into the synthesis of complex molecular 
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systems using these reagents, we have designed and 
executed model studies with a series of optically active 
silyl arnines in order to probe the diastereoselectivity of 
the ~ycload~tion reaction. 

In spite of its simplicity and its obvious potential as 
an azomethine ylide equivalent, N-benzyl a- 
cyanoaminosilane 8 could not be found in the 
literature. This reagent was conveniently prepared in 
multigram quantities by treating benzylamine with 
chloromethylt~methyls~~e followed by reaction of 
theresu~ting~ond~y~newithfo~~dehydein the 
presence of potassium cyanide; NMR (CDC13, 90 
MHz)G0.10(9H,s),2.02(2H,s),3.23(2H,s),3.51(2H,s) 
and 7.20 (SH, s). A solution of 8 and fumaronitrile in 

I ArCM=CHNO, 
‘s: R&N 

pi R=Ph 

No 

7 
Ar 

9: *r-C,H& HtPh 

acetonitrile was allowed to react in the dark with a 
slight excess ofsilver fluoride. Stirring was continued at 
25” over the course of 10 hr. The black precipitate that 
formed was filtered, the solvent was removed under 
reduced pressure and the residue was subjected to silica 
gel chromato~aphy to provide trans-3,4-dicyano-N- 
benzylpyrrolidine (10) in 69% yield. The azomethine 
ylide 9 derived from 8 could also be trapped with 
both cirmamonitrile and 1-nitro-243,4_methylene- 
dioxyphenyl)ethene in good yield. 

All octet-stabilized 1,3-dipoles examined so far in the 
~teraturehave~nshowntoundergostereos~ficc~ 
~ycload~tion.39 In order to determine whether the 
azomethine-ylide generated from the silver fluoride 
treatment of a-cyanosilylamine 8 behaves similarly, we 
have studied the reaction of 8 with cis and truns 
disubstituted dipolarophiles. It was found that the 
cycloaddition with dimethyl fumarate and maleate 
proceeds stereospecifically and yields pyrrolidines 13 
and 14 in good yield. The rru~-fum~ate cycloadduct 

WOI dcO,CH, 

“r;l 
cw v OC% 
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13 showed NMR signals (CDCl,, 360 MHz) at 6 2.79 
(dd,2H,J = 9.3and5.9Hz),2.91&2H,J = 9.3Hz),3.45 
(dd,2H,J = 9.3 and59Hz), 3.61(~,2H),3.70(s,6H)and 
7.25 (s, SH). The cis-maleatecycloadduct 14 exhibited a 
set of signals at 2.73 (m, 2H), 3.16 (m, 2H), 3.32 (m, 2H), 
3.65 (rn, 8H) and 7.3 (m, 5H). Additional information 
which supports the stereochemical assignments was 
obtained from some base-catatyzed epimerization 

experiments. The cis-maleate adduct 14 was found to 
isomerize to the thermodynamically more stable 
fumarate adduct on treatment with sodium methoxide 
in methanol. The stereos~ficity of the reaction is 
most consistent with the involvement of an azomethine 
ylide which undergoes concerted cycloaddition across 
the dipolarophiles’ r-bond. 

All attempts to obtain a cycloadduct from the 
reaction of 8 with non-activated oletins (i.e. 
cyclohexene, l-octene, etc.) failed. Our inability to 
isolate a 1,3cycloadduct with these systems is perfectly 
consistent with the principles of frontier MO theory.43 
Azomethine ylides generally react with electron 
deficient alkenes, since such a pair of addends possesses 
a narrow dipole HOMO-dipolarophile LUMO gap.*” 

1,3-Dipolar cycloaddition of azomethine ylides to 
heteromultiple bonds is a widely applicable and 
convenient route to a variety of heterocyclesJ9 
Aromatic aldehydes react with azomethine ylides 
derived from aroylaziridines to give oxazolidines in 
high yield.45*46 The observed regioselectivity is due to 
the dipole HO-controlled addition reaction. Specific 
addition across the carbonyl group occurs with a#- 
unsaturated aldehydes, illustrating the high dipolaro- 
philic activity of the carbonyl group compared with the 
carbon-carbon double bond.46 We have found that a- 
cyanoaminosilane 8 reacts smoothly with benzaJ- 
dehyde in the presence of silver fluoride to give N- 
benzyl-5phenyloxazolidine (15) in high yield The 
structure of oxazolidine 15 was verified by comparison 
with an authentic sample prepared from the reaction of 
styrene oxide, benzylamine and par~o~~dehyde. 

[cMJ,S~C~~,NCH,~N + Phcno 
c HtPh 

!! 

* ’ f PhCH,NII, +Wh HC%NHCW’h 

Our first indication that some diastereoselectivity 
could be achieved in these cycloadditions was gleaned 
from the reactions of R( + )-N-(l-phenylethyl)-N- 
cyanomethyl-N-t~ethylsilylmethyl~ine (16). Opti- 
cally active a-cyanoamino silane 16 was prepared 
by treating R( + )-a-methylbenzylamine with chloro- 
methyltrimethylsilane followed by reaction of the 
resulting secondary amine with formaldehyde in the 
presence of potassium cyanide. The identity of 16 was 
determined by its straightforward spectral charac- 
te~sti~[NMR(~MHz)~ 1.33(6,3H,J = 6.OHz),2.02 
(d, lH, J = 15.0 Hz), 2.14 (d, lH, J = 15.0 Hz), 3.38 (d, 
1H,J=18.0Hz),3.55(d,1H,J=18.0Hz),3.6O(q,lH, 
J = 6.0 Hz) and 7.30 (s, SH)]. When benzaldehyde 
was used as the dipolarophile, a 1: 1 mixture of 
diastereomeric oxazolidines (1’7) resulted. On the other 
hand, the ratio of diastereomeric cycloadducts (18) 
formed in the reaction of 16 with 1-nitro-2-(3,4- 
methylene~ox~henyl~th~e was 3 : 2 as determined 
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by proton NMR spectroscopy (360 MHz) (see 
Experimental). 

Diastereofacial selectivity in dipolar cycloadditions 
can generally be rationalized by assuming that a Felkin 
model transition state is adopted during the 
cycloaddition. *’ Azomethine ylide 19 derived from 
cyanoaminosilane 16 can adopt either of two 
conformations (i.e. 19A or 19B). With conformation 
19A, the preferred direction of dipolarophile approach 
is onto the face of the azomethine ylide anti to the 
phenyl group. Anti attack onto conformation 19B 
WOUIA result in the selective approach of the 
dipotirophile onto the opposite face of the dipole. 
Houk and co-workers*s and Anh and Eisenstein*’ 

have concluded that anti approach is generally favored 
due to the lack of unfavorable nonbonded orbital 
interactions in the transition state. Since the groups 
attached to the nitrogen atom of ylide 19 differ little in 
their size or electronic makeup, it is not surprising to 
find that the extent of diastereoselection is small. 

Since selectivity should increase as the size and 
electronic character of one of the groups attached to the 
chiral center is increased, we decided to explore 
diastereoselective azomethine ylide cycloadditions in a 
more thorough manner. The successful execution of 
high diastereoselectivity would be extremely valuable 
for the synthesis of a wide range of alkaloids. The next 
system we studied involved the preparation and 
cycloaddition chemistry of R( - )-N-(1-phenyl-2- 
methoxyethyl) - N - cyanomethyl - N - trimethylsilyl- 
methylamine (20). Treatment qfthis material with silver 
fluoride in the presence of benzaldehyde produced a 
3:2 mixture of diastereomeric cycloadducts (21). 

Reasonable diastereoselectivity was encountered from 
the reaction of 20 with 1-nitro-2-(3,4_methylene- 
dioxyphenyl)ethene. In this case, the azomethine ylide 
derived from 20 gave rise to a 4: 1 mixture of 
diastereomeric cycloadducts (22). The degree of 
diastereoselection does not seem to be influenced by 
the nature of the substituent group attached to the 0 
atom. For example, when optically active a- 
cyanoaminosilane 23 was used as the azomethine ylide 
precursor, an 80: 20 mixture of diastereomeric 
cycloadducts (i.e 2!5) also resulted. When benzaldehyde 
was used as the dipolarophile, however, a 1: 1 mixture 
of diastereomers (24) was formed. 

Although the present study is limited to the reactions 
with only two dipolarophiles, the diastereoselectivity 
observed with some of the systems is encouraging. 
While it would appear difficult to develop a general and 

predictive transition state picture which can precisely 
accommodate diastereoselectivity in azomethine ylide 
cycloaddition processes, the reasonable stereoselec- 
tivity found in several of these reactions can potentially 
be put to synthetic use. The cycloaddition reactions of 
optically active acyanoaminosilanes derived from 
amino sugars is currently underway. Utilization of this 
chemistry in the context of alkaloid synthesis is also 
being explored and will be reported on at a later date. 

EXPERIMENTAL 

All m.ps and b.ps are uncorrected. Elemental analysfil were 
performed by Atlantic Microlabs, Atlanta, Georgia. IR 
absorption spectra were determined on a Pcrkin-Elmer 467 
IR spectrophotometcr. UV absorption spectra were measured 
with a Gary Model 14 recording spectrophotometer, using 1 
cm matched cells. PMR spectra were determined at 90 MHz 
using a Varian EM-390 spbctrometer. Mass spectra were 
determined with a Finnegan 4OW mass spectrometer at an 
ionizing voltage of 70 eV. 

Preparation of N - benzyl - N - cyanomethyl - N - 
tritnethylsilybnethylumine (8). A soln containing 12.58 g of 
chloromethyltrimethylsilane and 33.10 g of henzylamine was 
heated with stirring a1 200” for 2.5 hr. At the end of this time 
0.1 N NaOH was added to the mixture in order to hydrolyze 
the white organic salt which had formed. The mixtpre was 
extracted with ether and the or&c layer was dried over 
MgS04 and concentrated under reduced pressure. The 
residue was distilled under reduced pressure (5 mmHg) and 
the fraction corresponding to N-hen@-N-trimethylsilyl- 
methylamine which boiled at 8!%90” was collected; 10.60 g 
(53%); NMR (CDCl,, 90 MHz) 60.10(s, 9H), 2.00(s, 2H). 3.78 
(s. 2H), and 7.28 (s, SH). 

To a soln containing 5.00 g of the ahove compound was 
added 25.8 ml of 1.0 N HCI which caused a white on1 to form. 
To the mixture was added 14 ml of THF, 2.10 g diKCN and 
2.48 ml of a 37% aqueous formaldehyde soln. The mixture was 
allowed to stir overnight and was then extracted with ether 
and washed with water. Theetherlayer wasdried over MgSO, 
and concentrated under reduced pressure to give 5.63 g (94%) 
of 8 as a clear oil ; IR (neat) 3004.2990.29CQ. 2800.1500.1460. 
1430,1370,1330,12ti, lioo,8so,74j,andjOOcm-‘;NMR 
(CDCl,, 90 MHz) d 0.10 (s, 9H), 2.02 (s, 2H), 3.51 (s, 2H) and 
7.20(s,5H);m/e232(M+),141,91,and78;’3C-NMR(CDCl,, 
50 MHz) d 0.04,45.0,46.6,61.4, 127.7, 128.6, 128.9 and 137. 
(Found : C. 67.24: H. 8.73 : N. 12.04. Calc for C. ,H,,N,Si : C. 
67.19; H, 8.67; N; li.OS%.) 

.>1”1 ~, 

Cycloaddition of N - benzyl - N - cyanomethyl - N - 
trimethylsilybnethylamine (8) with fimaronihile. A soln 
containing MO mg of 8.300 mg of fumaronitrile and 180 mg of 
AgFin 10mlofacctonitrilewasallowedtostirovemight inthe 
dark. At the end of this time the mixture was passed through a 
Celite column and the residue was chromatographed on a 
silica gel column using a 10% EtOAc-hexane mixture as the 
eluent. The major fraction contained tram10 as a clear oil 
(71%);IR (neatj3080,3040,2970,2930,2820,2250,1740,1500, 
1480,1455,1390,1360,1270,1215,1190,1070,920,890,745, 
and 700 cm-‘; NMR (CD&, 90 MHz) 6 2.7-3.0 (m, 4H), 
3.15-3.35 (m. 2H), 3.64 (s, 2H) and 7.30 (s, SH); m/e 211 (Me), 
91,81, and 70. (Found: C. 73.88: H. 6.33: N. 19.56. Calc for 
C,,H,,N,: C, $3.91; H, 8.20; N; 19.8Y/,.j 

Cycloaddirion of N - benzyl - N - cyanomethyl - N - 
trimthylsflylmethylumine (8) with ci nnamonitrile. A soln 
containing 500 mg of 8,290 mg of cinnamonitrile, and 290 mg 
of AgF in 10 ml of acctonitrile was allowed to stir for 10 hr in 
the dark. The mixture was diluted with CHCI,, filtered 
through C&e, and concentrated under reduced pressure. The 
residue was chromatographed on a silica gel column using a 
25% EtOAc-hexane mixture as the eluent. The major fraction 
(33%) contained tram-1 1 as a clear oil ; IR (neat) 3080, 3045, 
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2980, 2930, 2810, 2250, 1614 1500, 1470, 1460, 1375, 1350, 
1270,1215,1150,1080,1030,915,890,760,740,and700cm-‘; 
NMR(CDCl,,9OMHz)G2.60-3.20(m,5H),3.50-3.70(m,1H), 
3.67(s2H),and7.2-7.4(m,lOH).(Found:C,82.23;H.6.99;N, 
10.55. Calc for C,,H,,N,: C, 82.41; H, 6.92; N, 10.68%.) 

Cvcloaddition of N - benzyl - N - cyanomethyl - N - 
trimkhylsilybneth&mine (8) with 1 - &ro - 2-- (3.4 - 
methylenedioxypheny[)elhene. A soln containing 470 mg of 8, 
390 mg of I-nitro-243,4-mcthylenedioxyphenyl)ethene and 
260 mg of AgF in 6 ml of acctonitrile was allowed to stir in the 
dark for 10 hr. The mixture was diluted with CHCl,, filtered 
through Celite and concentrated under reduced pressure. The 
residue was chromatographed on a silica gel column using a 
10% EtOAchexane mixture as the eluent. The major fraction 
(WA) contained 12 as a yellow oil; IR (neat) 3ooo,2940,29CQ 
1610,1525,1490,1460,1360,1250,1200,1060,1000,850,740, 
and 700 cm-‘; NMR (CDCl,, 360 MHz) 6 2.66 (dd, lH, J 
= 9.0and7.2Hz),3.12(dd, lH,J = 10.8and7.9Hz),3.23(dd, 
1H.J = 9.0and8.3Hz),3.35(dd,lH.J = 10.8and4.3Hz),3.69 
(d,lH,J= 13.0Hz),3.74(d, lH,J= 13.0Hz),3.92(@ lH,J 
= 7.6and5.4Hz),4.87(ddd, lH,J = 7.6.5.4and4.7HzX5.95 
(s,2H).7.2-7.4(m,8H);m/e326(M+),26~231,169,135,91and 
77.(Found:C,66.4O;H,5.56;N,8.47.CalcforC,,H,,N30,: 
C, 66.25; H, 5.56; N, 8.58x.) 

Cycloaddition of N - benzyl - N - cyanomethyl - N - 
trimethylsilybnethylamine (8) with dimethyl fwnmate. A soln 
containing 500 mg of 8,320 mg of dimethyl fumarate and 290 
mg of AgF in 10 ml of acetonitrile was allowed to stir for 10 hr 
in the dark. The mixture was diluted with CHC&, filtered 
through Celite, and concentrated under reduced pressure. The 
residue was chromatographed on a silica gel c&mn using a 
loo/, EtOAehexane mixture as the eluent. The major fraction 
contained trots-13 as a clear oil (71%); IR (neat) 3OCQ 2940, 
2900.2800. 1730.1480, 1460, 1440, 1425, 1350.1200, 1060, 
1020; 930, i55.745, and-700 cm - ’ ; NMR (CDCl,, 90 MHz) 6 
2.79fdd. 2H. J = 9.3 and 5.9 Hz). 2.91 It. 2H. J = 9.3 Hz). 3.45 
(dd, iti,i = 4.3 and 5.9 Hz), 3.6jis,2Hi j.70&6H)and ;25(s, 
SH);m/e277(M+),227,226,186,and91.(Found:C,64.88;H, 
7.02; N, 4.78. Calc for C,,H,,NO,: C, 64.97; H, 6.91; N, 
5.05X.) 

Cycloaddition of N - benzyl - N - cyanomethyl - N - 
trimethylsilylmethylamine (8) with dimethyl male&e. A soln 
containing5OOmgoflI,320mgofdimethylmaleateand29Omg 
ofAgFin10mlofacctonitrilewasallowedtostirinthedarkfor 
10 hr. The mixture was diluted with CHCl,, liltered through 
Celite, and concentrated under reduced pressure. The residue 
was chromatographed on a silica gel column using a 10% 
EtOAc-hexane mixture as the eluent. The major fraction 
(45%)containedcis-14asaclearoi1;1R(neat)~,2940.2900, 
2800, 1730, 1480, 1470, 1460, 1425, 1350. 1200, 1060, 1020, 
1000,970.850,740, and 700 cm-’ ; NMR (CDCl,, 90 MHz) 6 
2.62.85 (m. 2H), 3.053.40 (m, 4H), 3.66 (s, 8H), and 7.27 (s, 
5HL [Found : C. 64.95 : H. 6.87 : N. 5.03. Calc for C, ,H , .NO, : 
C, ti.97; H, 6.91; N, :.0+/o.) 

____ 

Cycloaddition of N - benzyl - N - cyanomethyl - N - 
trimethylsilylmethylomine (8) with benzaldehyde. A so111 
containing2OOmgof~0.O9mlofbenzaldehyde,and 120mgof 
AgFin 5ml ofacetonitrile wasallowed tostirinthedarkfor 10 
hr. The mixture was diluted with CHC&, filtered through 
Celite. and concentrated under reduced pressure. The residue 
was subjected to flash chromatography using a 10% EtOAc- 
hexane mixture as the eluent. The major fraction (SPA) 
isolated contained 15 as a clear oil ; IR (neat) 3 100,2850,2700, 
1590,1490,1440,1340,1300,1140,1060,1020,1000,900,860, 
74O,and7OOcm-‘;NMR(CDCl,,9OMHz)G2.82(dd, lH,J 
= 12.0and8.0Hz),3.45(dd, 1H.J = 12.0and7.0Hz),3.81(.3, 
2H), 4.60 (s, 2H), s.15 (dd, 1H. J = 8.0 and 7.0 Hz); m/e 239 
(M’).133.132120.110,91.and77.(Found:C,80.22;H,7.21; 
h, 5.79. C&for C,,Hi,iO: C, 86.30; H, 7.16; N, 5.86%.) 

The structure of 15 was further verilied by an independent 
synthesis. A mixture containing 9.8 ml of styrene oxide, 10.2 g 
of benzylamine, and 0.7 g of benzylamine hydrochloride was 
stirred at room temp for 48 hr. The resulting residue was 
filtered and washed with ligroin to give a white solid. This 

material was recrystallized twice from ligroin to give 7.2 g 
(63%) of a white crystalline solid whose structure was assigned 
as N-benzvl-2-hvdroxv-2-fenvlcthylamineon the basii ofita 
spectrald&;m~p.1~10i”;I~(K~r)3350,3020,2980.2940, 
1610, 1590, 1490, 1480, 1440, 1360, 1280, 1240, 1150, 1100, 
1040,900,840,770, and 7oOcm-’ ; NMR (CDCl,, 90 MHz) 6 
2.3(brs,2H).2.65(dd,lH,J= 14.0and9.0Hz),285(dd,lH.J 
= 14.0 and 4.0 Hz). 3.80 Is. 2H14.70 (dd. 1H. J = 9.0 and 4.0 
Hz) and 7.25(s, lOI$. The‘abovdmate&l &as heated with 0.4g 
of parafommldehyde and a trace of benzylamine hydro- 
chloride in 10 ml of benzene for 24 hr. The solution was cooled 
and poured into water and extracted with ether. The ethereal 
extracts were washed with water, a sat NaCl aq, dried over 
MgSO* and concentrated under reduced pressure to give0.8 g 
(SPA) of a clear oil whose structure was identical to that 
obtained from the reaction of 8 with AgF in the presence of 
benzaldehyde. 

PreparationofR(+)-N-(1 -phenylethyf)-N-cyanomethyl- 
N - ~rimethylsilybnethylamine (16). A soln containing 2.42 g of 
trimethylsilylchloromethane and 7.36 g of R( +)-a- 
methyl&nz$amine was heated at 190” for 2 hr. At the end of 
this time 20 ml of a 5X NaOH aq was added and the mixture 
was extracted with dther. The organic layer was dried over 
MgS04 and was concentrated under reduced pressure to give 
a clear oil. This material was chromatographed on a silica gel 
columnusinga 10% EtOAc-hexanemixtureastheeluent.The 
major fraction contained 2.44 g (60%) of R(+)-N-(1- 
phenylethy1trimethylsi1ylmethyl)amine: IR (neat) 3340.3080, 
30402960,2900,2780,1600,1500,.1450,1370,1250,1120,920, 
880,760,700 cm- ’ ; NMR (CDCI,, 90 MHz) 6 1.30 (d, 3H, J 
= 6.0Hz),1.32(~,1H),1.87(s,2H),3.63(q,lH,J = 6.0Hz)and 
7.3(s,SH);m/e207(M+), 192,167,149,105,103,102,91 and77. 

To a stirred soln containing 2.7 g of the above compound in 
30mlofa 1 NHClwasadded lOmlofTHF, 1.3gofKCN,and 
16.2 ml of a 37% aqueous formalin soln. The resulting mixture 
was stirred for 12 hr and at the end of this time 20 ml of a 5% 
NaOH aq wasaddedand themixture wasextracted withether. 
The organic layer was dried over MgS04 and was con- 
centrated under reduced pressure to give a clear oil. This 
material was chromatographed on a silica gel column using a 
10% EtOAc-hexane mixture as the eluent. The first fraction 
contained pure R( +)-16 as a clear liquid (1.72 g, 70%); IR 
(neat) 3074 3040, 2960, 2900, 2850, 2795, 2240, 1600, 1500, 
1455.1430,1250,1140,850,770,700cm-’; NMR(CDCl,,90 
MHz)b1.33(d,3H.J =6.0Hz).2.02(d,lH.J= 15.OHz),2.14 
(d, lH, J = 15.0 Hz), 3.38 (d, lH, J = 18.0 Hz), 3.55 (d, 1H. J 
= 18.0 Hz), 36O(q, lH, J = 6.0 Hz)and 7.30(s, 5H);m/e246 
(M’), 231,209,174.147,141,105,103,79 and 77. (Found: C, 
68.15; H, 8.75; N, 11.26. Calc for C,4H,,N2Si: C, 68.24; H, 
9.00; N, 11.37x.) 

Cyclooddition of R( +) - N - (1 - phenylethyf) - N - 
cyanomethyl- N - ~rimethylsilylmethylnmine(l6) with 1 - nilro - 
2 - (3,4 - melhylenedioxyphenyl)elhene. A soln containing 
570 mg of 16,447 mg of I-nitro-243,4-methylenedioxyphenyl)- 
ethene and 290 mg of AgF in 10 ml of acetonitrile was allowed 
to stir at 25” for 36 hr. At the end of this time the mixture was 
passed through a Celite column and the residue was chromate 
araohed on a silica gel column using a 1o”/o EtOAc-hexane 
mixture as the eluen<The major frac;on contained 392 mg of 
18 as a vellow oil GO??) : IR Ineat) 3040.3020.2980.2900.2800, 
1610, l-550,1510:1485. 14j0, lj70,1250, l&0,980,880,820, 
770,700 cm-‘; NMR (CDCI,, 90 MHz) b 1.38 (d, 3H, J = 
6.5Hz),2.55(m,1H),2.99-3.40(m,4H),3.6-4.0(m,lH),4.74.9 
(m, lH), 5.95 (s, 2H), 6.7G6.86 (m, 3H) and 7.35 (s, 5H); m/e 
340(M+).325.294,161,149.135,131.105,103and77.The360 
MI& NMR spectrum(CDCl,)shows the presence of two dia- 
stemmers in a 3: 2 ratio: 6 1.41 (d. 3H. J = 6.50 Hz, 40% of 
diastereomer A), I .42 (d, 3H, J = &MHz, 60% ofdiastereomer 
B), 2.5 (dd, J = 9.20 and 7.41 Hz), 2.70 (dd, J = 9.31 and 6.73 
Hz),3.07(dd,J = 9.9Oand7.84Hz),3.23(dd,J = 10.90and4.23 
Hz), 3.30-3.40 (m, 2H), 3.83-3.90 (m, lH), 4.814.88 (m, lH), 
5.95 (s, ZH, W”/, of diastereomer A), 5.%(s, 2H, 60% of diasterw>- 
mer B), and 7.35 (m, 5H). (Found C, 66.81; H, 5.73; N, 8.20. 
Calc for C,,H20N20,: C, 67.04; H, 5.92; N, 8.23x.) 
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Cyclooddition of R( +) - N - (1 - phenylethy[) - N - 
cyanomethyl - N - trimethylsilylmethylamine (16) with 
benraldehyde. A soln containing 570 mg of 16, 245 mg of 
benzaldehyde and 290 mg of AgF in 10 ml of acetonitrile was 
stirred for 36 hr at room temp. At the end of this time the 
mixture was passe-d through a Celite column and the residue 
was chromatographed on a silica gel column using a IV/. 
EtOAc-hexane mixture as the eluent. The major fraction 
contained 350 mg of 17 as a clear oil (60X); IR (neat) 3080, 
3045, 2990, 2940;2880, 2800, 1600, lso0,-i450, 1380, 1360, 
1310.1220,1180.1080. 1060.970.910,760.700cm-‘: NMR 
(CD& ti MHz) 6 l.j6 (d,3H, j = 6.0 Hz), 2.61 (dd; lH, J 
= 12.0and9.0Hz),3.20-3.60(m,2H),4.4&4.60(m,2H),5.03(t, 
1H.J = 6.0Hz),7.33(s, lOH);m/e253(M+), 149,147and 105. 
The 360 MHz NMR spectrum (CD&) shows two 
diastereomers in a 1: 1 ratio : 1.40 (d, 3H, J = 6.4 Hz, WA of 
diastereomer A), 1.41 (d, 3H, J = 6.4 Hz, 50% of diastereomer 
B),2.65(dd,J =9.0and8.9Hz),3.30(dd,J = 10.3and6.6Hz). 
3.36 (dd, J = 10.3 and 6.6 Hz), 3.s3.60 (m, lH), 4.45 (d, J 
= 8.7 Hz), 4.47 (d, J = 8.3 Hz), 4.55 (d, J = 8.3 Hz), 4.59 (d, J 
= 8.7 Hz), 5.10(m, IH), 7.22-7.45 (m, 10H). (Found C, 80.39; 
H, 7.48; N, 5.34. Calc for C,,H,,NO: C, 80.57; H, 7.56; N, 
5.53%.) 

Preparationof R( -)- N -(l -phenyl- 2-methoxyethyl)- N - 
cyanomethyl - N - trimethylsilylmethylomine (20). A soln 
containing 2.52 g of 
methoxyeihane’O 

R( -)-1-amino-1-phenyl-2- 
m i5 ml of acetonitrile and ‘4.1 i of 

trimethylsilvl iodide was stirred at 90” for 12 hr. At the end of 
this timk 20~ml of a 5% NaOH aq was added and the mixture 
was extracted with ether. The organic layer was dried over 
MgSO, and was concentrated under reduced pressure to give 
a clear oil. This material was chromatographed on a silica gel 
columnusinga lPAEtOAc-hexanemixtureastheeluent.The 
first fraction contained 3.13 R of R( - )-N-(1-phenyl-2- 
methoxyethy&N-trimethylsilylm%hylamke’(8C%) :-IR (neat) 
3360, 3080, 3040, 2970, 2900, 2840, 2780, 1600, 1500, 1450, 
1350, 1250,1200, 1160,980,870,750, and 700 cm-‘; NMR 
(CDCl,,9OMHz)6 166(brs, lH), 1.86(~,2H),3.40(~,3H),3.43 
(d.2H.J = 6.0Hz).3.81(dd.lH.J = 9.0and6.0Hz)and7.33(~. 
jI$; m/e 237 (MI), 192,149,~35,134,103 and 7j. ’ ’ 

Toasolncontaining56Omgoftheabovecompoundin IOml 
ofa 1.ON HCI wasadded 6mlofTHF, 304mgofKCN and 1.1 
ml ofa 37% aqueous formalin soln. The resulting mixture was 
stirred for 12 hrandat theendofthis time20mlofa 5% NaOH 
aq was added and the mixture was extracted with ether. The 
organic layer was dried over MgSO, and was concentrated 
under reduced pressure to give a clear oil. This material was 
chromatographed on a silica gel column using a 10% EtOAc- 
hexane mixture as the eluent. The major fraction contained 
542 mg of R( -)-to (83%): IR (neat) 3080,3050,2970,2910, 
2840,2250,1600,1500,1450,1430,1260,1200,1100,860,770, 
and710cm-‘;NMR(CDCl,,9OMHz)G1.75(d,1H,J = 14.0 
Hz), 1.99 (d, lH, J = 14.0 Hz), 3.33 (s, 3H), 3.45-3.85 (m, 5H) 
and 7.36 (s, 5H); m/e 276 (M+), 231,135,128,105,103 and 77. 
(Found:C,64.88;H,8.69;N,10.04.CalcforC H N 0%: 1s 24 2 
C, 65.17; H, 8.75; N, 10.13X.) 

Cyclo&&iono~R( -)-firi -phenyl-2-methoxyethyl)-N- 
cyanomethyl- N - trimethylsilylmethylomine(2O) with 1 - niu’tro - 
2 - (3.4 - melhylenedioxypheny[ethene. A soln containing 637 
mg of 20, 447 mg of l-nitro-2-(3,4-methylenedioxyphenyl)- 
ethene and 290 mg of AgF in 10 ml of acetohitrile was stirred 
for 36 hr at room temp. At the end ofthis time themixture was 
passed through a Celite column and the residue was 
chromatographed on a silica gel column using a 10% EtOAc- 
hexane mixture as the eluent. The major fraction contained 
256 mg (WA) of a yellow oil which was identified as 22 on the 
basis of the following spectral data : IR (neat) 3070,3040,2990, 
2940,2900,2820,1640,1510,1495,1450,1250,1155,1040,940, 
810,770, and 710 cm-‘; NMR (CDCI,, 90 MHz) 6 2.66 (m, 
lH), 3.12(m, 1H). 3.33(s, 3H). 3.41-3.92-(m,6H),4:83(m, li& 
5.80 (s, 2H), 6.69-6.76 (m, 3H), 7.35 (s, 5H); m/e (30 eV) 370 
(M’), 325,207,204,160,161,149,I19,105,103.96,91 and 77. 
The 360 MHz NMR spectrum (CD&) shows the presena of 
two diastereomers in a 4 : 1 ratio : 2.60-2.70 (m, 1 H), 3.10-3.20 

(m, lH), 3.25-3.30 (m, lH), 3.305 (s, 3H, 20% of diastereomer 
Al3.313(s.3H.800/,ofdiastereomerB).3.~(t.1H.J = 2.0Hz). 
3.‘&3.55‘(m, iH)i %70-3.8O(m, lH), 3.85-i.95 (& lH), 4.g 
4.85 (m, IH), 5.945 (s, 2H, 20”/. diastereomer A), 5.955 ($2H, 
800/, of diastereomer B), 6.7Ck6.80 (m, 3H), 7.23-7.35 (m, 5H). 
(Found:C,64.93;H.5.81;N,7.72.CalcforC,,H,,N,O,:C, 
64.85 ; H, 5.99; N, 7.56x.) 

Cycloadditiono/R(-)-N-(l-phenyl-2-methoxyethyl)-N- 
cyanomethyl - N - trimethylsilybnethylamine (20) with benz- 
oldehyde. A soln containing 637 mg of 20, 245 mg of 
benzaldehyde and 290 mg of AgF in 10 ml of acetonitrile was 
stirred at room temp for 32 hr. At the end of this time the 
mixture was passed through a Celite column and the residue 
was chromatographed on a silica gel column using a lo”/, 
EtOAc-hexane mixture as the eluent. The major fraction 
contained 213mgofaclearoil(W~)which wasidentifiedas21 
on the basis of following spectral data: IR (neat) 3095, 3070, 
3060,2980,2930,2890,2820,1600,1498,1455,1350,1120,970, 
760, and 710 cm-‘; NMR (CDCls, 90 MHz) 6 2.52-2.79 (m, 
IH), 3.33 (s, 3H), 3.40-3.90 (m, 4H), 4.48-4.69 (m, 2H), 4.90- 
S.O8(m, lH),7.32(brs, lOH);m/e283(M’),281,238,208,164, 
147, 140,117,105,103,91,77. The 360 MHz NMR spectrum 
(CDCI,) shows the presence of two diastereomers in a 3: 2 
ratio : b 2.61 (dd, J = 10.5 and 8.OHz), 2.73(dd. J = 10.5 and 8.0 
Hz), 3.30 (s, 3H, 60”/. of diastereomer A), 3.32 (s, 3H, 40% of 
diastereomer B), 3.40-3.55 (m, 2H). 3.6s3.75 (m, 2H), 4.51 (m, 
lH), 4.63 (m. lH), 4.955.05 (m. IH), 7.22-7.40 (m, 10H). 
(Found:C,76.18;H,7.52;N,4.71.CaIcforC,,H,,NO,:C, 
76.29 ; H, 7.47 ; N, 4.94x.) 

Preparation of R( -) - N - (I - phenyl - 2 - 
methoxyethoxyethyl) - N - cyanomethyl - N - trimethylamine 
(23). A soln containing 2.96 g of R( - )-1-amino-1-phenyl-2-(2- 
methoxyethoxy)ethane” in 15 ml of acetonitrile and 4.1 g of 
trimethylsilyl iodide was stirred at 90” for 12 hr. At the end of 
this time 20 ml of a 5% NaOH aq was added and the mixture 
was extracted with ether. The organic layer was dried over 
MgSO, and was concentrated under reduced pressure to give 
a clear oil. This material was chromatographed on a silica gel 
column usinga lO%EtOAc-hexanemixtureas theeluent.The 
first fraction contained 3.2 g of R( -)-N-(1-phenyl-2- 
methoxyethoxyethyl)-N-trimethylsilylmethylamine (75X): 
IR (neai) 3350,~302~,3070,2960. -%O& 2820,~2780,1fiOO~ 1%). 
1460.1310,1250.1200.1110.860.760.and 7101~~‘: NMR 
(CD&,!% MH;) 6 1.72(s, lk), l.i6(8 2H), 3.44(s, 3Hj, 3.50- 
3.9O(m,7H)and7.39(s.SH);m/e281 (M-),279,192,149,140, 
122,109, 105, 104,103,101,79 and 77. 

To a stirred soln containing 663 mg of the above compound 
in10mlofa1.0NHCIwasadded6mlofTHF,304mgoFKCN 
and 1.1 ml of a 37% aqueous formalin soln. The resulting 
mixture was stirred at room temp for 12 hr. At the end of this 
time 20 ml of a 5% NaOH aq was added and the mixture was 
extracted with ether. The organic layer was dried over MgSO* 
and was concentrated under reduced pressure to give a clear 
oil. This material was chromatographed on a silica gel column 
using a 10% EtOAc-hexane mixture as the eluent. The maior 
fraction contained 604 mg of R( - )-X3 (80%) : IR (neat) M?5, 
3060, 2960, 2900, 2830, 2240. 1600, 1500, 1455, 1430, 1410, 
1250, 1200, 1140, 1100,860,840,770, and 71Ocn-‘; NMR 
(CD&, 90 MHz) d 2.07 (d, lH, J = 15.0 Hz), 2.17 (d, lH, J 
= 15.0Hz),3.38(s.3H).3.~3.70(m.9H)and7.341s.5H):m/e 
320 (M +),278,2bi, 2ji, 105, 104,‘ld3,9i and 77. $ou~: i=, 

63.65;H,8.74;N.8.51.CalcforC,,H,,N,O,Si:C,63.71;H, 
8.81; N. 8.74X.) 

Cyclooddi&n of R(-) - N - (1 - phenyl - 2 - methoxy- 
ethoxyethyl) - N - cyanomethyl- N - trbnethvlsilvlmethvlamine 
(23) with- 1 - nit;0 - 2 --(3,4 - dimet~ylekoxy&eny& 
ethene. A soln containing 370 mg of 23,224 mg of I-nitro-2- 
(3&dimethylendioxyphenyl)ethene and 145 mg of AgF in 
10 ml of acetonitrile was stirred at room temp for 32 hr. At 
the end of this time the mixture was passed through a 
Celite column and the residue was chromatographed on 
a silica gel column using a 10% EtOAc-hexane mixture as 
the eluent. The major fraction contained 96 mg of a yellow oil 
(20%) which was identified as 25 on the basis of the following 
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spectral data: IR (neat) 3060,3OOO, BOO, 2820, IS%, i.5OO, 
145O, 1360, 12s0, 1100, WO, 93O, 810,770, and 7OOcn-‘; 
NMR (CDCl,, 90 MHz) 6 2.8O(dd, 1 H, J = 11.0 and 8.0 Hz), 
Il.lJ(m~ iH),i41(s,3H);3.51-3.82(m, lOH),4.84-S.OO(m, lAj, 
6.02 (s, 2H), 6.69-6.76 (m. 3H), 7.40 (s, 5H); m/e (40 eV) 414 
(M’X325.278,161.148,131.118,105,91 and77.The3~MHz 
NMR &XX&) shows the presence of two diastereomers in a 
4: 1 ratio:2.63-2.70(m, lH),3.10-3.20(m,lH),3.23(~,3H,80o/, 
of diastereomer A), 3.33 (s, 3H, 2ff!Z, of diastereomer B), 3.25 
3.35(m, 1H),3.4@-3.60(m~6H),3.89-3.90(m,2H),4.804.90(m, 
1H). 5.94 (s. 2H. 80% of diastereomer AX 5.95 (s 2H. 20X of 
d&tereo&r B); 6.7%6.83(m, 3H), X25-?.45(m; SH). {Found : 
C,63.81;H,6.27;N,6.58.CalcforCS,H,,N1G6:C,63.75;H, 
6.32; N, 6.76x.) 

r3P. M. Wovkulich and M. R. Uskokovic, 1. Am. Chem. Sot. 
103,3956 (1981). 

Cycloaddition of R(-) - N - (1 - pheey~ - 2 - metlroxy- 
ethoxyerhyl) - N - cyanomefhyl - N - trimethylsilytnrerhylilmine 
(25) with benzaldehyde. A soln containing 370mg of& 125 mg 
ofbenzaldebydeand 145mgofAgFin 1Omlofacetonitrilewas 
stirred at room temp for 32 hr. At the end of this time the 
mixture was passed through a Celite column and the residue 
was chromato~aph~ on a silica gel column using a 10% 
EtOAc-hexanc mixture as the eluent. The major fraction 
contained 87 ma of a clear oil (23X) which was identified as 24 
on the basis of ?olIowing sp&tr~l”data: IR (neat) 3080,3050, 
2940,2900,2830,1500,1460,1210, 1110,1040,770, and 710 
cm-t; NMR (CDCl,, 90 MHz) 6 2.60-2.92 (m, IH), 3.42 (s, 
3H), 3:51-3.92{m, SH), 4..5@4.7O(m, ZH), 4.?%5.20 (m, IH), 
7.33 (brs, IOH); m/e (4OeV) 323 (M’), 238,208,159,149,123, 
122 108,106,105,1@4,103,91 and 77. The 360 MHz NMR 
spe&rum (CDCl,) shows the presence of two diastereomers in 
a 1: 1 ratio: 2.58 (dd, J = 10.4 and 8.0 Hz), 2.76 (dd, J = 10.4 
and 8.0 Hz). 3.33 (s. 3H, 50% of diastereomer A), 3.36 (s, 3H, 
wk of diastereomer B), 3.4c3.90 (m, 8H), 4.54 (dd, J = 12.6 
and 4.0 Hz). 4.66 (dd. J = 12.6 and 4.0 Hz). 4.95-5.07 (mm, lH1, 
7.25-7.48(&t, lOH).(Found:C,73.18;H,7~78;N,4.23.Calcfdr 
C,,HZsNO,: C, 73.36; H, 7.70; N, 4.28x.) 
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