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Abstract - AIBN lnitlated reaction of N-acylazlrldines 1 with Bu3SnH in 
refluxlng benzene provided products 5 and 8 of reductive ring opening. Yields 
(practically quantltatlve In most cases) fell drastically with sterlc hind- 
rance of the addltlon of Bu3Sn' to the acyl oxygen of 1. They depended to 
some extent on the experlmental conditions for hydrogen capturlng when 
azlrldlne homolysls provided a primary radical 3 or 6. The regloselectlvlty 
of (probably reversible) ring homolysis can be understood in terms of the 
stability of the arising radical (3, 6), of stereoelectronic control (e.g. li 
as compared to lh) and of frontier orbital interactions (1~). A possible dlf- 
ference in bond lengths as explanation for the formation of the primary radl- 
cal from 1~ did not find support from an X-ray structure analysis of N-tosyl- 
2-methyl-aziridine 11. Isomerlc products were obtained only twice (11, 1~) 
with a dependence of the ratio 5j:SJ on concentration and hydrogen isotope 
of Bu3SnH. No such dependence was found for the ratio 5:14 (reduction without 
and with an lntervenlng cycllzatlon of 3 leading to a pyrrolidone) obtained 
from the N-cinnamoylaziridine 11. This ratio (1:9 for 11 and 1:3 for In) must 
reflect the E-Z isomers in 3. The observed preference for the formation of E- 
3 from 2 can be explained by stereoelectronic and steric effects. A cinnamoyl 
double bond In 5 was saturated depending on experimental condltlons. 

A mechanism starting with single electron transfer (SET) has been proposed2 

for the nucleophlllc ring opening 

rated ketyl (ionic analogue of 2, 

undergo homolytlc cleavage of the 

homolytic cleavage was based on a 

of certain N-acylazlrldlnes 1. The gene- 

Na or Li in place of SnBu3) was assumed to 
-. 

azlrldlne ring. Indirect evidence3 for this 

method that has certain drawbacks. 4 The ho- 

molytic behavlour of aziridlnes with tervalent nitrogen can be better studled 

by the method described below. A first direct proof of a C-N homolysls in an 

azlrldlne proflted from charge annzhllation and was triggered off by a boryl 
5015 
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radical on a tetravalent aziridme nltrogen5. A C-N homolysls of an N- 

sulfonylazlrldlne was lnltlated by a radxal In posltlon 2 of the azlrldlne 
6 ring . We now report on the first homolyses lnltlated by generation of a 

ketyl-like Intermediate 2 through addition of Bu3Sn' to N-acylazlrldines 1. 
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Reaction of N-acylazlrldlnes 1 with an excess of trlbutyltln 

hydride and 0.1 equivalent of azoblsisobutyronltrlle (AIBN) In refluxlng ben- 

zene provided the products 5 and '8 after hydrolysis or methanolysls of the 

reaction mixture (Table 1). Without AIBN no reaction occurred except for 

thermal lsomerlzatlon of Id (16% 9b, 81% Id recovered). Such lsomerlzatlons 

are well known for sultably substituted N-acylazirldlnes. The dependence of 

reductive opening on decomposing AIBN 1s evidence for a radical chain process 

as depicted In Scheme 1. As required by step 3 + 4 or 6 + 7 of this mechanism 

one deuterlum atom was incorporated into the product (5-D, 8-D) when the 

reaction was run with Bu3SnD. Usually, reductive ring opening proceeded 

practically quantitatively unless the addition of Bu3Sn' to the acyl group of 

1 was sterlcally hindered. Such a hindrance with N-plvaloyl azlrldlnes (R4 = 

tBu) accounts for the low yield of 5b and for the failure of l,g to react. 

Sterlc hindrance of this step 1s probably responsible for the diminished 

yield obtalned from the N-benzoylazlrldine Id, since In its preferred ground 

state of nitrogen Inversion7 (R4C0 trans to large R3) the benzyl group (R') 

may be pushed towards the benzoyl group by the t-butyl group (R3). 

R2 

h 

HO 

NH 

R’ NHCOR’ 

10 

11 

The stability of radical 3 (final product 5) seems to be an Impor- 

tant factor for the regloselectlvlty of ring opening, since only twice the 

final product 8 indicated a competing formation of the less stable radical 6. 

However, in analogy to the Interpretation for the behavlour of cyclopropyl- 

carblnyl radicals derived from acyl cyclopropanes, 8.9 stereoelectronic con- 

trol of ring cleavage may also often favour step 2 + 3 over step 2 + 6. The 
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Table 1. Reactions of la-k 1n reflux1ng benzene with an excess of Bu3SnH 

or Bu3SnD and 0.1 equivalent of AIBN.a 

l-8 R1 R* R3 R4 equivalent % yield of products 

of Sn cpd. 5 8 19 lo 
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1.6 Bu3SnH 98 

1.6 Bu3SnD 97 

1.6 Bu3SnH gb 63b 12b 16b 

1.6 Bu3SnH 99 

1.6 Bu3SnH 50 38 12 

1.6 Bu3SnH 99 

1.6 Bu3SnH 99 

1.6 Bu3SnH 99 

1.6 Bu3SnH 94 

1.6 Bu3SnH 41 49 

1.6 Bu3SnH 61 30 

4 Bu3SnH 52' 34' 

1.6 Bu3SnD 58 15 

1.6 Bu3SnH 73d 0 

4 Bu3SnH 87 0 

1.6 Bu3SnD 58 0 

a Typically 5 mm01 (l-2.5 mmol) of 1, 0.5 mm01 (or less) AIBN and the given 
amount of t1n compound were refluxed 1n 100 ml (50 ml) of benzene for 2 

b hours (0.5 hours for the c1s-trans pair 1h.x). 
In order to avoid loss of 5b this run was analyzed from the H-NMR spectrum 
(Internal calibration of the Integral) of the product mixture. 9a and 10 
are artifacts of lb arising by solvolys1s of the reaction mixture. 

?d A repetition of this run gave 54% 53 and 32% 8~. 
A repetition of this run gave 70% Sk. 

N-acylaz1rld1nes differ from the acyl cyclopropanes due to the poss1b111ty 

of nitrogen Inversion. In principle, the former can change c1s and trans re- 

lations of the acyl group by going to another 1nversional ground state. Un- 

symmetrical substitution 1n 1 makes the two ground states unequal. The pre- 

ferred ground state of 11 as well as of 21 has the large groups in trans 
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position (Figure 1, top) and the small methyl group in cis posltlon relative 

to the N-substltuent. Sterlc repulsion as shown In the lower part (right) of 

Figure 1 dlsfavours the stereoelectronlc arrangement required for the clea- 

vage of the N-CPh bond. Thus, the less stable radical 61 is formed together 

with the more stable 31: both products 51 and 8~ are obtained. With the 

lsomeric CIS azlridine lh (as well as with lc and If) there 1s no stereoelec- 

tronlc difference for the two N-C bonds of 2 In the preferred inversional 

ground state; here the stability of the benzyllc radical 3 seems to control 

the regioselectivity of ring cleavage provldlng exclusively 5h (=51) from lh. 

With la,b,d,e both thermodynamic and klnetlc (stereoelectronlc) control would 

lead to the observed regioselectlvity of ring opening. 

Figure 1. Preferred lnvertomer of 21 (top) and line of vlslon (arrow) used 

for drawing the conformations (bottom) that give ring cleavage due to SOMO 

overlap. The conformation for homolysls of the N-CPh bond (right) is stern- 

tally disfavoured. Ph and OSnBu3 of the radical moiety may be Interchanged. 

A stereoelectronic effect cannot account for the formation of 8~ In 

addltlon to the expected 53. The product ratio 5J:8J varies from 2:l (low 

concentration of Bu3SnH) to 3:2 (high concentration of Bu3SnH) to 4:l (low 

concentration of Bu3SnD). This variation shows that, slmllar to the cyclopro- 

pane analogues (e.g. N In 2~ replaced by CH, trans isomer), 8 the radicals 33 
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and 63 rapzdly 10 equilibrate via 23 with a kinetic preference for the primary 

radical 6j and a thermodynamic preference for the secondary radical 33. The 

rate of step 63 + 73 depends on the concentration of the hydrogen source and 

on the Isotope of the latter. The faster this step is, the higher 1s the 

yield of 83 relative to that of 5j. With 2-methylcyclopropylcarblnyl radicals 

the kinetic preference for the formatlon of the primary homoallyl radical has 

been explained by frontier orbital control. 9,ll Our results with 1~ may be 

explained In the same manner. However, the following alternative explanation 

has obviously not yet been dlscussed and tested in the cyclopropane case. 

According to a recent theoretical determination of the molecular structure of 

methylcyclopropane its CH2-CH2 bond should be longer than its CHMe-CH2 

bond.12 We considered therefore the posslbillty of a length difference for 

the N-CH2 bond and the N-CHMe bond In 1~. Since 1~ is not crystalline we 

selected 2-methyl-1-tosylazirldlne (11) for an X-ray structure analysis. The 

essential results of this analysis are discussed by means of Figure 2. The 

plane through N-S-02 nearly bisects the aziridine ring as shown by the 

torsional angles 02-S-N-Cl (43.8(2)") and 02-S-N-C2 (-23.1(2)'). The bonds 

N-CHMe and N-CH2 are longer than the average azlrldlne value 1.474 2 given 

by Allen 13 while the C-C bond of the azlrldlne ring is shorter than the ave- 

rage 13 azirldine value 1.484 8. Such an influence of an electron withdrawing 

substituent on vicinal and distal bonds of three-membered rings can be 

expected. 14 An assumption of different lengths of N-C bonds in 1~ or 23, 

respectively, does not find support from the structure of 11. 

Figure 2. Structure of 11. Standard deviation of bond 1s 0.003 8. -- lengths 

For experimental details and atomic coordinates see Experimental Part. 
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The yields of 5, 8-10 and recovered 1 obtalned from la-x sum up to 

ca. 100%. For 1~ these ]olnt yields are smaller than 100% and decrease 

significantly with Bu3SnD. We have no explanation at present for this small 

deficit which is more pronounced In the reactions of lk. Despite complete 

conversion of lk we could ldentlfy only the product Sk whose yield (never 

exceeding 87%) Increased with the concentration of Bu3SnH and decreased when 

Bu3SnD was substituted for Bu3SnH as may be expected from an Isotope effect. - 

Thus, It appears that primary radicals 3 or 6 may find another reaction path 

which competes with hydrogen abstractlon. In chromatographlc fractions con- 

slstlng mainly of Bu3SnOH or (Bu3Sn)20 the 1 H-NMR spectrum revealed benzoyl 

groups of unldentlfled minor components. Since In the reactlons of benzoyl 

cyclopropane with Bu3SnH/AIBN in toluene some carbonyl reduction to an 

alcohol occurred 15 besides the expected ring opening analogously to step 

2k + 3k, we consldered the possibility of this side reactlon with lk. The 

respective product can formally be derived from an addltlon of azlrldlne to 

the carbonyl group of benzaldehyde and should produce benzaldehyde during 

workup. We were not able to detect benzaldehyde by thin layer chromatography 

in the runs with lk or In other runs. 

It 1s noteworthy that N-phenylsulfonylazlrldlne (11 devoid of the 

two methyl groups) did not react with Bu3SnH/AIBN under the experimental 

condltlons of Table 1. This sulfonylazlrldlne was quantltatlvely recovered 

in contrast to lk and the other N-benzoylazlrldlnes in Table 1. 

While focusslng our Interest on the process of ring opening and Its 

regioselectlvlty, we had a special reason 15 to further look Into the posslbl- 

lity of an intramolecular trapping of the radical 3 under the experImenta 

condltlons of Table 1. With the N-clnnamoylazlrldlnes 11,n (Scheme 2, Table 

2) this trapplng could be realized by provldlng the pyrrolldones 141,n as 

maln products In good yields. These yields lie remarkably close to the yields 

(86% 141, 78% 14n) obtalned from 1l.n and the llthlum salt of 9,10-dlhydro- 

anthracene In THF. 16 

A minor part of radxals 31,n did not cyclize as shown by the 

formatlon of 51-o. This part was greater with the tertlarv radical 3n than 
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with the primary radxal 31 and this part was practically constant In all 

reactions of 11 unaffected by the concentration of Bu3SnH or by the Isotope 

effect with Bu3SnD. The simultaneous formation of cycllzed 

cycllzed (5) products and Its independence of the hydrogen 

ratlonallzed by the formatlon of syn-anti isomers of 31,n. 

(14) and non- 

donor can be 
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Table 2. ReactIons of azlrldlnes 1l.n in refluxlng benzene with an excess of 

Bu3SnH or Bu3SnD and 0.1 equivalent AIBN.a 

l-5 R1 R2,R3 R4 equivalents yield (%) of products 

12-14 of Sn cpd. 

1 H H CH=CHPh 1.6 Bu3SnH (9) 51 (1) 5m (88) 141 

1 H H CH=CHPh 3.9 Bu3SnH (4) 51 (4) 5m (91) 141 

1 H H CH=CHPh 5 Bu3SnH (0) 51 (12) 5m (88) 141 

1 H H CH=CHPh 1.6 Bu3SnD (9) 51 (1) 5m (86) 141 

m H H CH2CH2Ph 

n H Me CH=CHPh 1.6 Bu3SnH (17) 5n (6) 50 (73) 14n 

0 H Me CH2CH2Ph 

a ExperImental condltlons as in Table 1. 

isomerlzatlon Z-3 : E-3 will be slow as compared to the subsequent 

steps 18 Z-3 + 12 and E-3 + 13. The only mechanism for an equilibrium 

between Z-3 and E-3 under the experimental conditions would be the reverslbl- 

llty of ring opening 2 + 3 with an intervening internal rotation in 2 (C-N 

bond). Conslderlng stereoelectronic prerequisites for ring opening In 2 there 

would be two rotamers each that could provide E-3 and Z-3. The rotameric 

population in 21 must depend on the relative sterlc demands of CH=CHPh and 

OSnBu3. The latter is more sterically demanding and thus favours rotamers 

yielding E-3 which cycllzes. With 2n only the N-CMe2 bond is split. This 

ImplIes that only one rotamer each gives E-3 and Z-3. Both these rotamers 

have one of the methyl groups on the side of 0SnBu3 in 2n. It seems that 

therefore the difference in rotameric populations 1s not so marked as with 21 

which gives a cycllzatlon/non-cycllzatlon ratio of 9:l as compared to the 

ratio of 3:l with 2n. There is no reason to assume a slgnlficant slowing down 

of the cycllzatlon step due to the greater stablllty of the tertiary radical 

E-3n as compared to E-31.l' 

Reduction of the C=C double bond In the non-cycllzed products (5m.c) 
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occurs obviously subsequent to the formatlon of 12 since this reduction 

increases with the concentration of Bu3SnH (first three entrles In Table 2). 

We therefore propose the sequence 12 -c 15 + 5m.o. Reduction of Schlff bases 

with trlalkyltln hydride and AIBN ln refluxlng cyclohexane has been described 

previously. 20 In our run with Bu3SnD. deuterlum was incorporated into 5m-D in 

both posltlons that follow from the above reaction sequence: one deuterlum In 

posltlon 2 of the ethyl group and one deuterlum In the benzyllc posltlon of 

the dlhydrocinnamoyl group. 

EXPERIMENTAL 

IR spectra (KBr tablets ynless otherwlse stated) were recorded on a PerkIn- 
Elmer 283 spectrometer. H-NMR spectra (250 MHz, 
Bruker WM 250 spectrometer. 

CDC13) were recorded on a 
Chemical shifts are given In ppm, coupling con- 

stants In Hz. Multlpllclty abbreviations: s, d, t, m, mc (multlplet centred 
at). Mass spectra were obtalned from a Varlan MAT 311-A spectrometer. Column 
chromatography (column dlmenslons given In cm) was performed with silica gel 
Merck 0.063-0.2 mm. TLC was performed on aluminlum sheets slllca gel 60 F254 
pre-coated Merck using CH2C12/ethyl acetate 25:l for the detectlon of 
benzaldehyde. 

Startlnq Materials. 

N-Acylazlridlnes la-c,f,k are known. 21 ld,e,g-l,l,n were prepared from the 
respective azlrldlne base (no substituent on N) and the respective acyl 22 
chloride (benzolc anhydrlde for lh and 11) according to a proven method. 
Ref. 1s given below for these bases except for the base required for Id whose 
synthesis follows. 

2-Benzyl-2-tert-butylazlrldlne. (Method of ref. 23) 
A Grlgnard preparation from 48.6 g (2 mol) of magnesium turnings and 253.2 g 
(2 mol) of benzyl chloride In 700 ml of dlethyl ether was mlxed with 700 ml 
of toluene and heated until internal temperature reached 110°C. A solution 
of 46.1 g of the oxlme of 3,3-dlmethyl-2-butanone (pinacolone oxlme) in 100 
ml of toluene was added dropwlse while stIrrIng. The mixture was refluxed 
another 3 h, cooled and mlxed with 500 g of Ice. The preclpltate was dlssol- 
ved by addltlon of ammonium chloride. The organic layer was separated and 
combined with three ethereal washings of the aqueous layer and evaporated. 
The residue was chromatographed (70 X 3). After removing by-products with 
CH2C12. elutlon with ethyl acetate provided the base which was dIstIlled In 
vacua. Yield 76%. 011; b.p. 75°C (0.1 Torr); IR (film) v 3300/cm; H-NMR 6 
1.01 (s, lOH, tBu and 1H of N-CH2), 1.48 (s, 1H of NCH2), 2.94 (d, 13.7 Hz, 
1H of N-C-CH2), 3.10 (d, 13.7 Hz, 1H of N-C-CH ), 7.04-7.13 (m, 2 o-H of Ph), 
7.22-7.39 (m, 2H, m-H and p-H of Ph). Anal. Calcd. for C13HlgN: C, 82.48; H, 
10.12; N, 7.40. Found: C, 82.29: H, 10.18; N, 7.64. 

2-Benzyl-1-benzoyl-2-tert-butylazlrldlne (la). Yield 96%. M.p. 117-118°C 
(ligroln): IR v 1655/cm; H-NMR 6 1.08 (s, !i?, tBu), 2.00 (s, 1H of N-CH ), 
2.44 (s, 1H of N-CH2), 3.15 (d, 15.0 Hz, 1H of N-C-CH ), 3.18 (d, 15.0 AZ, 1H 
of N-C-CH2), 7.02-7.21 (m, 5H. Ph of benzyl), 7.34-7.32 (m, 3 H, m-H + p-H 
of COPh), 7.83-7.90 (m, 2 o-H of COPh). Anal. Calcd. for C, 81.87; H. 7.90: N, 4.77. Found: C, 81.63; H, 7.84: N, 4.64. C20H23NO: 
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1-BenzoylTq-tert-butyl-2-phenylazirldlne (le). Yield 89% (Required azlrldlne 
base: ref"). M.p. 137-139°C (11gro1n); IRT 1646/cm; H-NMR 6 1.06 (s, 9H, 
=u), 2.69 (s, 1H of CH ), 2.87 (s, 1H of CH2), 7.01-7.61 (m, 8H, Ph and m-H 
+ p-H of COPh), 7.93-8.60 (m, 2 o-H of COPh). Anal. Calcd. for ClgHZINO: C, 
81.68; H, 7.58; N, 5.01. Found: C, 81.88; H, 7.62: N, 5.01. 

c1s-2-Benzyl-3-pheny~~l-tr1methylacetylaz1r1d1ne (Q). Yield 48% (Required 
az1r1d1ne base: ref. "). M.p. 73-74°C (CC14); IR V 1681/cm; H-NMR 6 1.26 (s, 
9H, tBu), 2.48 (dd, 14.7 Hz, 8.2 Hz, 1H of CH ), 2.91 (dd, 14.7 Hz, 4.9 Hz, 
1H of 
aromatic CH2), H). 

3.05 (mc, lH, 2-H), 3.69 (d, 6.2 AZ, 'PH. 3-H), 6.89-7.00 (m, 2 
7.10-7.24 (m, 3 aromatic H), 7.29-7.48 (m, 5 aromatic H). Anal. 

Calcd. for.C20H23NO: C,.8i.87; H, 7.90; fi, 4.77. Found: C, 81.60; H, 7.97: N, 
4.76. 

cls-l-Benzqyl-2-methyl-3-phenylazlrldlne (lh). Yield 95% (Required az1r1dlne 
base: ref."). M.p. 41-43°C (ligro1n); IR rl675/cm; H-NMR 6 1.16 (d, 5.7 Hz, 
3H. Me). 2.81-3.16 (m. 1H. 2-H), 3.76 (d, 6.7 Hz, 1H. 3-H), 7.30-7.48 (m, 
Ph'and.m-H + p-H of‘CbPh); 7.9jl8.08 (A,-2 o-H of COPh). Anal. Cald. for 

8H. 

C16H15NO: C, 80.97; H, 6.37; N, 5.91. Found: C, 80.93; H, 6.39: N, 5.90. 

trans-1-BenzoylT2-methyl-3-phenylazlrldlne (11). Yield 93% (Required azlr1- 
dine base: ref.-'). 011; IR (film) V 1670/cmrH-NMR 6 1.27 (d, 5.7 Hz, 3H. 
Me). 2.76-2.97 (m, lH, 2-H), 3.40 (d, 2.9 Hz, lH, 3-H), 7.23-7.48 (m, 8H. Ph 
and m-H + p-H of COPh), 7.93-8.04 (m, 2 o-H of COPh). Anal. Calcd. for 
C16H15NO: C, 80.97; H, 6.37; N, 5.91. Found: C, 80.80; H, 6.43: N, 5.89. 

l-Benzoyl-2-methylazlrldlne (a). Yield 89%. 011: IR(f1lm) v 1679/cm; H-NMR 6 
1.33 (d, 5.3 Hz, 3H, Me), 2.08 (d, 3.4 Hz, lH, trans 3-H), 2.47-2.56 (m, 2H. 
2-H and cis-3-H), 7.37-7.54 (m, 3H, m-H + p-H of Ph), 7.99-8.04 (m, 2 o-H 
of Ph). Anal. Calcd. for CIOHllNO: C, 74.51; H, 6.88: N, 8.69. Found: C, 
74.50: H, 6.83; N, 8.67. 

l-C1nnamoylaziridine (11). Yield 92%. M.p. 52-54°C; IR v 1672/cm; H-NMR 6 
2.26 (s, 4H, CH CH ), 6.66 (d, 16.0 Hz, lH, COCH=), 7.27-7.40 (m, 3H, m-H + 
p-H of Ph), 7.52-7?57 (m, 2 o-H of Ph), 7.70 (d, 16.0 Hz, lH, COC=CH). Anal. 
Calcd. for CllHllNO: C, 76.28; H, 6.40; N, 8.09. Found: C, 76.06: H, 6.35: N, 
8.10. 

1-C1nnamoyl-2,2-dlmethylazlrldlne (In). Yield 81%. 011; IR (film) v 1662/cm; 
H-NMR 6 1.37 (s, 6H, 2 Me), 2.25 (sF2H, CH ), 6.61 (d, 16.0 Hz, 1H. COCH=), 
7.37-7.40 (m, 3H, m-H + p-H of Ph), 7.53-7.30 (m, 2 o-H of Ph), 7.73 (d, 
16.0 Hz, lH, COC=CH). Anal. Calcd. for C13H15NO: C, 77.58: H, 7.51; N, 6.96. 
Found: C, 77.78; H, 7.42; N, 6.89. 

2-Methyl-1-(4-toluylsulfonyl)azlrldlne (11). Yield 90%. M-p. 64°C: IR v 1325, 
1162/cm; H-NMR 6 1.25 (d, 5.6 Hz, 3H. Mer 2.03 (d, 4.6 Hz, lH, trans 3-H), 
2.44 (s, 3H, Me of Ts), 2.61 (d, 7.0 Hz, lH, C~S 3-H), 2.83 (qdd, 5.6 Hz, 7.0 
Hz, 4.6 Hz, lH, 2-H), 7.29-7.36 (m, 2 m-H of Ts), 7.80-7.85 (m, 2 o-H of Ts). 
Anal. Calcd. for C 56.85; H, 6.20; N, 6.63; S, 15.18. Found: C, 
56.88; H, 6.25: N.l&1$?&::38. 

Reactions of 1 with Bu 
--a 

SnH/AIBN; typ 1cal procedure. Under nitrogen. a --- 
solution of 1. AIBN an Bu,SnH 1n dry benzene was heated to reflux for 2 h. 
Cf. Table 1 for further details. l-2 ml of water or methanol were added to 
the warm (ca. 40-60°C) mixture. The residue obtalned by evaporation was 
chromatographed (s111ca gel, 3 cm x 30 cm). or toluene removed excess 
of Bu3SnH. Products were then2gluted with 

CH Cl2 
CH2Cs 

6 
and/or ethyl acetate. Pro- 

ducts 5a,c,f,j-l,n, 8~ and 9a are known. New roducts are described below. 
Deuterated products (5-D, 8-D, 14-D) are described only by those H-NMR data 
that changed on deuteration; the degree of deuteratlon was 95-1008 (H-NMR). 

N-Isobutyl-trlmethylacetamlde (5b). M.p. 85'C; IR V 3365, 1645, 1545/cm; H- 
NMR B 0.91 (a, 6.8 Hz, 6H, CMe ), 1.21 (s, 9H. tBu), 1.78 (mc, N-C-CH), 3.07 
(mc. NCH2), 5.70 (s, 1H. NH). ii nal. Calcd. for CgHlgNO: C, 68.74; H, 12.18; 
N, 8.91. Found: C, 69.09; H, 12.27; N, 9.16. 
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N-(2-Benzyl-3,3-dlmethyl.butyl)benzamlde (5d). M.p. 79-81°C; IR v 3300, 1633, 
1555/cm; H-NMR 6 1.08 (s, 9H, tBu), 1.73 (mc, 1H. N-C-CH), 2.40 (dd, 13.7 HZ, 
11.0 Hz, 1 benzylic H), 3.07 (ddd, 13.7 Hz, 9 Hz, 4 Hz, 1 NCH), 3.15 (mc, 1 
benzyllc H), 4.01 (mc, 1 NCH), 5.42 (s, lH, NH), 7.13-7.44 (m, lOH, 2 Ph). 
Anal. Calcd. for C20H25NO: C, 81.31; N, 8.23: N, 4.74. Found: C. 81.04; H, 
8.37: N, 4.72. 

N-(3,3-Dlmethyl-2-phenylbutyl)benzamlde (5e). M.p. 85-87°C; IR v 3290, 1632, 
155O/cm; H-NMR 6 0.97 (s, 9H. tBu), 2.73 (dd, 12.2 Hz, 4.2 Hz, lH, N-C-CH), 
3.56 (ddd, 12.2 Hz, 13.3 HZ, 3.7 HZ, 1 NCH), 4.23 (ddd, 13.3 HZ. 4.2 HZ, 7.2 
Hz, 1 NCH), 5.66 (s, lH, NH), 7.18-7.47 (m, 10H. 2 Ph). Anal. Calcd. for 
c~~H~~No: c, 81.10; H, 8.24: N, 4.98. Found: C, 81.23; H, 8.23: N, 4.86. 

N-(1-Methyl-2-phenylethyl)benzamlde (5h=51). M.p. 128-129°C; IR v 3330, 1635, 
1540/cm; H-NMR 6 1.22 (d, 6.5 Hz, 3H. Me), 2.81-2.99 (m, 2H. CH,), 4.39-4.55 
(m. 1H. NCH). 5.96 (d, 5.7 Hz, lH, NH), 7.21-7.34 (m, SH, Ph), 9.37-7.51 (m, 
3H, m-H and p-H of COPh), 7.67-7.78 (m, 2 o-H of COPh). Anal. Calcd. for 
C16H17NO: C, 80.29; H, 7.16; N, 5.85. Found: C, 80.42; H, 7.21; N, 5.93. 

N-([2-D ]Propyl)benzamide (53-D). H-NMR 6 0.97 (d, 7.4 Hz, 3H. Me), 1.62 (mc, 
1H. CHD), 3.41 (dd, 6.8 Hz, 6.2 Hz, 2H, NCH2), 6.31 (s, lH, NH), 7.38-7.52 
(m, 3H, m-H + p-H of Ph), 7.73-7.79 (m, 2 o-H of Ph). 

N-([2-D ]Ethyl)benzamlde (5k-D). H-NMR 6 1.24 (tt, 7.2 Hz, 1.8 Hz, 2H, -- 
CH2D), 3.40 (mc, 2H, NCH2). 6.20 (s br, 1H. NH), 7.37-7.55 (m, 3H. m-H + p-H 
of Ph), 7.77 (mc, 2 o-H of Ph). 

N-([2-D ]Ethyl)clnnamamlde (51-D). H-NMR 6 1.20 (tt, 7.2 Hz, 1.9 Hz, 2H. -- 
CH D), 3.43 (mc 2H, NCH ), 5.82 (s br, lH, NH), 6.40 (d, 15.6 Hz, 1H. COCH), 
7.30-7.42 (m, 3&, m-H + Z-H of Ph), 7.44-7.54 (m, 2 o-H of Ph), 7.62 (d, 15.6 
Hz. lH, COC=CH). 

N-Ethyl-3-phenyl.propionamide (5m). Oil; IR (film) v 3310, 1647, 1556, 
1552/cm; H-NMR 6 1.07 (t, 7.3 Hz, 3H, Me), 2.42-2.48 (m, 2H, COCH ), 2.97 
(mc. CO-C-CH2), 3.25 (dq, 5.7 Hz, 7.3 Hz, 2H, NCH2), 5.35 (s br, IH. NH), 
7.15-7.24 (m, 3H, m-H + p-H of Ph), 7.24-7.33 (m, 2 o-H of Ph). C H NO 
Calcd. 177.1153. Found 177.1153 (MS). - 5m-D (2 D Incorporated): &lGi 6 1.05 
(tt. 7.2 HZ, 1.9 HZ, 2H, CH2D), 2.45 (d, 7.7 Hz, 2H. COCH2), 2.90-2.97 (m, 
lH, CO-C-CH), 3.25 (mc, 2H. NCH2). 

N-Isobutyl-3-phenylproplonamlde (50). M.p. 59'C; IR V 3320, 1640, 1550/cm; 
H-NMR60.83 (d, 6.7 
2H, COCH ), 2.47 (m 

Hz, 6H. 2 Me), 1.68 (sept, 6.7 Hz, lH, N-C-CH), 2.48 (mc, 
2H, CO-C-CH ), 3.03 (ad, 6.6 Hz, 6.1 Hz, 2H, NCH2), 

5.52 (s 2x-, lH, NH)T'7.15-7.23 (mf 3H. m-H + p-H of Ph), 7.23-7.35 (m, 2 o-H 
of Ph). Anal. Calcd. for C13HlgNO: C, 76.07; H, 9.33; N, 6.82. Found: C, 
75.92; H, 9.22; N, 6.92. 

N-(1-Phenylpropyl)benzamide (sl). M.p. 115-116'C; IR v 3360, 1640, 1525/cm; 
H-NMR 6 0.95 (t, 7.4 HZ, 3H, Me), l-88-2.01 (m, 2H. CH ), 5.03 (mc, 1H. NCH), 
6.46 (d, 7.3 Hz, 1H. NH), 7.23-7.39 (m, 5H, Ph), 7.40-3.50 (m, 3H, m-H + p-H 
of COPh), 7.75-7.78 (m, 
H. 7.16; N, 5.85. Found: 

2 o-H of COPh). Anal. Calcd. for C16H17NO: C, 80.29; 
C, 80.12; H, 7.26; N, 5.91. 

N-([Monomethyl-Dl]lsopropyl)benzamlde (8~-D). H-NMR 6 1.26 (d. 6.4 Hz, 3H, 
Me). 1.33 (da, 6.5 Hz, 14.4 Hz, 2H, CH D), 4.27 (mc, 1H. NCH), 6.14 (s. lH, 
NH), 7.36-7.51 (m, 3H, m-H + p-H of Phf, 7.73-7.80 (m, 2 o-H pf Ph). 

E-N-(2-Benzylidene-3,3-dlmethylbutylbutyl)benzam~de (9b). M.p. 115°C; IR v 3300, 
1628, 1515/cm; H-NMR 6 1.23 (s, 9H, tBu), 4.28 (d, 4.8 Hz, 2H, NCH ), 5.86 (S 
br. lH, NH), 6.66 (s, lH, C=CH), 7.19-7.54 (m lOH, 2 Ph). Anal. Ca cd. 3 for 
C20H23NO: C, 81.87; H, 7.90; N, 4.77. Found: C, 82.05: H, 7.99; N, 4.77. 

N-(2-Hydroxy-2-methylpropyl)-trlmethylacetamlde (10). M.p. 115°C; IR v 3375, 
1629, 1552/cm; H-NMR 6 1.21 (s, 
OH). 

6H. OCMe2), 1.23 (s, 9H, tBu), 3.15 (s, lH, 
3.26 (d, 5.9 Hz, NCH ), 6.29 (s br, lH, NH). Anal. Calcd. for CgHlgN02: 

C, 62.39; H, 11.05; N, 8.68. Found: C, 62.72: H, 11.11; N, 8.12. 
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3-Benzylpyrrolldln-Z-one (141). M.p. 107-109°C: IR v 3220, 1691/cm; H-NMR 6 
1.75-1.92 (m, 1H. 4-H). 2.07-2.22 (m, lH, 4-H), 2.57-2.77 (m, 2H, 3-H and 1 
benzyllc H), 3.16-3.34 (m, 3H, NCH2 and 1 benzyllc H), 6.43 (s br, lH, NH), 
7.14-7.38 (m, SH, Ph). Anal. Calcd. for C H NO: C, 75.40; H, 7.48; N, 7.99. 
Found: C, 75.68; H, 7.38: N, 7.83. - 141-b) A%JMR 6 2.57-2.77 (m, 1.5H. 3-H 
and 0.5 benzyllc H); 3.16-3.34 (m, 2.5H. NCH2 and 0.5 benzyllc H). 

3-Benzyl-4,4-dlmethylpyrrolldln-2-one (14n). M.p. 155-156'C; IR v 3300, 1705, 
1665/cm; IR (CDCl ) v 3230, 170O/cm; H-NMR 6 0.89 (s, 3H. Me), 1.09 (s, 3H, 
Me). 2.51 (dd, 9.3 Hz, 5.0 Hz, lH, 3-H), 2.58 (dd, 14.7 Hz, 9.9 Hz, 1 
benzyllc H), 2.93 (dd, 9.5 Hz, 1.6 Hz, 1H. NCH C~S to benzyl), 3.05 (d, 9.5 
Hz. 1H. NCH trans to benzyl), 3.22 (mc, 1 benzyllc H), 6.96 (s br, 1H. NH), 
7.17-7.26 (m, 1 o-H of Ph), 7.27-7.29 (m, 4 H of Ph). Anal. Calcd. for 
C13H17NO: C, 76.79; H, 8.41: N, 6.89. Found: C, 76.58; H, 8.33: N, 6.94. 

X-Ray structure analysis of 11. -- 11 crystallized In the monoclinic space group 
P21/c with 2=4 molecules per unit cell. The cell dimensions (8) are az3 
10.031(3), b=8.009(2), c=12.412(3); f3=97.60(3)". D 1.33 g cm . 2371 
independent reflexions In the range up to slnB/X&g6 g-T were measured on 
a diffractometer (Enraf-Nonlus CAD4, MoKn radlatlon, graphite monochromator, 
w-29 scan). 1546 Intensities were taken as observed (1>2.50(1)). The struc- 
ture was sqlved by direct methods. The full matrix refinement of 162 varl- 
ables on F with anlsotropic temperature factors for the heavy atoms and ISO- 
tropic ones for the hydrogens converged to an R factor of 0.036. All comgMta- 
tions were performed on a PDP-11/44 computer with the program system SDP . 

Table 3. 
Atomic coordinates of 11 and temperature factors U 29 

eq 
of non-hydrogen atoms : 

f_& = 1/3TFU,":";'4 

S 0 31502(5) 0 05289(6) -O-17455(4) 395(2) 
D(1) 0 27856(16) 0 04824(20) -0.29028(10) 566(8) 
O(2) 0 44854(14) 0 00104(19) -0 13190(12) 531(8) 
N 0 28069(16) 0 24433(21) -0 13599(13) 423(8) 
C(1) 0 38733(21) 0 37188(29) -0.14112(18) 507(11) 
C(2) 0 36120(25) 0 30796(30) -0 03535(19) 586(12) 
C(3) 0 19954(19) -0 06470(24) -0 11168(15) 387(g) 
C(4) 0 23897(22) -0 13179(28) -0 00931(17) 495(11) 
C(5) 0 14911(27) -0 22644(33) 0 03863(21) 658(14) 
C(6) 0 02159(27) -0 25478(33) -0 01465(25) 723(15) 
C(7) -0 01655(23) -0 18863(32) -0 11590(23) 699(14) 
C(8) 0 07143(21) -0 09235(28) -0 16581(18) 534(11) 
C(1') 0 33758(29) 0 53740(30) -0 18486(22) 696(15) 
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