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A novel synthesis of 2,2-disubstituted 3-amino-ZH-azirines based on the reaction between amide enolates and 
diphenyl phosphorochloridate (DPPCI), followed by treatment with NaN3 is presented. The yields obtained in 
general are excellent, and the method is suitable for laboratory-scale preparations as we11 as for larger amounts. 

Introduction. - 3-Amino-2H-azirines 1 are known to be valuable synthetic intermedi- 
ates for a wide variety of applications [l]. E.g., the use of 2,2-disubstituted 3-amino-2H- 
azirines 1 as synthons for CI,M -disubstituted amino-acid residues in peptide chemistry [l] 
[2] as well as in the construction of new heterocyclic systems is of remarkable importance 

On the other hand, the most general synthesis of 3-amino-2H-azirines 1 is based on 
the method developed by Rerzs and Ghosez in 1970 [7]. In this procedure, N,N-disubsti- 
tuted amides of type 2 (R1-R4 # H) are treated with phosgene, followed by base-cata- 
lyzed HCl elimination to yield CI -chloro-enamines 3, which are purified by distillation. 
Reaction with NaN, ilia keteniminium salts 4 gives a-azido-enamines 5, which in situ 
eliminate N, to afford 1 [8] [9] (Scheme I ) .  
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In the case of 2,2-dialkyl-3-(dimethylamino)-2H-azirines (1, R', R2 = alkyl; R', R4 
= Me), reaction with phosgene in C H Q ,  and with NaN, in Et20 or DMF leads to 
azirines in ca. 70 YO yield. However, for slower-reacting amides 2 (R' and/or R' = aryl), 
modified reaction conditions are needed. E.g., in the reaction with phosgene, the corre- 
sponding chloro-enamine 3 is formed spontaneously, if ca. 5 %  DMF is added to the 
CH,Cl, [lo] [ll]. A second possibility is offered by a route via the corresponding 
thioamides, where HCl elimination to the chloro-enamine occurs without the addition of 
a base [12]. A slightly modified route has also been used to synthesize C(2)-monosubsti- 
tuted 3-amino-2H-azirines, by saturating the initial amide solution with HCl in order to 
avoid a second and spontaneous HCl elimination to the corresponding ynamines [ 131. 

Other approaches leading to 3-amino-2H-azirines 1, though they are less general, 
include, for instance, the thermal decomposition of 4H-1,2,3-triazoles [14] [15], photoly- 
sis, and thermolysis of isoxazoles [16], and a modified Neber reaction [17]. 

In the 'Ghosez synthesis', the availability of the starting materials, the relatively low 
costs of the reagents, together with the high yields generally obtained, and the absence of 
by-products, render this procedure very attractive, especially suitable for large-scale 
preparations. However, the need of isolation of sensitive chloro-enamine intermediates 3 
and the requirement of special equipment to handle highly toxic phosgene, are serious 
draw-backs in this synthesis. Therefore, the development of an alternative methodology 
for the preparation of 1, that could match the following features, would be of interest: 
a )  Easy availability of the starting material. As in the 'Ghosez synthesis', N,N-disubsti- 
tuted amides of type 2, would constitute attractive compounds. b )  Simplification of the 
required equipment. c) Avoiding the use of toxic phosgene and the need of the isolation 
of the very sensitive chloro-enamine intermediates 3. d )  Good overall chemical yields, 
providing access to new 3-amino-2H-azirines. e )  Suitable procedure for use in labora- 
tory-scale as well as in large-scale preparations. 

2. Results and Discussion. - In this context, we wish to present our results concerning 
the synthesis of 3-amino-2H-azirines 1, based on the reaction of the corresponding amide 
enolates with diphenyl phosphorochloridate (DPPC1). Thus, when a solution of the 
corresponding amide 2 (R3 = Me, R4 = Ph) in dry THF is treated at 0" under Ar with a 
base like lithium diisopropylamide (LDA), and, after 1 h, the formed amide enolate 6 is 
treated at 0" with DPPC1, as smooth reaction takes place leading to the corresponding 
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chloro-enamines 3 (R3 = Me, R4 = Ph). Filtration of the solution containing 3, under Ar, 
into a suspension of NaN, in dry DMF furnishes after 3-4 days at room temperature 
2,2-disubstituted 3-amino-2H-azirines 1 (Ri = Me, R4 = Ph; Scheme 2). 
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A reaction mechanism is proposed in Scheme 3. Formation of the amide enolate 6 by 
means of LDA') and nucleophilic attack onto the phosphorous reagent 7, gives the first 
intermediate 8, which immediately leads to the keteniminium salt 4 (R3 = Me, R4 = Ph) 
and lithium diphenyl phosphate 9, a colourless solid, that precipitates from the reaction 
medium. Treatment of 4 with NaN, in DMF then yields the 3-amino-2H-azirine 1'). 

Scheme 3 
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In general, 2,2-disubstituted 3-(N-methyl-N-phenylamino)-2H-azirines 1 (R3 = Me, 
R4 = Ph) were obtained in good-to-excellent yields (Table I ) .  Only in the case of 9i, the 
yield is lower, probably due to the instability of the amide-enolate intermediate 6i under 
these conditions, though in the classical method the yield is similar [lo]. 

The azirines la-i, some of which had previously been synthesized by the phos- 
gene method, were characterized by their spectroscopical data (see Exper. Part) and, 

3, 

4, 

Other bases such as NaHMDS or LiHMDS (sodium or lithium hexamethyldisilazane) have been employed 
with similar results. 
Since the whole operation is performed under Ar with magnetic stirring, and because there is no need to isolate 
chloro-enamines 3, two three-necked reaction vessels, which have their central necks joined by a glass tube 
fitted with a frit, are used for the reaction. Reaction vessel A contains the corresponding amide 2 and is 
provided with a septum, through which the solvent and the base are added, and a two-way Y neck for 
admitting inert Ar. Reaction vessel B contains NaN, and is also provided with a septum for adding dry DMF, 
and is connected by a valve to the vacuum line for the filtration 1181. After the first part of the transformation 
has heen performed, and most of the phosphondte salt 9 has precipitated, the position of  the vessels are 
inverted, and the reaction mixture in vessel A is filtered into the NaN,/DMF suspension in vessel B which is 
being vigorously stirred. 
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Table 1. Synthesized 2,2-Disubstituted 3-(N-MeI/zy/-  N-pheny1amino)-2H-azirines I (R'=Me, R;'=Ph) 

2833 

I R' R' Yield [Yo] 

a Me Me 94 
b Me PhCH, 78 
C Ph Et 78 
d Ph Me 90 
e PhCH, Et 79 
f CH2=CHCHZ Me 85 
g - (CHd- 86 
h -(CH2)4- 87 
i -(CHz)s- 45 

chemically, by making use of the smooth reaction of benzothiocarboxylic acid 10 with 
2,2-disubstituted 3-amino-2H-azirines [ 101 [ 111 (Scheme 4 ) .  The resulting crystalline 
thioamides 11 can be isolated easily by filtration in analytically and spectroscopically 
pure form (Table 2). 

Scheme 4 

1 0  1 R3 = Me, R4 = Ph 11  

Table 2. Synthesized N-(1- ( N-Methyl- N-yheny~thiocarbumoyl)alkyl]benzumides I 1  

11 R' R' Yield [YO] M.p. ["I 
a Me Me 94 166.6167 
b Me PhCH, 94 150-1 5 1 
C Ph Et 75 205-206 
d Ph Me 82 163-1 63.8 
e PhCH2 Et 95 128-129 
f CH,=CHCH, Me 91 1 15.6-1 16 
g -(CH2)3- 91 155.5-1 56 
h -(CH2)4- 93 164-1 64.7 
i -W2)s-  90 14 1-1 42 

This last reaction was generally carried out in dry Et,O by adding 10 to a solution of 
azirine 1 at 0". The reaction mixture was then stirred for 5-6 h, whilst raising the 
temperature from 0" to room temperature. 

In summary, a new and convenient method for the synthesis of 2,2-disubstituted 
3-(N-methyl-N-phenylamino)-2H-azirines 1 (R3 = Me, R4 = Ph) has been developed, 
which is specially suited €or laboratory-scale preparations, although some of the azirines 
have also been prepared in amounts up to 20 g. Furthermore, this new methodology 
allows to prepare new types of azirines [I91 [20] whose access was limited with the 
phosgene method. The preparation of 2,2-disubstituted 3-amino-2H-azirines in enan- 
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tiomerically pure form is a major goal in this field, and the use of this procedure has 
provided promising results [20]. 

Out thanks are due to Mr. H. Frohofer for elemental analysis and for IR spectra, Mr. T.  Pliiss for recording 
NMR spectra, Mrs. Dr. A .  Lorenzi-Ria/srh for mass spectra and Dr. A .  Linden for correcting the Englisli 
manuscript. Financial support by the Swiss National Science Foundution and by F. Hodhmn-La  Roche AG, Basel, 
is gratefully acknowledged. 

Experimental Part 

General. See [21]. Unless otherwise stated, 1R spectra in CHCI, and 'H- (300 MHz) and I3C-NMR (50.4 MHz) 
spectra were recorded in CDCI,. MS: at 70 eV, CI-MS: with 2-methylpropane or NH, as carrier gas. 

I .  Synthesis of2,2-Disuhstitured3-( N-meihy/-N-phmnyluiiiino)-ZH-uzirines 1. Generul Procedure. To a soln. of 
10-50 mmol of the corresponding amide 2 in 50-250 ml or dry T H F  (cu. 5 ml/mmol) at 0" and under Ar, I .  1 equiv. 
of LDA (8--37 ml, I S M  in cyclohexdne, Aldrirh or Fluku) were added. The soln. was stirred at 0' for 60-75 min, 
then, I .03 equiv. of DPPCI were added oiu a syringe at 0O. After 20-30 min, the ice bath was removed and the 
mixture stirred for 20-24 h. The solid which precipitate from the mixture was filtered off under Ar, the T H F  soln. 
containing the chloro-enamine 3 was dropped into 5-25 ml of a dry D M F  suspension containing 3 equiv. of NaN,, 
and the mixture was then stirred for 3 -4 days at r.l. Then, Et,O was added, the mixture filtered through (Plite pad, 
and the solvent removed under reduced pressure. The resulting residue was dissolved in Et,O, washed twice with 
5 % NaHCO,, and the aq. layer washed with Et20. The combined org. layers were dried (MgSOJ. Removal of the 
solvent under reduced pressure and distillation through a Vigveux column or in the Kugelrohr led to the corre- 
sponding 3-amino-2H-azirines 1. 

1.  I .  2,2-Dimerhyl-3-(N-mrtliyl- N-phenyluminoi-2H-uzirinr (la).  From 20.0 g ( I  I3 mmol) of 2, N-dimethyl- 
N-phenylpropunamide (2a); distillation at I10"/2. Torr: 18.48 g (94%) la. Colorless oil. IR: 3020w, 2980s, 
2950w, 2920w, 1750.s. 1600s. 1500s, 1435~1, 1425w, 1410w, 1370~1, 1330m, 1295w, 1285m, 1235m. 1140w, 1125s, 
I 1001~. 1080ic, 1030iv, IOOOiv, 950m, W O W ,  690.s, 665w, 635w. 'H-NMR: 7.25 ~7.15 (m, 3 arom. H); 6.9-6.85 (m,  
2 arom. H); 3.22 (s, MeN); 1.23 (s, 2 Me). "C-NMR: 142.4 (5 ,  1 arom. C); 129.3, 122.9, 115.9 (3d, 5 arom. CH); 
25.4 (y. (CH,),C). At r.t., C(2), C(3), and MeN could not be detected. CI-MS: 175 (100, [ M  + I]'). 

1.2.2-Ben3y1-2-methyI-3-( N-methyl- N-phenylurninol-?H-azirine (lb).  From 5.0 g (19.7 mmol) of 2-benzyl-N- 
methyl-N-phenylpropanamide (2b); distillation at  130°/2. 10-* Torr: 3.85 g (78%) 1 b. Slightly yellow oil. IR: 3060w, 
2980s, 2920~1, 17503, 16003, ISOOs, 1455wi, 1420w, 1380~1, 1325~1, 1275m, 1240m, 118Ow, 116Ow, 1 1  10.7, 1080w, 
1055w, 1035m, !OOOw, 950m. 820w, 700s. 695s, 660m,64Ow. 'H-NMR ((D,)DMS0/343 K): 7.4-7.05 (m, 10 arom. 
H); 3.24 (s, MeN); 2.95 (br. s. PhCH,); 1.34 (s, Me). "C-NMR ((D,)DMS0/343 K): 165.1 (s, C=N); 143.2, 137.7 
(2,s,2arom.C);129.2,128.9,127.5,125.7,122.5,116.4(6d,lOarom.CH);43.9(t,PhCH,);35.1(y,MeN);23.1(y, 
Me). C(2) could not be detected. CI-MS: 251 (100, [ M  + 11'). 

1.3. 2-E/hyl-.?-(N-rnethyl-N-pheny/amino~-2-p/zenyl-2H-uzirine (lc).  From 5.0 g (19.7 mmol) of N-methyl- 
2,N-dip/ze~iylbufunum~de (2c); distillation at 120"/2, lo-' Torr: 3.85 g (78%) l c .  Slightly yellow oil. IR:  3020n5, 

1030w, I O I O w ,  965~1, 825x8, 7003, 665w,, 620w. 'H-NMR ((D,)DMS0/353 K): 7.45-7.0 (m,  10 arom. H); 3.42 (s, 
MeN); 2.35-2. I (2yd, J = 7.4. 7.5, CH,): 0.82 (/, J = 7.4, Me). I3C-NMR (235 K): Two conformers: 159.3, 158.3 (s, 
C=N); 142.6, 142.4, 141.7, 141.5(4s,2arom.C); 129.3, 129.2, 128.1,127.8, 126.7, 126.4, 126.1, 126.0, 123.1, 122.7, 
116.5, IlS.O(12d, 10arom.CH);51.5,50.0(.s,C(2));37.3,33.5(y,MeN);25.5,25.2(i,CH,); 12.3, 10.2(y,Me). 
CI-MS: 251 (100, [ M  + I]'). 

1.4. 2-Methyl-3-i N-merhyl-N-~lzen,ylamino~-2-phenyl-2H-crzirine (Id). From 5.0 g (20.9 mmol) of N-methyl- 
2,N-diphenylpropurianlillr (2d); distillation at 120°/2. 10 Torr: 4.44 g (90%) Id. Slightly yellow oil. IR: 3060wa, 
2995n1, 2920iv, 1755, 16003, ISOSs, 1450~1, 1425w, 1390~1, 1375m, 1320w, 1290w, 1280iv, 1260w, 1190rn. 1160w, 
11 !Os, 1 0 8 0 ~ .  1070w, 1030m. IOlOiv, 965m, 915w, 895w, 7003, 660w, 645w, 635w,625ic. 'H-NMR ((D,)DMSO): 
7.65-7.05 (m, 10 arom. H); 3.35 (3,  MeN); 1.77 (s, Me). I3C-NMR ((D,)DMSO): 162.0 (s, C=N); 147.8, 146.1 (2s,  
2 arom. C); 133.5, 132.3, 130.6, 130.0, 127.1, 119.9 (6d, 10 arom. CH); 25.8 (y. Me). A t  r.t., C(2)  could not be 
detected. CI-MS: 237 (100. [A4 + I]'). 

1.5. 2-Benz~~l-2-eth~1-3-( N-merh~l-N-phenylamino)-2H-uzirine (le).  From 3.0 g ( I  1.2 mmo!) of 2-hen$-N- 
meth~~l-N-pheylbutunumide (2e); distillation at 140°/2. lo-' Torr: 2.34 g (79%) l e .  Slightly yellow oil. 1R: 3060~~1, 
2970m, 2930w, 1750s, 1600s, ISOOs, 1450m, 142011., 1375w, 1 3 4 0 ~ ,  1320~1, 1280~1, 11851~. 1 1 6 0 ~ .  11 IOs, 1085w, 

m o . y ,  1760.7, 1600.7, I ~ O O S ,  1 4 6 0 ~ .  I ~ ~ S W ,  I ~ I S W ,  I ~ W ,  m o w ,  1 2 4 0 ~ ,  I I ~ O ~ ,  I i6sw, 1 1  15~1, I O ~ O W ,  iosow, 
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1030w, lOlOw, IOOOw, 965m,890w, 700s,690m, 660w. 'H-NMR ((D,)DMSO): 7.5-7.05 (m, 10 arom. H); 3.21 (s. 

MeN); 3.0-2.9 (m. CH,); 1.78 (br. d, J = 7, CH,); 0.754.65 (br. t, Me). 13C-NMR ((D,)DMSO): 163.9 (s, C=N); 
142.1, 137.9 (2s, 2 arom. C); 129.4, 129.0, 127.7, 125.8, 122.5, 116.4 (6d, 10 arom. CH); 42.6 (1, PhCH,); 27.2 ( t ,  
CH,); 9.6 (q, Me). At r.t., C(2) could not be detected. CI-MS: 265 (100, [M + I]+), 

1.6.2-ANy/-2-meth~l-3-lN-methy/-N-phenylumino)-2H-azirine (10. From 3.0 g (14.8 mmol) of 2,N-dirnrthyl- 
N-plienyipcnt-4-enamidr (Zf); distillation at 135"/2- Torr: 2.51 g (85%) If. Slightly yellow oil. IR: 3070w, 
2980s, 2920~ 1755.~, 1600s, 15053, 1450w, 1420w, 1410w>, 1375~1, 1330m, 1320m, 1290w, 1280w, 1245~1, 1175~,, 
1160~~ 1125m, 1 llOs, 1050w, 10?5w, IOOOm, 960w, 920s, 690s, 665m, 620w, 610~. 'H-NMR: 7.4-7.35 (m, 3 arom. 
H); 7.15-7.05 (m, 2 arom. H); 5.71 (br. 7, CH=); 5.05-5.0 (m, CH,=); 3.44 (s, MeN); 2.49 (br. s, CH,); 1.45 (s, Me). 
I3C-NMR ((D,)DMSO): 165.4 (s, C=N); 142.1 (s, 1 arom. C); 134.4 (d, CH=); 129.1, 122.5 (2d, 3 arom. CH); 
116.9 (t, CH,=); 116.0(d, arom. CH); 42.0 (q, MeN); 23.2 (t, CH2); 23.2 (q, Me). At r.t., C(2)could not be detected. 

1.7. 2-( N-Methyl-N-pheny/umino)-I-azaspiro[2.3/hex-I-ene (lg). From 2.0 g (10.6 mmol) of N-methy/-N- 
phenyicyc/obutunumide (Zg); distillation at 140°/2. Torr: 1.69 g (86%) lg. Slightly yellow oil. IR: 304011~, 
2990s, 17553, 1600s, 1500s, 1455w, 1420w, 1390w, 1330m, 129510, 1285~1, 12503, 1185rv, 111Os, 1070m. 1035m, 
lOlOw, 930w, 890~1, 835w, 690.7, 675m, 665m. 'H-NMR: 7.65-7.05 (m, 5 arom. H); 3.44 (s, MeN); 2.6-2.45, 
2.45-2.35, 2.1-1.9 (3m, 2 H each). I3C-NMR ((D6)DMS0/353 K): 164.3 (s, C=N); 142.0 (s, 1 arom. C); 128.7, 
122.4, 116.0 (3d, 5 arom. CH); 34.3 (q, MeN); 33.3 (t, 2 CH,); 13.0 ( t ,  CH,). C(2)could not be detected. CI-MS: 187 

1.8. 2-(N-Methyl-N-phenyla~zino)-l-azaspiro[2.4/hept-I-ene (lh). From 5.0 g (24.6 mmol) of N-methy/-N- 
phrnylcyciopentannmide (2h); distillation at 140"/2- lo-* Torr: 4.28 g (87%) lh. Colorless oil, that solidifies at Oo. 
IR: 3040w, 2970s, 2870w, 1750s, 1600s,1500s, 1450w, 144Ow, 1420w, 1330w, 1320w, 1270w, 1270w, 1240w, I19On7, 
1160w, I120w, 111Ow, 1095s, 1030m, lOIOw, IOOOw, 970s, 815w, 690s, 660m. 'H-NMR ((D,)DMSO): 7.4--7.25 (m,  
3 arom. H); 7.15-7.05 (m. 2 arom. H); 3.34 (s, MeN); 1.8-1.4 (m, 8 H). I3C-NMR ((D,)DMSO): 160.9 (5, C=N); 
142.3(s, 1 ar0m.C); 129.2,122.4, 115.7(3d,5arom.CH);34.6(r,2CH2);25.4(t,2CH2).Atr.t.,C(2)couldnotbe 
detected. CI-MS: 201 (100, [ M  + 1]+). 

1.9. 2-(N-Methy/-N-phenylamino)-I-azaspiro[2.5]oct-l-ene (li). From 3.0 g (14.0 mmol) of N-methyl-N- 
phenylcyclohexanamide (2);  distillation at 135'/2. lo-, Torr: 1.34 g (45%) l i .  Slightly yellow oil. IR: 3000m, 
2970m. 29403, 286Om, 1750.7, 16003, 15003, 1450m, 1425w, 1390w, 1360w, 132Ow, 1300w, 1285~1, 1260m, 12401u, 
1190.7, I160m, 11 15w, 1095w, 1070w, 1025m, lolow, 940s, 900w, 690.7, 6601~. 'H-NMR: 7.45-7.05 (m, 5 arom. H); 
3.45 (s, MeN); 2.0-1.2 (m, 10 H). "C-NMR ((D,)DMSO): 166.9 (s, C=N); 142.2 (s, 1 arom. C); 128.5, 122.3, 116.5 
(3d, 5 arom. CH); 34.9,24.9, 24.2 (3t, 5 CH,). At r.t., C(2) could not be detected. CI-MS: 215 (100, [M + I]+). 

CI-MS: 201 (100, [M + 11'). 

(100, [M + I]+). 

2. Synthesis of N-[1-( N-Methyl- N-phenylthiocarbamoyl)u/kyl]benzamides 11. General Procedure. To a well 
stirred soin. of 1.0-2.5 mmol of the corresponding 1 in 4-6 ml of dry Et,O, 1 equiv. of thiobenzoic acid (10) was 
added at 0". The mixture was allowed to react for 8-10 h raising the temp. from 0" to r.t. Then, the formed solid was 
filtered off, washed with hexane/Et,O and dried in high vacuum. 

2.1, N-(I-Methyl-I-( N-methyl-N-phenylthiocurbamoyi)ethyl]benzumide ( I  la). From 348 mg (2.0 mmol) of 
la: 574 mg (92%) l l a .  Colorless powder. M.p. 166.6-167.5O. IR (KBr): 3290m, 3030w, 3005m, 298512, 2935w, 
1640s, 1605w, 1580m, 1540s, 1490s, 1460m, 14353, 1380m, 1360s, 1310s, 1260m, 1215w, 1175~. 1160w, llOOs, 
107Sm, 1025w, 1020w, 1005w, 995w, 890w, 875w, 8OOw, 770m, 705s, 690m,650m, 630~1,615~. 'H-NMR: 7.65-7.15 
(m, 10 arom. H, NH); 3.74 (s, MeN); 1.76 (s, 2 Me). 13C-NMR: 208.8 (s, C=S); 165.2 (s, C=O); 147.3, 134.9 (2.9, 
2arom.C); 131.2,129.4, 128.2,128.1, 126.8,126.1(6d,lOarom.CH);62.8(s,C(1'));51.3(q,MeN);29.4(q,2Me). 
CI-MS: 313 (100, [ M  + 11'). Anal. calc. for CI8H2,N,OS (312.42): C 69.19, H 6.45, N 8.96, S 10.26; found: 
C69.35, H 6.30, N 9.20, S 10.41. 

2.2. N-(l-Methyi-I-( N-m~thyl-N-phenylthiocnrbamoyi)-Z-phenylethyi]benzumide (1 lb). From 375 mg (1.5 
mmol) of I b :  547 mg (94%) I l b .  Colorless powder. M.p. 150-151". IR (KBr): 3430m, 3325~1, 3050w, 3020w, 
2920w, 1650s, 1600m, 1590~1, 1580m, 1535m, 1510s, 1490s, 1450m, 1430m, 1355s, 1310m, 1250w, 123012, 1200w, 
IlSOw, 1140w, 1105s, 1085m, 1070m, 1050w, 1030w, IOOOw, 985w, 950w, 930w, 9000w, XOOw, 770m, 760m, 755s. 
700s, 690s, 640m,625m. 'H-NMR ((D,)DMSO): 7.6-7.05 (m, 15 arom. H, NH); 3.69 (s, PhCH,); 3.53 (s, MeN); 
1.54 (s, Me). l3C-NMR: > 200 (s, C=S); 165.9 (s, C=O); 147.5, 136.7, 134.8 (3s, 3 arom. C); 131.2, 130.6, 129.2, 
128.2, 128.1, 127.9, 126.8, 125.9, 125.9 (9d, 15 arom. CH); 65.8 (s, C(1')); 51.4 (4, MeN); 45.8 (t. PhCH,); 26.9 (4. 
Me). CI-MS: 389 (100, [ M  + I]+). Anal. calc. for C,H,N,OS (388.52): C 74.19, H 6.22, N 7.21, S 8.25; found: C 
74.15,H6.23,N7.30,S8.19. 

2.3. "1-(N-Methyl- N-phenylthiocarbamoyl)-I-pheny[propyl]henzamide ( l lc) .  From 500 mg (2.0 mmol) of 
lc:  585 mg (75 %) l l c .  Colorless powder. M.p. 206". IR (KBr): 3210s. 3060w, 3000m,2960m, 2930w, 1660s,1600m, 
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1575m, 1510s, 1480s, 1460s. 1430.~, 1370s, 1340~1, 1320m. 1300m, 1280m, 1245~1, 1200~1, 1170m, 115Onz, 1130~1, 
1120m, 1105m, 1090n1, 1075m, IOhOtn, 1030ni, 1005~1, 990m, 96511., 925~1, YOOm, 8490u, 805w, 775.7, 705.s, 690s, 
645~,61Om.'H-NMR:7.9-7.85(m,2arom.H);7.5-7.1(m, 12arom.H);6.75(br.s, larom.H);5.68(s,NH);3.73 
(s, MeN); 3.16, 2.22 ( 2  br. s, CH,CHZ); 1.00 (br. s, CH,CH,). I3C-NMR: > 200 (s, C=S); 163.0 (s, C=O); 142.51. 
142.50, 135.4(3~,3arom.C);  131.0, 128.7, 128.6, 128.5, 128.3, 127.8, 127.2, 127.0, 125.5(9d, 15arom.CH);68.4(s, 
C(1')); 52.2 (q, MeN); 24.4 ( r ,  CH,CH,); 8.4 (4, CH,CH,). CI-MS: 389 (100, [M + l]'), 371 (84), 279 (41), 268 
(22),238(25).Anal.calc.forC24H~4N20S(388.52):C74.19,H6.22,N7.21,S8.25;found:C74.38,H6.33,N7.07. 
S 8.15. 

2.4. N-/I-( N-Methyl-N-phen~~lthiocurhan~c~,yl)-I-phenylethyl~bi~nzrtmide (1 Id). From 354 mg (1.5 mmol) of 
I d :  460 mg (82%) I Id. Slightly yellow powder. M.p. 163.1- 163.8O. IR (KBr): 3220w, 3060w, 30201v, 2930w, 1650.7, 
1600iv, l580nz, 1495s, 1480s, 1460s, 1440.~ 1375s, 1365s, 1285m, 1240~12, I22Ow, 1180m. 1150m, 1105m. 1090m1, 
1070n7, 1055~1, 1025~1, IOOOw, 975m, 920~1,  850~1, XOOw, 770m,700s, 665w, 650cu, 610m. 'H-NMR: 7.9-7.85 (m, 2 
arom. H); 7.45-7.1 (m, 12 arom. H): 6.75 (br. s, I arom. H); 5.85 (br. s, NH); 3.75 (9, MeN); 2.20 (br. 7, Me). 
"C-NMR: > 200 (s, C=S); 162.8 (s, C=O); 141.9, 135.2 (Zs, 2 arom. C); 130.8, 128.0, 127.6, 127.4, 126.8, 126.7, 
126.6, 126.2, 126.1 (9d, 15 arom. CH); 64.8 (s, C(1')); 52.5 (q, MeN); 22.4 (y, Me). CI-MS: 375 (100, [ M  + 1]+). 
Anal. calc. for C,,H,,N,OS (374.49): C 73.76, H 5.92, N 7.48, S 8.56; found: C 73.53, H 5.79, N 7.43, S 8.31. 

2.5. N-//-Renzyl-I-( N-methyl-N-phen)-l~Irioc.arhamoyf)profl ( l l e ) .  From 300 mg (1.4 mmol) of 
l e :  433 mg (95%) l l e .  Colorless powder. M.p. 128-129". IR (KBr): 3240m,3040w, 3020w, 2970n, 2930w,, 288O1~, 
1640.s, 1600m, 1590m, 1580m, 1550s. 1510m, 1490s, 1460s, 1445s, 1430~1, 1365s, 1325~1, 1290~1, 125Ow, 1220w, 
I ~ ~ O I V ,  11501~, 1100m, 1080m, 1070nr, 1030w, 10OOw, 990w, 9701v, 945w, 925w, 885w, 830w, 810w, 800w, 780w, 
~ ~ O I V ,  705s, 695s, 645w, 620w. 'H-NMR: 7.67 (br. s, 2 arom. H);  7.5-7.15 (m, 13 arom. H, NH); 3.96, 3.81 (br. 2 s ,  
CH,); 3.80 (s, MeN); 3.39 (d, J = 14, I H); 2.65 (br. s, 1 H); 0.94 ( t .  J = 7.1, CH,CH,). *,C-NMR: 205.9 (s, C=S); 
165.2(s,C=O); 143.5, 136.8, 135.8 (35, 3arom.C); 131.0, 129.9, 129.6, 128.7, 128.3, 127.9, 126.9, 126.5, 126.0(9d, 
15 arom. CH); 70.0 (s, C(1')); 57.5 (4, MeN); 41.2 ( t ,  PhCH,); 27.9 (f, CH3CH2); 8.0 (4. CH,CH,). CI-MS: 403 
(100, [M + I]'). Anal. calc. for C,,H,,N20S (402.55): C 74.59, H 6.51, N 6.95, S 7.96; found: C 74.40, H 6.48, N 
7.20, S 8.21. 

2.6. N- [ l -Mr ihy I - I - i  N-methyl-N-phenylthiocarbaniuyl)l~ut-3-en~l/ben~~1m~de (1 I f ) .  From 200 mg (1 .O mmol) 
of I f  307 mg (91%) l l f .  Colorless powder. M.p. 115.6-116O. IR (KBr): 3390m, 3065w, 3000w, 2980~. 1660s, 
1580m, 1560w, 1515s, 1485s, 1465m, 1430n1, 1365s, 1310~1, 1295m, 1260w, 1240m, 1190w>, 1070w, 11601~. 1140~. 
1 IOOs,  1075n, 1045w, 1030w, IOOOm, 945w, 920~1, 895iv, 855w, 845w, 805w, 770n?, 730m, 700s, 650n, 625~. 
'H-NMR: 7.65-7.6 (m, 2 arom. H); 7.5-7.2 (m, 8 arom. H, NH); 5.8-5.65 (m, CH(3')); 5.1 -5.05 (m, CH,(4));  3.75 
(s, MeN); 3.34, 2.79 (2dd, J = 7.2, 7.5, CH,(2')); 1.73 (5,  Me). I3C-NMR: 207.6 (s, C=S); 165.0 (s, C=O); 145.0. 
135.1 (2~,2arom.C);133.2,131.2, 129.4,128.5,126.8(5ti,lOarom.CH);126.2(d,C(3'));118.9(t,C(4'));65.0(s. 
C(1')); 51.6 (4. MeN); 42.8 ( l ,  C(2')); 26.6 (4, Me). CI-MS: 339 (100, [ M  + I]'). Anal. calc. for C2,H2,N,0S 
(338.46): C 70.97, H 6.55, N 8.27, S 9.47; found: C 70.48, H 6.34, N 8.22, S 9.68. 

2.7. N-/I-( N-Mef/zyl-N-pheriylthiorarbainuj~l)cyclobuf~l/benzuinide ( I  lg).  From 400 mg (2.2 mmol) of Ig: 
637 mg (91 %) I lg .  Colorless powder. M.p. 155.5-156.2". IR (KBr): 3270s. 3050w, 3000w, 2940~1, 1635s, 1600~. 
1580m, 1530~, 1490s, 1460~1, 1430~1, 1370s, 1310m, 1290~1, 1235w, 1175w, 1155w,, 1120m, 1090m, 1070m, 1020~. 
10051r, 930w, 860w, 800n1, 870n?, 715s, 705s, 645w, 630m. 6151~. 'H-NMR: 7.5-7.45 (m, 3 arom. H); 7.45-7.35 (ni, 
2 arom. H); 7.3-7.25 (m, 3 arom. H): 7.05-7.0 (m. 2 arom. H); 5.77 (s, NH); 3.70 (s, MeN); 3.25-3.2 (m. 2 H); 
2.05--1.85 (m, 4 H). "C-NMR: > 200 (s, C=S); 165.7 (s, C=O); 146.5, 139.8 (2.5 2 arom. C); 131.5, 129.4, 128.3, 
127.9, 126.8, 125.8 (6d, 10 arom. CH); 65.5 (s, C(1')); 49.0 (4. MeN); 36.6, 15.4 ( Z t ,  3 CH,). CI-MS: 325 (100, 
[ M  + I]+).  Anal. calc. for CIoH2,N20S (324.44): C 70.33, H 6.21, N 8.63, S 9.88; found: C 70.52, H 6.39, N 8.76, 
S 9.76. 

2.8. N-[I-i N-Melhyl- N-~~enj~lrlriocnrbtfnuyl~c~lop~nty/]benzrzmide (1 Ih). From 500 mg (2.5 mmol) of lh:  
790 mg (93%) of I l h  as slightly yellow solid. M.p. 164-164.7°. 1R (KBr): 3400s, 3060w, 2960m, 2870w~, 1655, 
1580~1, 1510s. 1485.~ 1450s, 1430s, 1365s, 1305~ 1280s, 1245~1, 1200m, 1170m, 116Ow, 1125.s, llOOs, 1070m, 
1025n1, 1000m, 950w, 9201t., 845w, 800~5, 780~1, 720s. 710s, 640~8, 625m. 'H-NMR: 7.5-7.3 (m. 5 arom. H); 
7.15-7.05(m,5arom.H);5.36(br.s,NH);3.72(s,MeN);2.95-2.85,2.1-2.05, 1.95-1.85, 1.65-1.6(4m,each2H). 
13C-NMR: > 200 (s, C=S); 165.3 (s, C=O); 147.5, 134.0 (2s,  2 arom. C); 131.4, 129.2, 128.2, 127.6, 126.7, 125.5 
(64 10 arom. CH); 72.6 (s, C( I!)); 50.4 (9, MeN): 43.5,24.7 (2t,4 CH& CI-MS: 339 (100, [ M  + I]+).  Anal. calc. for 
C,oH22N20S (338.46): C 70.97, H 6.55, N 8.27, S 9.47; found: C 70.97, H 6.41, N 8.35, S 9.55. 

2.9 N-/I-( N-Metliyl-N-phenylthiocarbumo~~l)r~clohe~~yl]benzamide (1 l i) .  From 500 mg (2 .3  mmol) of li: 820 
rng(90%) l l i .  Slightly yellow solid. M.p. 141-142". IR: 3450u, 3060w, 2930s, 2860m. 1670s, 1600w, 1580~. I S I O S ,  
14853, 14653, 1435m, 137Os, 1290m, 12701v, 124Ow, 1 1  10% 1075w, 1060~~, 1030iv, 100511~, 9701~. 9 2 0 ~ .  8601v, 705s, 
66011~,640~.620~. 'H-NMR:7.5-7.4(m,3arom.H):7.35-7.3(~1,2~rom.H);7.15-7.0(in,5arom.H);5.36(br..s, 



HELVETICA CHIMICA ACTA - Vol. 76 (1993) 2837 

NH); 3.70 (J, MeN); 2.55-2.4 (m, 2 CH2); 1.7-1.6 (m, CH2); 1.3-1.2 (m, 2 CH,). “C-NMR: 208.9 (s, C=S); 165.04 
(3, C=O); 147.6, 134.2 (2s, 2arom. C); 131.3, 129.2, 128.1, 127.3, 126.5, 125.0(6d, 10 arom. CH); 65.7 (s, C(1‘)); 
51.0 (q, MeN); 36.8, 24.6, 21.9 (3t, 5 CH,). CI-MS: 353 (100, [M + I]+). Anal. calc. for C2,H,,N20S (352.50): 
C70.97,H6.55,N8.27,S9.47;found:C70.97,H6.41,N8.35,S9.55. 
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