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Abstract-Ring opcning of aziridines with amines takes place readily in the 

presence of catalytic amounts of ytterbium triflate Yb(OT03, giving the 

co~uesponding 1, 2-diamines regioselectively in good to high yields. 

Vicinal diamines are synthetically, biologically, and medicinally important class of compounds.1 

One of the most stmightfolward synthetic pmcedures for the Cormation of 1,2-diamines is the ring 

opening of aziridines with a m i n e ~ . ~  However, this classical method has been disregarded 

primarily due to limitations of the reaction conditions: low nuclcophilicity of amines requires 

elevated temperatures, and the unavailability of the aziridine starling materials. In recent years, 

several excellent methods for the synthesis of aziridines have been developed3 and thus aziridines 

are now as readily available as epoxides. Accordingly, it was thought that the development of a 

new synthetic method for the Cormation of 1.2-diamines vio the ring opening of aziridines with 

amines would be timely and useful to signilicant number of synthetic chemists? 

We previously reported that ring opening of aziridines with amines takes place readily in the 

presence of catalylic amounts of ytterbium triflate Yb(OTf)3, giving the corresponding 1, 2- 

diamines regioselectively in good to high yields (Eq l).5 Before our publication, a limited number 

of methodologies for catalytic ring opening of aziridines had been known; ring opening with 

cyanotrimethylsi lanchr with acetone cyanohydh7 was catalyzed by lanthanoid derivatives. More 

recently, imidochromium complex catalyzed azidolysis of azilidines has been reported.8 W e  now 

I-cport the full details of the previous study. 

cat. Yb(OTf), NHR' 
,f' + R'R~NH - 

THF or CH2C1z R LNR~R~ ( 1 )  R 

Results a n d  Discussion 

Croui et ol. and our group rcportcd that yltcrbium triflatc catalyzed aminolysis reaction of 

cpoxides?" 10 oxct:~ncs?h 10 and R-lactone,lo giving the co11.esponding 1 2 -  1.3-amino alcohols, 

rcspcctively, in good to high yiclds (Eq 2). Wc recognized in this study how efficiently the new 

catalystll promotes the ring opcning reaction. Based upon this obse~valion, we investigated the 
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cat. Yb(OTf), OH 

THF or CH@ R  ~ N R ~ R ~  n (2) 

I~II:  opening of a~iridincs with Yh(OT03 catalyst. Wc initially chose N-tosylcyclohexeneirnine (1) 
and henzylarninc as n standard system. The resuh are shown in Table 1. The reaction of (1) 

with henzylamine in the absence or the catalyst was very sluggish; the ring opening product (2) 

was obtained in 20 % yield after 1 week at room temperature. Since aziridines have lower 

reactivity toward va~ious nucleophiles than epoxides, larger amounts of the catalyst were used 

compared to that for epoxide~.~. lo In every case, the co~~esponding diamine (2) was obtained 

in an essentially quantitative yield. As expected, the stereochemistry of the 1, 2-diamine (2) was 

trans. Not only THF (conditions A, B) but also CH2Clz (conditions C, D), which sometimes 

induced decomposition of the starting materials in the case of aminolysis of epoxides, can be 

used as a solvent. The ring opening reaction proceeded at room temperature (Entries 1 and 3). 
but the reaction was accelerated by refluxing. Other lanthanoid triflates, such as La(OTf)3, 

Sm(OTf)3, Pr(OTt13, and Y(OT03, were. also vely effective to the ring opening reacdon.12 

catalyst 
N-Ts + BnNH, 

(1.5 equiv) 
1 2 

Table 1. Ring opening of 1 under various conditions. 
-- -- 

Entry Calalyst Conditiona Reaction tirnc, h yield" % 

" Condilion A : THF Iroom lernperalure. Condition B : THF Ireflux. Condition C : CH2CI2 /mom ~emperntu~e. 

Condilion D : CH2CI2 I mnur. ' Irolulcd yichl. 
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R" cat. Yb(OTf), 
+ R 'R~NH 

TR, 
P 

R THF or CH2C12 R : 

R 4 N R ' R ~  - 
(1.5 equiv) 

Table 2. Yb(OTO3 catalyzed ring opening of aziridines with amines. 

E n q  AziridineD A ~ ~ ~ ( R ' R ' N H )  Catalyst ~ o n d i t i o d R e a c t i o n  h e ,  b Product and % 

,Boc 

1 Bn2NH N o w  B 24 No reaction 

6 NHBoc and ANBn2 regioisomer 

7 8 
2 6 Bn2NH 10 mol% Yb(OT0, B 12 75 : 25 -100 

NHBoc and I\/ NHBn regioisomer 

9 10 

10 65 : 35 82 
NHTs and 
),, N B ~ ~  regioisomer 

12 13 

2 77 : 23 84 

NHTs and 
),, NHBn regioisomer 

14 15 

10 >99 : 1 75 

NHTs and 
),, N E ~ ~  regioisomer 

16 17 
8 >99 : 1 95 

NHTs and LNBn2 regioisomer 

Ph 19 20 

(Continued.) 
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NHTs and 
,J,, NBn2 regioisome~ 

22 23 

48 No reaction 

regioisomer 
NHBn 

' Bn = PhCH2, Boc = I-BuOCO, Ts =p-MeC6H,S02, Condition A : THF I rmm temperatuce. Condition B : THF I 

reflux. Condition C : CHIC121mom temperature. Condition D : CH2CL21reflur. 'Isolated yield, Unidetified polymers 

were obtained as by-praduc&. 



Reaction of Various  Aziridines 

Sincc ytterbium trillatc was I'ound to hc an cifcctive catalyst for aminolysis of azi~idines, next w e  

cxamined thc rcaction of various aziridines (3) with amincs (4) in the presence of this catalyst. 

Thc rcsults are illuslrated in Tahlc 2. Since N-unprotected xziridines undergo ready oligomerization 

or polymerization, prrrtcction of thc N-H group of thc xzil-idincs is essential for the ring opening 

rcaction. As N-protecting groups, Boc (t-butyloxycarbonyl). bcnzyl and tosyl group were 

clfective. Among thcm, thc use o l  electron-withdrawing tosyl group resulted in rapid ring 

opening. Thus, we utilized this protecting group mainly in this research. It should be noted that 

an undesired side reaction13 between the protecting groups and amines did not take place under 

the reaction conditions. Yb(OT03 catalyzed ring opening was quite effective for mono- and di- 

substituted aziridines (Entries 1-15), hut the reaction of tri-substituted aziridine (29) was sluggish 

and resulted in lower yield, being accompanied with unidentified polymers (Entries 16 and 17). 

As is apparent from the reaction of N-tosylcyclohexeneimine (1). various amines could be used 

as nucleophiles (Entries 10.13). However. dibenzylamine, relatively bulky and poorly nucleophilic 

amine, gave none of the desired product under the reaction conditions (Entry 14). Either 

cat.Yb(OTf)3-THF (conditions A and B) or cat.Yb(OT03-CH2C12 (conditions C and D) was 

eflective for the ring opening of aziridines with amines. Either procedul-c gave the co~responding 

1,2-diamines (5) regioselectively in good to high yields. The ring opening reaction proceeded 

even at ambient tempelatule (conditions A and C), although ihz reaction time w a  longer than that 

of procedures B and D. As expected, the amines attacked less hindered site o l  the aziridines . 
In general, the regiosclectivity of the ring opening depends upon the structures of both substrates 

and amines. In Entries 6, 7 and 9, very high regioseleclivity was accomplished, but a mixturc of 

regioisomers was obtained in othercases (Entries 1-5, 8, 16 and 17). 

Reaction with 1-Tosylazetidine 

Now it is clear that Yb(OTO3 catalyzed ring opening of aziridines with amines proceeded smoothly 

to give the corresponding 1.2-diamines in good yields. Next we attempted the ring opening 

reaction of I-tosylazctidine (32) with benzylamine in the presence of Yb(OTf)3 catalyst. 

However, the rcaction did not proceed at all: 1-tosylazetidine was recovered. (Eq 3) The  

Yb(OTf)3 catalyzed ring opening of oxetanes with amines proceeded very smoothly.9b. lo A 

nitrogen analogue (32) of oxetane was proved to have lowcr reactivity toward an amine 

nucleophile. 

Q, + 
10 mol% Yb(OTf), 

BnNH, - No Reaction (3) 

32 
Ts CH2C12 I reflux, 2 days 

CONCLUSION 

We have found that Yb(OTD3 efficiently catalyzes ring opening of aziridines with amines 

I-egioselectively in good yields. Eithcr THF or CH2C12 can be used as a solvent for the present 



reaction. Thc reaction proceeds even at room temperature, although it takes longer reaction time 

in comparison with thc reactioo at wflux. The major regioisomers ale derived via the attack of 
the amines to the icu hindered sitc of aziridines. 

EXPERIMENTAL 

'H Nmr spectra wcrc rccordcd on a JEOL GSX-270 spectro~netcr. The chemical shifts are 

expressed in ppm downficld from thc tetramcthylsilanc internal sondard. All J values ale in Hz. 

Ir spectra were recorded on a Hitachi Model 215. Mps were determined on a Yamato MP-21 
capillary melting point apparatus. Mps were uncorrected. 
Tetrahydrofuran (THF) was distilled from sodium benzophenone ketyl under argon. 

Dichloromethane was distilled from calcium hydrice under argon. The solvents were distilled 

before use. Most of the amines were disGlled and stored under argon atmosphere. The 

lanthanoid trillate was prepared by literature procedure14 and dried in vacuo before use. The 

starling aziridines were prepared by modified Blun's procedure3b (The refluxing benzene was 

used instead of ether.) and Evans' method.3c 1\11 reactions were conducted under argon 

atmosphere. 

Typical procedure for  the condition A 

To a solution of Yb(OTD3 (62 mg, 0.10 mmol) ir THF (1.0 ml), dibenzylamine (0.29 ml, 1.5 

mmol) was added. After being stirred for five min, N-tosyl-1,2-iminodecane (21 ) (309 mg, 1.0 

mmol) was added. The waction mixture was s t i ~ ~ e c  at room temperature and monitored by tlc. 

After consumption of the starting material, distillec water was added. The organic layer was 

extracted with three ponions of CHzC12, and the extract was washed with brine and dried over 

anhydrous Na2S04. Subsequent filtration and removal of the solvents under reduced pressures 

gave the crude product, which was pu~ified by silica gel column chromatography using n-hexane- 

AcOEt (15 : 1) as an eluent. N.N-Dibenzyl-[2-(4-m~thylbe11zenesulfonyl)aminodecylamine (22) 

(496 mg) was ohtained in 98% yield. 
Typical procedure for the condition D 

The reaction of N-tosylcyclohexeneimine with aniline is representative. To a solution of Yb(OTfJ3 

(124 mg, 0.20 mg) in CH2C12 (2.0 ml), aniline (0.40 ml, 1.5 mmol) was added. The reaction 

mixture was s t i l~ed for live min. N-Tosylcyelohexeneimine (1) (251 mg. 1.0 mmol) was added. 

The mixture was refluxed. The reaction was monitored by tlc. After disappearance of the 

substrate, distilled water was added. The organic layer was extracted with three portions of 

CHzC12, and the extract was washed with brine and dried over anhydrous Na2S04. The solvent 
was cemoved under reduced pressures and the residue was purified by silica gel column 

chromatography using n-hexane-AcOEt (3 : 1) as an eluent to give t r a n s - N - ( 4 -  

methylbenzenesulfonyl) -2-anilinocyclohexamine (25) (338 mg) in 98% yield. 

Irans-N-Benzyl-N'-(4-methylhenzenesulfonyl)-1,2-cclohexanedianine (2)  

white needle mp 86.5-87.3 "C : 1H Nmr (270 MHz, CDCl3), 6 7.72(2H, m), 7.17-7.36(7H, m), 
3.75(1H, d, J = 12.8 Hz, PhCHz), 3.56(1H, d, J = 12.8 Hz, PhCHz). 2.67(1H, ddd, J = 4.0, 10.0, 
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10.0 Hz, NCH), 2.38(31-I, s). 2.24(1H, ddd, J  = 4.0, 10.0, 10.0 Hz, NCH), 2.13(2H, m), 1.67(2H, 

~n) ,  1.38(1H, br s). 1.17(3H, m), 0.97(1H, m), ir (neat) 3260, 1600, 1500, 1330, 1160 cm-1. Anal. 

Cdcd for CzoHz6N20zS : C. 67.00; H, 7.31; N, 7.81. Found : C, 67.12; H, 7.45; N, 7.90. 
N,N-Dibenzyl-[2-(t-l~11tyloxycarbonyl)aminopro~~l]amine (7) 
colorless syrup : IH Nmr (270 MHz, CDCI3). 6 7.19-7.37 (]OH, m), 4.42 (lH, br s, NH), 3.82 (lH, 

hrs, CHN), 3.64 (ZH, d, J  = 13.1 Hz, PhCHz), 3.48 (2H, d, J  = 13.2 H7, PhCHz), 2.38 (lH, dd, J  = 

8.0, 13.0 Hz, NCHz), 2.30 (1H. dd, J  = 6.2, 13.0 H7., NCHz) , 1.47 (9H, S, B u ~ ,  1.05 (3H, d, J Z  6.5 
Hz, CH3), ir(neat) 3350, 1710, 1700. 1460, 1370, 1180 cm-'. Anal. Calcd for C22H3oN2O2 : C, 73.65; 

H, 8.83; N, 8.18. Found : C, 74.00; H, 8.86; N, 7.90. 
N-t-But~loxycarbonyl-[2-(N',N'-dibenzylamino)propy]aine (8) 

white solid, mp 72.5-73.IoC : I H  Nmr (270 MHz, CDC13), 6 7.18-7.35 (10H. m), 4.92 (lH, br s, NH), 

3.76 (2H, d, J  = 13.5 Hz, PhCHz), 3.35 (2H, d, J  = 13.5 Hz, PhCHz), 2.97-3.19 (2H, m, NCHz), 2.82 
(lH, m, NCH) , 1.43 (9H, s, Bu3, 1.20 (3H, d. J  = 6.5 Hz, CH3). ir(neat) 3320, 1705, 1680, 1540, 
1160. 750 cm-I. Anal. Calcd for C~zH30N202 : C, 73.65; H, 8.83; N, 8.18. Found : C, 74.05; H, 8.80; 

N, 7.82 

N-Benzyl-[2-(f-butyloxycarbonyl)aminopropyl]amine (9) and N-I-Butylo~ycarbon~l-[2- 

(A"-benzylamino)propyllamine (10) (inseparable mixtures) 

( 9 )  
colorless syrup : IH Nmr (270 MHz, CDCl3), 6 7.20-7.35 (5H, m), 4.67 (lH, br s, NH), 3.82 (lH, d, J 

= 13.0 Hz, PhCHz), 3.78 (1H. m), 3.76 (lH, d, J  = 13.0 Hz, PhCHz), 2.66 (lH, dd, J  = 5.0, 12.0 Hz, 

NCHz), 2.60 (lH, dd, J  = 6.5, 12.0 Hz, NCHz), 1.44 (9H, s, But), 1.14 (3H, d, J  = 6.5 Hz, CH3). 

(10) 
colorless syrup : lH Nmr (270 MHz, CDC13). 6 7.20-7.35 (5H, m), 4.95 (lH, br s, NH), 3.83(1H, d, J 

= 13.5 Hz, PhCHz), 3.75 (1H. d, J =  13.5 Hz, PhCHz), 3.20 (lH, m), 3.02 (IH, dd, J  = 6.0, 13.5 Hz) , 

2.85 (1H. ddq, J = 5.0, 6.0, 6.5 Hz, NCH), 1.44 (9H, s, ~ u f ) ,  1.04 (3H, d, J  = 6.5 Hz, CHj), 

Ir(neat) as mixtures 3350, 17 10, 1370, 1180 cm-l. 

Anal. Calcd for C I ~ H Z ~ N Z O Z  as mixtuers : C, 68.15; H. 9.15; N, 10.60. Found : C, 68.86; H, 9.23; N, 
10.47. 

N,N-Dibenzyl-[2-(4-methylbenzenesulfonyl)amino]propylamine (12) and N44- 
Benzenesulfonyl)-[2-(N',N'-dibenzylamino)propyllamine (13) (inseparable mixtures) 

(12) 
colorless syrup : 1H Nmr (270 MHz, CDC13), 6 7.63 (2H, dt, J  = 2.0, 8.5 Hz), 7.12-7.37 (12H, m), 5.09 

(lH, hr s, NH), 3.56(2H, d, J  = 13.5 Hz, PhCHz), 3.27 (lH, m), 3.19 (2H, d, J  = 13.5 Hz, PhCHz), 

2.38 (IH, dd, J = 9.0, 13.0 Hz. NCHz), 2.34 (3H, s), 2.25 (IH, dd, J  = 5.0, 13.0 Hz, NCH2) , 1.06 
(3H. d, J  = 6.1 CH3). 
(13)  
corless syrup : I H  Nmr (270 MHz, CDC13), 6 7.83 (2H, dt, J  = 1.7, 8.0 Hz), 7.12-7.37 (12H. m), 3.56 

(2H. d, J  = 13.5 Hz, PhCHz), 3.19 (IH, d, J  = 13.5 Hz, PhCHz), 2.83 (IH, m), 2.62 (lH, d, J  = 7.0 

Hz) , 2.45 (3H, s), 2.23 (IH, d, J  = 4.7 Hz). 1.26 (3H, d, J  = 5.5 Hz, CH3). 
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Ir(ncat) as mixlurcs 34x0. 1600.1506, 1340, 1170, 1100 em-1. Anal. Calcd for C24Hz8N202S as 

~ilixtucrs : C. 70.55: 1-1. 6.91; N. 6.86. Found : C, 70.53; H. 6.84; N,  6.72. 
N-Benzyl - [2- (4-met l1y lbenzenzene~uIfonyl )aminoo~~]anin  (14) 
colorlcss syrup : I H  Nmr (270 MHz. CDCI?), 6 7.73 (2H, dt, J  = 2.0. 8.2 Hz), 7.16-7.36 (7H, m), 3.56 

(2H. s, PhCH2). 3.24 (IH, dtlq, J = 4.5, 6.2, 8.0 Hz, CHN), 2.56 (IH, dd. J  = 4.5, 12.0 Hz, NCH2), 

2.45 (lH, dd, J  = 8.0. 12.0 Hz, NCH2). 2.39 (3H, s), 1.10 (3H, d, J  = 6.2 Hz, CH3) , 1.47 (9H, s, 
BU'), 1.05 (3H, d, J  = 6.5 Hz, CH3), ir(CC14) 3270, 1600, 1450, 1340, 1170, 1100 cm-1. Anal. ~ a l c d  

for CI~HZZNZOZS : C, 64.32; H, 6.98; N, 8.83. Found : C, 63.93; H, 6.90; N, 8.87. 

N,N-Diethyl-[2-(4-methylbenzenesulfonyl)aminopropyl]amine (16) 

colorless syrup : I H  Nmr (270 MHz, CDC13). 6 7.76 (2H. dt, J = 13, 8.2 Hz), 7.30 (2H, m), 3.00 (lH, 

ddq, J =  5.0, 6.0, 10.0 Hz, CHN), 2.43 (3H, s), 2.25 (lH, dd, J  = 5.0, 13.0 Hz, NCHz), 2.20 (lH, 

dd, J  = 8.0, 13.0 Hz. NCHz), 2.14-2.37 (4H, ddq*2, J  = 7.0, 13.0 Hz, CH?CH2) , 1.16 (3H, d, J  = 

6.0 Hz), 0.86 (6H. I, J  = 7.0 Hz, CH3CH2), ir(CCI4) 3270, 1600, 1330, 1160, 1100 cm-1. Anal. Calcd 
for C14HxNz0zS : C, 54.12; H, 8.51; N, 9.85. Found : C, 58.68; H, 8.30; N, 9.56. 

N,N-Dibenzyl-[2-(4-methylbenzenesulfonyl)amin0]-2-~henyleth~lamine (19) and N,N- 
Dibenzyl-[2-(4-methyIbenzenesulfonyl)amino]-l-phenyethylamine (20) (inseparable 

mixtures) 

(19) 
colorless syrup : lH Nmr (270 MHz, CDC13). 6 6.88-7.52 (19H, m), 5.57 (IH, br s, TsNH), 4.31 (lH, 

d d , ' ~  = 4.5, 10.0 Hz, PhCH), 3.70 (2H, d, J = 13.0 Hz, PhCHz), 3.27 (2H, d, J  = 13.0 Hz, PhCH2), 
2.61 (lH, dd, J = 10.0, 13.0 Hz), 2.25 (1H. dd, J = 4.5, 13.0 Hz) , '2.29 (3H, s). 

(20) 
corless syrup : I H  Nmr (270 MHz, CDC13). 6 6.88-7.52 (19H, m), 5.01 (1H. br s, TsNH), 3.73 (2H, d, 

J =  13.5 Hz. PhCH2). 3.52-3.71 (2H, m), 3.01-3.12 (1H.m). 3.04 (2H, d, J =  13.5 Hz, PhCH2), 2.73 
(3H. s). 

Idneat) as mixturcs 3288. 1598, 1494, 1454, 1330, 1163 em-1. Anal. Calcd for C29H30N202S as 
mixtuers : C, 74.00; H, 6.43; N, 5.95. Found : C, 74.37; H, 6.44; N, 5.85. 
N,N-Dibenzyl-[2-(4-methylbenzenesulfonyl)aminodecyl]amine (22) 

colorless syrup :"H Nml. (270 MHz, CDC13), 6 7.68 (2H, dt, J = 1.5, 8.0 Hz), 7.15-7.36 (IZH, m), 3.52 

(2H, d, J = 13.0 Hz, PhCHz), 3.30 (2H, d, J = 13.0 Hz, PhCHz), 3.23 (lH, m), 2.40 (lH, dd, J  = 

12.5. 17.0 Hz, NCHz), 2.36 (IH, dd, J =  13.0, 17.0 Hz, NCHz) , 2.36 (3H. s), 1.43 (2H, q, J  = 7.0 
Hz), 1.14-1.34 (6H, m), 0.93-1.14 (6H, m), 0.88 (3H, t, J = 7.0 Hz), ir(neat) 3280, 1600, 1460, 1338, 

1165, 1095, 820 e m 1 .  Anal. Calcd for C31H42N202S : C, 73.47; H, 8.35; N, 5.53. Found : C, 73.52; H, 

8.30; N, 5.53. 

frans-N-(4-Methylbenzenesulfonyl)-2-(N'-diethylamino)cyclohexamine (24) 

colorlcss oil : I H  Nmr (270 MHz, CDC13). 6 7.76 (2H, dt, J  = 1.6, 8.0 Hz), 7.31 (2H, br d), 6.1 1 (lH, 

brs), 2.70 (IH, ddd, J =  4.0, 10.0, 10.0 Hz, NCH), 2.43 (3H, s ) ,  2.40 (IH. m), 2133 (IH, m), 2.10- 

2.29 (4H, m), 1.74 (2H, m), 1.63 (2H, m), 0.91-1.31 (3H, m). 0.90 (6H, t. J  = 7.0 Hz) . ir(neat) 3220, 
1600, 1500, 1450, 1400. 1350, 1160, 1095 em-1. Anal. Calcd for C17H28N2O2S : C, 62.92; H, 8.69; N, 

8.63. Found : C, 62.87; H, 8.72; N, 8.56. 
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fra11s-N-(4-Metl1yll1e11zenesulfonyl)-2-anilinocyclohexamine (25)  
colorless oil : 'H Nmr (270 MHz. CDCI3). 6 7.75 (2H. m), 7.31 (2H, I"), 7.14 (2H, I"), 6.71 ( IH,  m), 

6.47 (2H,m) ,4 .84(114 ,  h r d ,  J = 5 . 1  Hz) ,3 .40(1H,  h r s ) , 3 . 0 7  ( I H , d d d ,  J = 3 . 8 ,  10.0, 10 .0Hz ,  

NCH), 2.91 ( I H ,  m) , 2.46 (3H, s), 2.03-2.20 (2H. I"), 1.65 (2H, m), 1.55 ( l t l ,  I"), 1.17-1.38 (2H, 

~ n ) .  0.94-1.1 1 (11H. m) , ir(nc:lt) 3400, 32911, 1600, 1510, 1450, 1330, 1300, 1160, 900 em-]. Anal: 

Calcd ior ClyHziiN202S : C, 66.25: H, 7.02; N. 8.13. Found : C ,  66.12; H. 6.85; N, 8.06. 

trarts-N-(4-Metl1ylbenzenesulfonyl)-2-(~yrrolidin-l-yl)c~clohexamine (26) 
colorless syrup : I H  Nmr (270 MHz, CDCI?), 6 7.75(2H, dt, J = 2.0, 8.0 Hz) , 7.30 (2H, dt, J =  1.0, 8.0 

Hz), 2.60 ( lH ,  ddd, J = 4.0, 10.0, 10.0 Hz, NCH), 2.43 (3H, s), 2.42 ( lH ,  ddd, J = 3.0, 10.0, 10.0 

Hz, NCH), 2.31 (2H, m), 2.08 (2H, m), 1.74 (2H. m), 1.45-1.71 (6H, m), 0.98-1.33 (4H, m) , ir(neat) 
3260, 1600, 1500, 1410, 1360, 1330 1180 clr-l .  Anal. Calcd for C17HZ6N2O2S : C ,  63.32; H, 8.13; N, 

8.69. Found : C, 63.20; H, 8.05; N, 8.66. 

trans-N,NP-Dibenzyl-1,2-~~clohexanediamine (28)  
colorless oil : IH Nmr (270 MHz, CDC13). 6 7.18-7.33 (10H. m), 3.90 (2H, d, J = 13.0 Hz, PhCH2), 

3.66 (2H. d, J = 13.0 Hz, PhCHz), 2.27 (214, ddd, J = 2.1, 3.2, 8.0 Hz, NCH), 2.16 (2H, m) , 1.89 

(2H, br s), 1.71 (2H, m). 1.23 (2H, m), 1.04 (2H, m), ir(ncat) 3300, 1600, 1490, 1450, 1360, 1120, 
1030 em-I. Anal. Calcd forCz0H26N2 : C, 81.58; H, 8.90; N, 9.51. Found : C, 81.18; H, 8.68; N, 9.41. 

N-(4-MethylbenzenesulfonyI)-2-(N'-ber~zyiamino)-l-methylcyclol~examine (30)  
ycllowish solid : IH Nmr (270 MHz, CDCIj), 6 7.60 (211, dt, J = 1.7, 8.0 Hz), 7.16-7.42 (7H, m), 5.84 

(IH, br s), 4.70 ( lH ,  hr s), 3.93 (1H. d, J = 13.0 Hz, PhCHz), 3.62 ( IH,  d, J = 13.0 Hz, PhCHz), 

2.39 (3H. s), 2.29 ( l H ,  dd, J =  4.0, 11.3 Hz, NCH), 1.95-2.13 (2H, m) , 1.68 ( lH ,  m), 1.46 ( lH ,  m), 
1.18-1.31 (2H, m), 1.15 (3H. s), 0.78-1.18 (213, m), ir(neat) 3320, 1450, 1380, 1330, 1160 e m L .  Anal. 

Calcd for Cz1H~xN202S : C, 67.71; H, 7.58; N, 7.52. Found : C, 67.42; H, 7.45; N, 7.80. 

N-Benzylamino-2-[N'-(4-methylbenzent!sulfonyl)]-l-nethylcyclohexamine (31)  

ycllowish solid : IH Nmr (270 MHz, CDC13)..6 7.70 (2H, dt, J = 1.5, 8.5 Hz), 7.09-7.36 (7H, m), 5.1 1 

( lH,  br s), 3.58-(lH, d, J = 12.2 Hz, PhCHz), 3.36 (IH, d, J = 12.2 Hz, PhCH2). 2.90 ( lH,  dd, J =  

4.0, 10.5 Hz, NCH), 2.34 (3H, s) , 2.02 ( IH,  rn), 1.52- 1.74 (3H, m), 1.10-1.47 (4H, m), 1.07 (3H, s), 
ir(neat) 3350, 3250, 1600, 1490, 1440. 1320, 1160, 1070 em-I. Anal. Calcd for C21H2xN202S : C, 

67.71; H, 7.58; N, 7.52. Found : C, 67.60; H, 7.48; N, 7.51. 
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