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Abstract - On reaction with lithium dlisopropylamlde, N-alkylsulfonylamidines (1) ( a 

new class of amidines) rearrange by intramolecular attack of the carbanion generatedato 

the SO group on the amldlne carbon. 

1 

Through a cyclic thiazetidine Intermediate three 

maln c asses of compounds are formed, 1 e enamlnes (c), R-aminosulfonylenamlnes (2) and 

4H-thiazete-S,S-dioxides Cc) In the rearrangement products a and 2 the two carbon 

moieties of the amidine formerly linked to the N and S atoms, respectively, become 
linked together, with the formation of a new C-C bond. 

Since several years we are interested in the study of the synthetic posslblllties of 

tertiary N-sulfonylamldlnes These compounds have been shown to react at the 

electrophillc amldlne carbon with nucleophllic reagents as lithium aluminium hydride 

(synthesis of amlnesl) or organolithium compounds (synthesis of ketones21 As far as we 

are aware, only N-arylsulfonylamidlnes have been described till now and consldered In 

the above studies 

In the present paper we describe several hiterto unknown N-benzylsulfonyl- and 

N-alkylsulfonylamid~nes (11, which are expected to display a larger reactivity pattern 

owing to the possibility to undergo deprotonation a to the SO2 group, possibly leadlng 

to intramolecular cycllzatlon reactions. 

RESULTS AND DISCUSSION 

The amldlnes la-i were prepared by reaction of the appropriate sulfonylazide 2a-c 

with the corresponding enamines 3a_g. The preparation of azldes 2a-c was performed by 

reacting the corresponding sulfonyl chlorides with sodium azlde according to a described 

procedure3 The morpholino enamrnes 3a-e,& were obtained from the corresponding ketones 
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by reaction with an excess of morpholine and titanium tetrachloride4, whereas for Lf the 

acid-catalyzed reaction of acetophenone diethyl ketal with N-methylaniline was 

employed5. 

The cycloaddition reaction of azides (2) and enaminee (3) affords labile and not 

isolable 1,2,3-triazoline intermediates (2) which readily lose diazomethane ultimately 

yielding products i (Scheme 1). This spontaneous cycloreversion reaction is well known 

for the analogous 5-amino-1-arylsulfonyl-1,2,3-trlazolines without substituents in 

position 4=. 
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Amldlnes 1 were made to react with bases, almlng to generate a carbanlonlc 

lntermedlate a to the SO2 group, possibly able to react intramolecularly with the C=N 

bond 

Though several bases could be consldered In prlnclple It had to be born In mind that 

the electrophlllc reactlvlty of the C=N amldlne bond 1s relatively low and moreover the 

acldlty of the CH2 group a to SO2 1s not very hrgh Only strong bases appeared to be 

sultable Sodium hydride, potassium t-butoxlde, diazablcycloundecene and lithium 

dllsopropylamlde (LDA) were tried An appreciable result was obtalned only using LDA in 

tetrahydrofuran at low temperature Under these condltlons amldlnes la-i rapldly reacted 

affording reactlon mixtures from which one or more of compounds 2, 2, I, 5, 2 were 
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isolated by column chromatography on slllca gel In several cases relatively high 

amounts of untractaole tarry products were formed, maklng the chromatographlc 

elaboration of the reaction mixture dlfflcult and slow In these cases the loss of 

products formed In low amount and/or the hydrolysrs of moisture sensltlve compounds was 

unavoidable The yields llsted In Table 1 are for isolated and purlfled products 

Table 1 

Producta lrolrted (Yield X) 

_ 
Sb(261 Sb(l3) 7b(12 

6c(6) - 

ww 6d(l) 7C(5) 

60(l) 7a(4) 

Sd343) 
Ba(201 Sb(42) 

Sc(271 
Bb( 19 ) Sd(l4) 

7d(32 

5dt30l - 

The structure of all reaction products 2 

spectroscopic data 

Ketones 5a-d were easily ldentlfied through 

comparison with authentic samples The enamlnes 

high-field shift of the enamine proton 
7 

and by 

_ Sef 35) 

- 2 was confirmed on analytical and 

1 
their IR and H-NMR spectra and/or by 

8a.b were characterized by the typical 

hydrolysis to the corresponding known 

ketones respectively. The thlasete-S.S-dloxlde compounds 5 show in the IR spectrum a 

band at 1520 cm 
-1 

associated with the C=N bond In the 
1 
H-NMR spectrum a singlet at 

6 O-6 1 (I 1s associated with H-4 
13 

C-NMR resonances are observed for & at 95 ppm for 

C-4 and 181 3 ppm for C-3 Mass spectra of compound g is characterized by the absence 

of the molecular Ion Instead, an M-SO peak is present 
2 

Another Important peak 1s at 

M-S02=NH evidencing a typical loss of sulfimide8 The enamlnes 2 and the related ketones 

7 could be unequivocally identified by spectroscopic methods (IR, lH-NMR, MS) 

The pattern shown In Scheme 2 is proposed to rationalize the formation of compounds 3 

to 2 starting from the amldine 1 

The strong base LDA deprotonates the starting compound in position CL to the SO2 group 

resulting in the formation of a carbanlonic intermediate (A) which undergoes 

intramolecular cycllzatlon through nucleophlllc addition to the amidine C=N bond. The 

cyclic lntermedlate (B) is thus formed, from which all the three primary reaction 

products (1 e 5, _8 and 2) are derived The formatlon of enamlnes 5 (path al occurs by 

S02=NLi ellmlnatlon (possibly a cycloreverslon reaction) The elimination of secondary 

amine (path b) leads to the formation of the thiasete compound (6) A third possibility 
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(path cl arrses, clearly only when one of the R groups 1s H, I e. ring opening to 

produce enamines 2. The ketone products 2 and z are produced through partial hydrolysis 

of the corresponding enamlnes 2 and 8. The extent of this hydrolysrs depends on the time 

required for chromatographlc separation. which may be relatively long. In a separate 

experiment rt has been observed that pure & or e are slowly hydrolyzed during 

chromatography. It has to be stressed that ketone 2 may also arise from the thiazete 

derivative 5 through hydrolytic cleavage. This has been demonstrated 1x1 a separate 

experiment in which 6a yielded 7a when heaten in moist ethanol with a trace amount of - - 

acid. This fact is also confirmed by the formation of 7d from z since rts production - 

occurs mandatorily by this route 

Moreover, an equillbrlum exists between compounds 2 and 6 via Intermediate (B) A _- 

demonstration is offered by the reactlon of g with LDA III anhydrous tetrahydrofuran A 

partial conversion into 6a was observed, similarly, - when 6a was brought to reaction with - 

morpholine a reaction mixture was obtained from which after elaboration 5a was isolated - 

suggesting the reversibility of path 2 

Scheme 2 
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The most interesting feature of the above reactlons has to be seen in the nest 

rearrangement according to which products are obtained in wblch the two carbon moletles 

of the smidlne formerly lrnked to N and 3 atoms respectively, become lrnked together, 

thus making avarlable a new reaction useful for the formation of carbon-carbon bonds 
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EXPERIMEMTAL SECTION 

1 13 
Melting points were taken on a BUCHI 510 instrument. H-NMR and C-NMR spectra were 

recorded with Varian EM 360 and Brucker AC 200 spectrometers, chemical shifts being 

given in ppm from Me4Si. IR spectra were recorded on a PYE UNICAM- SP3-200 S Philips 

instrument. Ready to use silica gel plates were employed for TLC. 

titerials: 

LDA was freshly prepared just before each reaction. 

Enaminee g, 2, _f, have been described previously (g' ; z4 ; f5 1, products 3&, 5, 9, 

8 are unknown and were prepared by analogous procedures (2: b.p. llB°C, 1 mm Hg; C: 

b.p. 115OC, 1 mm Hg; g: b.p. 130°C, 1 mm Hg; a: b.p. 120°C. 0.5 mm Hg). 

Azide @ has been described (G 
11 

, ); g , 2 are unknown and were prepared according to 

a known procedure 'OS3 (3: b.p. 90°C, 20 mm Hg; 2c: b.p. 74OC, 20 mm Hgf. - 

N-Sulfonylamidinee (1): 

General procedure: 

Azides 2 (30 mmol) were dissolved in anhydrous methylene chloride (50 ml) and slowly 

dropped in a stirred solution of enamines 2 (30 mmol) in the same soLvent (50 ml) in a 

nitrogen atmosphere. Products 2 and 3 react rapidly and after 2 or 3 hours the reaction _ - 

mixture was worked up. After evaporation of the reaction solvent, the white solid 

residue was crystallized, Analytical and spectroscopic data are listed in Table 2. 

Table 2 

Prod. M.P. (Of,) Yield Annlynia 
% C ,I N 

la 

lb 

1C 

Id 

1C 

lf 

10 

Ih 

Ii 

148-150 52 

132 60 

103 50 

146 66 

145-146 44 

128 58 

175 a5 

106 44 

97 40 

62.50 5.70 8.10 

(62.80) (S.R!?) (8.10) 

63.60 6.00 ‘7.80 

(63.90) 16.10) I7.RO) 

63.70 6.30 7.80 

(63.90) (6.10) (‘1.110) 

58.50 6.10 12.15 

(58.80) (6.00) (17.10) 

54.90 5.30 8.10 

(54.80) (5.15) (A.001 

68.30 5.60 8.00 

(68.20) (5.701 (7.951 

59.20 5.60 12.on 

(59.10) (5.50) (17.20) 

57.00 6.65 9.60 

(56.70) (6.75) (9.aS) 

56.130 7.05 9.25 

(56.70) (7.10) (9.0-l) 

3-4fm.BH); 4.2fs.ZH); 7-7.5(m.l2H). 

2.l(s,311); 2.8-3.2(m.aH); 3.4-3.9(m.Otl); 

a.?(s,2H): R.R-7.5fm.9H). 

2.3La,3H); 3.1-3.2(m.2H) 3.5-3.6(m,2H); 3.7-3.8 

(m.PH); 4.2(s.2H); 7.2(dd,PH,J=8Hz); 7.3-7.5(m.5H). 

3.3-J.B(m,lOH); 4.2(8,3H); 6.1-6.2fm.2H); 

6.6~6.7(m,lH): 7.3-7.5(s,5H). 

3.3-3,8(m,BH); 4.3(8,2H); 7-7.6(m,BH). 

3.4(8,3H): 4.2(s,2H); 6.S7.5(m,15H). 

3-4(m.8H);a.2(6.2H); 7.2-7.5(m,7ti); 8.2-8.31m.lH); 

(m. 1H); 8.5-8.7(m,lH). 

1.3(d,6H): Sa(m,QH); 7.5(8,5H). 

O.R-l.S(m.RH): Sa(m.QH); 7.3-7.6(m.5H). 
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Reaction of N-sulfonylamidines 1 vith LDA: - 

General procedure: 

To a stirred solution of freshly prepared LDA (95 mmol) in anydrous THF, cooled to 

-40°C, a suspension of N-sulfonylamidine 1 was rapidly added, in a nitrogen atmosphere. 

The reaction mixture was then stirred for 12 h at room temperature. After evaporation of 

the solvent the crude mixture was chromatographed on a silica gel column (eluent 

petroleum ether containing increasing amounts of diethyl ether). Analytical and 

spectroscopic data of isolated products are given in Table 3. 

Table 3 

M.p.(T) 
1 

Prod. IRln&qol) Analysis H-NMR (CDCI-) -i 2 
cm C H N 

57 1680 

Y 101 1660 

SO-51 1670 

106 

b.p.(lZ) 

125 

1640 

6e 1520 

6t 147 1520 

6c 125 i520 

6d 

?a 139 

1525 

3400 

7t 173 

7c 198 

115 

6a 136 

3300 

1650 

3300 

1640 

3300 

1660 

1590 

8b 115 1600 

sa 140-142 

Sb 180 

SC 163 

9d 

se 

” 

140 

203 

3300 

3350 

3300 

3300 

3400 

85.50 6.10 / 

(85.70) (6.15) / 

85.90 6.90 / 

(85.70) (6.70) / 

71.00 4.90 / 

i71.30) (4.95) / 

81.45 3.5c I 

(al.50) (8.65) / 

65.40 4.40 5.60 

(65.40) (4.301 (5.50) 

66.00 4.90 5.00 

(66.20) (4.80) (5.10) 

59.80 5.30 10.70 

(60.00) (5.501 (10.75) 

61.00 4.85 4.90 

(61.101 (4.75) (5.101 

62.50 5.35 4.95 

(62.70) (5.25) (4.901 

51.20 3.90 4.95 

(51.20) (3.90) (5.00) 

52.90 6.00 6.30 

(52.901 (5.70) (6.30) 

81.60 7.35 4.90 

(al.701 (7.501 (5.00) 

76.20 7.50 lC.55 

(76.10) (7.45) (lC.45) 

62.50 5.75 9.25 

(62.80) (5.80) (3.15) 

63.80 6.20 7.85 

(63.90) (6.15) (7.80) 

63.40 5.90 7.70 

(63.80) (6.15) (7.60) 

48.60 6.15 15.35 

(48.60) (6.10) (15.35) 

59.10 5.50 12.20 

(59.10) (5.50) (12.20) 

4.4(5.2H); 7.3-S.2(m.lOH). 

2.4(s.3H): 4.3(s.ZH); 7.2%7.35(m.7H); 

7.9(dd,2H.J=9Hz). 

4.1(5,2H); 6.9-7.S(m.aH). 

l(q,3H,J=7Hzl; 1.25(d.3H.J=7Hzi; 1.6-l.S(m,2H): 

3.2-3.8(m,lH); 7.3-a(m.5H). 

6.8(s.lH); 7.2-7.7(m,lOH). 

2.4ts.3H); 6.8(s,lH); 7.2-7.6(m,7Hl; 

7.6-7,65(dd,2H,J=9Hr). 

9.115.3H); 6.15(dd.lH,J z5Hz.J =2.3Hz); 6.35(dd.lH. 

JAN=5Hz.J =1.7Hz); 6.7?!,lH); ?1-7.5(m.6H). 

6.lk.lH)?7-7.5(m.aHl. 

5.l(bs,ZH exch.); 6.2(s,lH); 7.2-a(m,lOH). 

2,4(s,3H); 5.9(bs ?H exch.1; 6.l,(s.lH); 

7,2(dd,ZH,J=SHz); 7.3-7.5(m,5H); 7.75(dd,ZH.J=aHzl. 

5(bs, 2H exch.); 6(s,lH); 7-7.7(m.SH). 

1.7(s.6H); 6.4(bs,2H exch.); 7.3-S(m.5H). 

2.2(s,3H); 2.7-3(m,4H); 3.6-3..S(m,dH): 5.6(m.lH); 

6.6-7.2Cm.9H). 

2.8-3(m.4~); 3.2(s.3H); 3.6-3.8(m,4H); 5.6(s.lH); 

6.l(m.ZH); 6.5-7.2(m.6H). 
2.55it,4H.J=3,6Hz); 3.4(t,bH.J=3.6Hz); A.Z(bs,ZH exch.); 

7.3-7.5(m.lOH). 

2.2(s,3H); 2.6-2.a(m,dH); Z.a-3(m,dH); 4.1-4.2(bs.ZH 

exch.); 7.2-7.6(m.9H). 
2,4(s,3H); 2.6(t.OH.J=4Hz); 3.5(t.dH.J=4Hz!; d.l(bs.ZH 

exch.); 7.2-7.5(m.9H). 
2.4-2.7(m,aH); 3.6(s.3H); a.O(bs.2H exch.); 6.15tm.lH); 

6.4fm.l~); 6.a(m.lH); 7.3-7.5(m.5H). 

3.3(s.ZH); 3.8-4(m,SH); 7.2-7.6(m.7H): a.6-8.9(m.2H). 

: uncrystallizable solld which gave only poor analytical results. 

Appendix: MS data (m/s): Sa: EI-MS: 196[M']. 185. 176. 165, 149. 139. 125; 6a:[x+]absent. 193(M-so j.178 

(M-SO =NH), 165. 154. 126. 116, 90, 82. 77, 63. 50; 7a: 275(M*]. only traces. 

43: G'l 

211, 195. 165. 152. :05. 77. 69; 

absent, 264 (M-SO NH2). 

C-NMR data (ppm from TM ): 6.9: 95, 127.3-127.5. s 

234. 220. 206. 193. 178. 165, 154. 126. 116. 104. 96. 89. 77. 71, 63, 51, 42. 

129.5-131, 136, 181.3. 6b: 34, 49. 67. 107.1. 108.1. 110.5. 

122.9-124.5. 127.21, 128.4. 138.6. 141.9; Qa: 50.8. 67.15. 117. 127.7. 128. 126.7. 128.76. 130.17. 130.29. 

130.37, 133.06, 135.84, 137.3, 157.7. 9d: 34.66, 49.96, 66.57, 108.61. 113.65. 118.99. 126.08. 127.02, 126.47. 

133.04. 135.04, 135.17, 148.54. 
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