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Sumary: Synthesis and conformational analyaie of 1-phenyl-2-wthylsulfinyl- 
(and -eulfonyl-1 ethylamine (and its N-methyl and N,N-dimethylderivativosl are 
reported. Conformational preferences have been deteri&ed by carefully obsfrving 
the changes of the vicinal coupling constants with protonation in tha II-nmr 
spectra. The strongly configuration dependent conformational behavior displayed 
by aulfoxides is explained in terms of a previously proposed donor-acceptor 
interaction between nitrogen and sulfur. Conformational equilibria of sulfones 
are controlled by eteric interaction8 except when nitrogen is protonated in 
which case a relatively weak electrostatic attraction takes place between the 
heteroatonic functions. 

Recent work has euqgeated that the different conformations1 behavior 

displayed by the diastereomers of P-oxygenatsd sulfoxider may be explained in 

terms of a f! -> a donor-acceptor interaction, strongly configuration dependent, 

between a lone pair of the oxygen in 
P 

and an adeguately oriented 2 orbital at 

sulfur 1 . On the other hand, earlier studies on 
P 

-aainosulfoxides showed similar 

differences in the bahavior of the corresponding diastereornrre2, suggesting that 

this ” -> 4 donor-acceptor interaction may be also operative between amine and 

sulfoxide groups. Since the donor ability of nitrogen lone pair in its 

interaction with sulfinyl group may be easily modified by reaction with an acid, 

a systematic study of the conformational changes to be observed when 
P- 

aainosulfoxidee are protorzated is very desirable concerning the investigation of 

the proposed c -> fi donor-acceptor interactionl. In addition, we have shovn in 

previous work that the detailed rtudy of these protonation induced 

conformational changes in a series of 
P 

-aainothioethers 3 sugge8teo that careful 

observation of the non-monotonic population variations -provoked by the gradual 

addition of trifluoracetic acid to the arinothioether dissolved in chloroform- 

is a powerful too1 for determining the conformations1 preference8 of these 

8ysteos. We thum report in the present work the oynthemir and conformational 
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l nalyria by the aforementioned protonation method’ of the 
P 

-aminosulfoxides 

indicated in Scheu 1, as well aa the corresponding sulfones, ae the firrt 

myatematic study of the nature of the interactions betwon amine and sulfoxide 

or sulfone functions. The relative configuration of the diartereowric 

sulfoxides and the qualitative importance of the p -> fi donor acceptor 

interaction1 were determined an part of the investigation. 

Ph - CH -CH2 

&a? 
collpound XL 0 

1 hh2 ’ 
2 NW 1 

3 *2 ’ 

4 h”2 2 

5 NtHe 2 

6 *2 2 

Scheme 1 

RBSULTS 

Synthesis 

Sulfoxides 1 and 2 and sulfonee 4 and 5 were prepared by oxidization of the 

corresponding thioethere3 with 1 eq. or excess, rerpectively, of SodiUrP 

rwtaperiodate or m-chloroperoxyberolc acid. The two diaetereormre obtained in 

the preparation of the sulfoxldes (in a 1:l ratio as mearured by integration of 

the corresponding CN3-S0 signals in the ~I(-nar spectrum) were separated by 

fractional crystallization in the cane of 1. The higher melting isomer Imp. 115- 

117’C) was arbitrarily designated a and its epimer (mp. 70-72’C) p. In the case 

of 2 it was necessary to convert the diastereomcric mixture into the picratc 

salts for partial separation by fractional crystallization. Treatwnt of the 

eplmeric picrates with base afforded analytical samples of the two diaetereomers 

of 2 in a purity adequate for performing appropiate nmr wasureasnts. The 

oxidization method failed in the case of the dimethylamino-sulfoxides 3 and - 

sulfone 6. Their synthesis was therefore accomplished by addition of aqueous 

diaethylaaina to 
P 

-methylsulfinyl- or 
P 

-methylsulfonylstyrene, respectively. The 

sulfoxiden 3 could not be aeparated in our hands but were independently prepared 

by methylation of each diastereomer of 1 with formaldehyde in formic acid4. A 

modified methylation procedure, using foraaldehyde and #odium borohydride’, gave 

a mixture of the starting material 1 ( cf or p 1, the N-methyl- 2 and H,N- 

dimethylaulfoxideo 3 (aorQ) ins. 1:l:l ratio ao determined by 
1 
H-nrr. This 

reaction, though not useful from a eynthetic point of view, served to correlate 



the a (and 
Q 

1 lsomrs of sulfoxidee 1, 2 and 3. Tips, diamtereorric sulfoxides 

of the same designation ( a or 
P 

1 have the aam relative configuration of their 

two (benzyl carbon and sulfur) chiral centers. 

COSkfONtiO~l USSlYSiS 

General Considerations 

The analysis of the ‘H-nmr spectra of compounds l-6, recorded under severa 1 

conditions, led to the chemical shifts and coupling constants listed in Table 1. 

The observed vicinal coupling constants are a weighted average of those of the 

individual rotamers in equilibrium (Fig. 1). The disparity found in all the 

cases between the two vicinal couplings J1,2 and J1,2 in WC12 (see Table 1) 

indicates a marked predominance of either conformer A or conformer B (see Fig. 

1) in this solvent. Which one of them is preferred depends on the assignment of 

protons H(2) and HO) of Fig. 1 to the spectral signals H(i) and H(j) of Table 

1. We have calculated the populations contained in Tables 2 to 4 in the usual 

manner 
6 

taking into account both proton assignments (.solutions 1 and 2”) and 

arbitrarily arranging the assignments in such a way that solution 1 corresponds 

in all the cases to a preference, in CDCl2, of rotamer A. 

;;Y& H>%’ r;g 
S H(2) H(3) 

A B C - - 

Figure l.- Staggered rotamrs around the C(l)-C(2) bond. 

The conformational preference in other solvents has been correlated to that 

in CDCl, by carefully observing the evolution of eguilibria in numerous solvent 

mixtures (see Table 11, several of them being omitted in Tables 2-4 for the sake 

of brevity. 

The generally small value of A6 between the methylenic protons precludes any 

chemical rhift criterion fron being used to solve the uncertainty as to which 

conformer, A or B, is preferred in CDC13. This task is accomplished (see below) 

by a careful study of the conformational changes induced by the gradual addition 

of trifluoracetic acid (TPA) to each arinosulfoxide or sulfone dissolved in 
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Table l.- 1 H-nrr paranetera for compounds 1 to 6 in various solvents. 

Comp SOlV(C") 
TPAreubstrate Chemical Shift8 (ppa) 
molar ratio H(l) H(i) Ii(j) He-S Ite-N 

Coup. con8te. (Hz)_ 

Jl,l Jl,j -Ji.j 
. ..1.......~..........~............~.~......~~...........~~..~......~~.~~.~~.. 

la CDC~~(S) 

. (1.3) 

__ 

I (3) 

I (3) 

. (3) 

I (3) 

. (3) 

I (3) 

" 0) 

__ 

0.17 

0.47 

0.00 

1.00 

3.00 

5.15 

>25.00 

TPA(3) 

0:ld(l.S) 

2:ld 1.5) 

l:ld(l.S) 

__ 

-- 

-- 

__ 

DMSO-a6(2) -- 

2a CDC~~(I) 

I (0.5) 

” (0.5) 

. (0.5) 

. (0.5) 

. (0.5) 

4:ld(0.5) 

2:ld(O.S) 

l:ld(O.S) 

__ 

0.25 

0.49 

0.96 

1.92 

3.04 

3a c~~l~(1.4) 

. (1.3) 

. (1.2) 

. (1.2) 

I (1.2) 

I) (1.1) 

I (1.0) 

. (1.0) 

TFA(l) 

DHSO-~6 (10) 

__ 

__ 

__ 

__ 

0.25 

0.50 

0.75 
. 

1.00 

1.50 

2.00 

3.00 

__ 

__ 

4.59 

4.60 

4.60 

4.64 

4.71 

4.09 

5.04 

5.10 

-_ 

5.30 

4.55 

4.44 

4.36 

4.21 

2.92 2.97 2.62 -- 

2.92 2.97 2.61 -- 

2.96b 2.62 -- 

3.11 2.90 2.60 -- 

3.50 3.05 2.66 -- 

3.60 2.97 2.60 -- 

3.71 3.20 2.73 -- 

3.04 3.33 2.05 -- 

3.94 3.51 2.96 -- 

4.07 3.72 3.04 -- 

2.9ab 2.64 -- 

3.03 2.91 2.63 -- 

3.03 2.07 2.60 -- 

2.99 2.01 2.57 -- 

4.13 2.93b 2.59 2.32 

4.32 3.23 3.06 2.62 2.30 

4.52 3.54 3.19 2.64 2.45 

4.75 3.07 3.33 2.69 2.53 

4.02 3.09 3.35 2.77 2.50 

4.04 3.09 3.40 2.01 2.62 

4.06 3.03 2.09 2.59 2.27 

4.01 3.07 2.05 2.59 2.23 

3.97 3.00 2.02 2.57 2.20 

4.11 3.35 2.99 2.61 2.20 10.0 

4.23 3.56 3.06 2.60 2.33 9.7 

4.34 3.77 3.12 2.59 2.46 0.6 

4.47 3.99 3.20 2.57 2.60 7.3 

4.59 4.21 3.27 2.55 2.75 6.2 

4.70 4.26 3.34 2.50 2.00 5.9 

4.77 4.26 3.39 2.62 2.02 6.1 

4.00 4.20 3.40 2.70 2.05 6.5 

10.5 3.3 

10.4 3.3 

14.0C 

10.2 2.0 

10.0 3.3 

9.3 2.4 

9.5 2.5 

9.0 2.4 

9.7 3.1 

9.5 3.6 

13.7c 

10.0 2.0 

10.0 3.2 

10.0 3.3 

13.SC 

9.0 3.4 13.4 

0.0 3.0 13.0 

7.9 3.9 14.1 

0.7 3.3 14.3 

0.0 2.7 14.3 

10.6 3.2 13.1 

10.6 3.4 13.1 

10.7 3.5 13.1 

4.4 13.1 

4.9 13.3 

5.0 13.6 

5.5 13.0 

5.9 14.2 

5.9 14.1 

5.9 14.1 

5.6 14.4 

5.9 15.0 

4.9 13.3 

5.15 4.14 3.90 2.90 3.1/2.9 6.7 

4.09 3.66 2.04 2.56 2.19 11.2 

12.9 

12.0 

13.3 

13.5 

13.0 

14.3 

14.5 

14.7 

14.0 

12.0 

12.9 

12.0 

a 8w/v.b Deceptively simple l pectrum.c J l,i*Jl,j value. d CDC13:DwSO-~6 mixture. 



Table 1 (cont.) 

camp SOlV(C") 
TPAraubrtrata Chemical Shifts (ppm) coup. conote. (Hz) 
molar ratio H(1) A(i) H(j) M-S He-N 

Jl,i Jl.j -Jir j 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

‘P CDC13(10) 

I (1.3) 

(1) 

(1) 

(1) 

(1) 

(1) 

TFA(1) 

E:ld(l) 

I:ld(l) 

2:ld(l) 

DHSO-ci6 (1) 

2(3 CDC13(S) 

I (0.6) 

" (1) 

l (1) 

I (1) 

I (1) 

. (1) 

. (4.8) 

I (4.81 

TFA(4.5) 

_- 

__ 

0.58 

1.48 

3.09 

5.03 

>25.00 

-- 

__ 

-- 

__ 

__ 

__ 

__ 

0.19 

0.44 

0.76 

1.27 

2.54 

4.00 

>20.00 

__ 

)P 

DMSO-d6(3.8) 

CcC13(l.3) 

I (1.3) 

" (1.2) 

. (1.2) 

. (1.1) 

. (1.0) 

0.23 

0.51 

1.01 
. 

1.59 

3.00 

TFA(1) 

4:ld(lO) 

2:ld(lO) 

l:ld(lO) 

_- 

__ 

DMSO-$(lO) __ 

4.51 3.12 2.87 2.58 

4.56 3.11 2.88 2.60 

4.66 3.45 2.98 2.54 

4.81 3.67 3.08 2.49 

4.90 3.80 3.20 2.68 

-- 3.92 3.28 2.82 

-- 4.01 3.41 2.94 

5.29 4.13 3.68 3.04 

4.52 3.11 2.92 -- 

4.48 3.10 2.95 -- 

4.43 3.08 2.96 -- 

4.25 3.01 2.95 2.55 

__ 

__ 

__ 

__ 

__ 

__ 

__ 

__ 

_- 

__ 

__ 

8.0 5.9 13.0 

8.0 5.6 12.8 

7.7 6.2 13.0 

8.0 5.8 13.4 

9.1 5.0 13.6 

9.3 4.4 13.8 

9.2 4.6 14.0 

8.6 5.8 13.7 

8.1 5.7 12.8 

7.9 6.0 12.9 

7.9 6.0 12.8 

7.6 6.5 13.0 

4.07 3.16 2.81 2.56 2.29 7.6 6.4 13.0 

4.07 3.15 2.80 2.56 2.30 7.7 6.2 12.9 

4.16 3.38 2.89 2.61 2.34 7.7 6.1 13.0 

4.30 3.65 3.03 2.65 2.41 7.7 6.5 13.1 

4.46 3.91 3.18 2.80 2.48 7.4 7.2 13.1 

4.56 4.00 3.26 2.73 2.53 7.2 7.1 13.6 

4.62 4.09 3.27 2.82 2.58 8.1 5.8 13.6 

4.80 4.04 3.41 2.88 2.70 7.8 6.2 13.7 

4.82 4.04 3.43 2.90 2.70 8.0 6.3 13.7 

4.94 4.07 3.63 3.00 2.86 7.7 6.9 13.8 

3.95 3.16 3.00 2.63 2.18 7.3 7.1 13.8 

3.82 2.99 3.46 2.54 2.22 

3.95 3.15 3.49 2.57 2.36 

4.12 3.38 3.54 2.60 2.54 

4.39 3.69 3.62 2.65 2.80 

4.46 3.71b 2.69 2.83 

4.59 3.80 3.85 2.72 2.84 

9.5 6.2 12.8 

10.1 5.6 12.7 

10.9 4.8 12.6 

11.8 3.1 12.4 

15.6' 

10.7 4.7 12.9 

13.5 

12.8 

12.8 

12.9 

5.07 3.86 4.20 3.22 3.313.1 9.5 6.2 

3.98 3.17 3.45 2.57 2.21 9.8 5.8 

4.00 3.22 3.43 2.60 2.19 10.0 5.8 

4.00 3.24 3.41 2.60 2.18 10.2 5.9 

3.99 3.34b 2.59 2.10 - - 

a bIlv.b Deceptively sirple qectrua.= J l,i*Jl,j value. d cDc13rtmso-dd aixturo. 



Table 1 (cont.) 

camp Solvfca) 
TPII:8UbStrAtA Coup. const8. 1X2) 
WiAr rAti ii(i) 

Jl,i =1,j -=i.j 
. ..1................................*.......................................... 

* (1) 0.45 
. 11) 1.00 
. (1) 2.16 
I (21 4.00 
I 121 >20.00 

TPAf2.51 -- 
D14SO-~,10)e -- 

CD$l3(lO)f -- 
(1.3) -- 

I (1.31 0.16 
= (1.3) 0.36 
. 11.3) 0.64 
. (1.3) 1.04 
I (1.3) 2.08 
l (2.7) 4.00 
. (2.7) >15.00 

TPA(1.31 -- 
DXSO-~,51g -- 

cD$13f5P 
(3) . (4.41 

1 (2.8) 
" (2.8) 
* (4.4) 
. (2.8) 
* (2.8) 
. 12.51 
* (2.51 
l 12.5) 

SW 

0.12 
0.25 
0.50 
0.75 
1.00 
1.50 
2.00 
3.00 
5.00 

>15.00 
TPAd(3.2)h -- 
5:ld (5) -- 
2:ld (5)h -- 
1:1 (5th -- 
DhSO-~(5k -- 

4.02 4.17 
4.07 4.22 
4.92 4.25 
4.96 4.28 
5.17 4.39 
4.20 3.79 
4.18 3.07 
4.22 4hO2 

4.30 

4.06 2.70 2.8f2.9 
4.05 2.76 2.8i3.0 
4.04 2.83 2.8/3-O 
4.04 2.90 2.8/3.0 
4.10 3.08 2.913.1 
3.21 2.88 2.17 
3.20 2.91 2.16 
3.26 2.98 2.14 
3.35 3.05 2.18 

4.1 
4.8 
5.3 
5.7 
7.7 
9.1 
9.2 
9.3 

10.5 
9.1 

t.: 
7:s 
6.0 
5.0 
5.0 
5.0 

14.9 
14.6 
14.5 
14.7 
14.7 
15.1 
14.9 
14.9 
14.9 

___*_____~__________~~~~~~~~~~~~~~~~~~~-~~~*~~~~~~~~~~~~~~-~~~~~~~~-~~~~-~~-~-~ 
A *,wfv.b Deceptively simple apactrum.= Jl f*Jl j value. 

d 
, t 

CDC13:Df4SO-$6 mixture. 

4.63 3.35 3.24 2.92 __ 9.8 
4.66 3.35 3.25 2.94 .._ 9.8 
4.70 3.53 3.29 2.92 _- 9.8 
4.75 3.71 3.34 2.90 __ 9.1 
4.92 4.21 3.48 2.05 __ 9.1 
5.00 4.19 3.51 2.95 __ 10.0 
5.12 4.24 3.61 2.98 m._ 10.8 
5.16 4.20 3.67 3.04 es 10.7 
5.34 4.37 4.01 3.20 _- 9.9 
4.35 3.45 3.27 2.99 __ 9.5 

4.16 3.39 3.21 2.86 2.27 
4.18 3.38 3.21 2.86 2.28 
4.24 3.56 3.29 2.85 2.32 
4.33 3.75 3.41 2.81 2.36 
4.45 4.00 3.58 2.73 2.41 
4.76 4.34 3.03 2.66 2.51 
4.14 4.43 3.67 2.90 2.60 
4.04 4.37 3.68 3.03 2.58 
4.00 4.36 3.73 3.08 2.74 
5.04 4.40 3.96 3.15 2.85 
4.07 3.63 3.32 3.03 2.17 

9.2 
9.4 
3.9 
8.2 
7.0 
6.1 
8.2 

;:: 
0.9 
9.1 

4.20 
4.21 
4.35 
4.46 
4.64 
4.73 
4.80 

3.75 3.23 
3.76 3.27 
3.93 3.57 
4.08 3.88 
4.23 4D16 

4.16 
4.15 4.11 

2.84 
2.83 
2.76 
2.66 
2.58 
2.58 
2.64 

2.17 
2.10 
2.38 
2.60 
2.76 
2.78 
2.84 

8.9 5.3 

z*: 
412 

6".: 
9:1 

2.8 10.3 

2.7 

::i 

:I: 
28 
2.6 
2.7 
3.7 
3.6 

3.8 
3.7 

5":: 
6.3 
7.6 
4.8 

::: 
4.4 
4.1 

14.2 
14.3 
14.2 
14.5 
14.6 
14.6 
14.7 
14.9 
15.0 
14.3 

14.5 
14.3 
14.4 
14.5 
14.7 
14.6 
14.9 
14.6 
14.8 
14.8 
14.5 

14.9 
14.9 
14.6 
14.9 
14.6 

Dono range couplings observed: e J i,ES - Jj,@s 
= 0.65 Hz. f Ji "es. 3, " s= 0.62 

'- 'B 

HZ. ' Ji beS- 0.62 Hz? J 
.- j,@S' 0.50 Hz; Jj,nes= 0.95 Hz. 

Table 2.- Rotamer POpUlAtiOnS for a 8UifOxidAA 1, 2 and 3 in various solventa. 

TFCI:substrate Solution 1 (%j solution 2 (8) 
Compound 5olvent molar ratio 

xA xB xC xA xD xC 

. ..==.........................=.....................=............=............. 

la CT13 
*- 3 11 -3 18 

O.S:l 5 9 -10 t: 28 
. l.O:l 79 -1 22 -11 70 41 
1 3.O:l 80 

TPII. -* 77176) 1:17! 
20 -11 
9(171 Of21 

DhSO-d_6 -- 90 4 6 -3 90 13 

2a CDc13" -- 87 3 10 -4 86 18 

cDf13 O.S:l 14 16 
1,O:l 

I 3.8X1 
DhSO-$6b -- 

72(68! 
89 6 s -1 89 12 

3a Y'3 
-* -3 

O.S:l 7 
" 1.011 
II 3,011 

TPA -* 42143) 36f32l 22f261 
DWO-d 

-5 -- 
91 23 -15 

----------------- ----_---*__c-----_--_____^______________--------------------- 
A CDCl rDNiO-d 

i 
db(4~l) mixture; deceptively simple spectra at higher CDC13 

concen r8tfon. CDCl :DUSO-d 
higher OFtSO-a(, concedratiod 

(l:ll mixture; deceptively simple 8pctrA At 
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Table 3.- Rotamet populations for 
P 

sulfoxtdcs 1, 2 and 3 in various solvents. 

TPh:substrate Solution 1 (N) Solution 2 (U) 
Compound Solvent molar ratio 

Xh XB xC Xh xe xC 

. . ..~...................~........................“~....~~.....~......~......... 

‘P Cgl3 -- 56 30 14 26 58 16 
O-6:1 51 42 7 3t 58 11 

. 1.5:1 55 38 7 26 61 13 

. 5.O:l 18 
TEA __ &62, :;{32) ii{61 2:,27, i&60 8(9) 
DHSO-t16 -- 50 41 9 37 52 11 

2c3 CDC13 -_ 51 37 12 33 13 
CDF13 0.8:l 44 :: 2 :: :: 3 

1.3:1 54 5 
. 4.0:1 :: 6' 59 

TFA __ 48f5.0) &451 l(5) %41, !i9(54) 
11 
3f5) 

DklSO-c16 -- 45 48 7 44 49 7 

3P Cof'3 -- 38 -9 30 -5 
O.S:l 2: 32 -18 7 97: -1 

. l.O:l 101 :: -13 -13 102 11 
I 3.0:1 6 92 

TPA -- &72) 46,37&9, 24(30) 81(X) -:,-5, 
Df#SO-~6a -- 80 34 -14 26 83 -9 

_____I_~____*____~__~~~~~~~~~~~~~~~~~~*~~*~~~~~-~~~~~~~~~*~~~~~~~~~~~~*~~~~~~~~ 
u CDCl :tmSO-ci6 (l:l) mixture: 
concen ration. $ 

deceptively simple spectra at higher DMSO-I1, 

Table J.- Rotamr population8 for sulfones 4. S and 6 in various solvents. 

T?h:substratt Solution I (*f Solution 2 (8) 
Compound Solvent molar ratio 

‘A XB xC Xh x0 xC 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

4 
CDf'3 

. 

. 
TPA 
DMSO-G 

5 CDC13 

CF'3 
. 

TFA 
DMSO-cl, 

6 y3 
. 
. 

TPA 
DHSO-c16 

-_ 
O.S:l 
l.O:l 
4.O:l 

-- 
-- 

-_ 
0.6:l 
l.O:l 
I-O:1 
-_ 

-_ 
0.5:1 
2.0:1 
3.0:1 
-- 

83 
76 
74 
96 
83(82) 
79 

77 

fe' 

:!,69, 
72 

68 
5 

1: 
52(54) 
73 

-2 19 
10 14 
16 10 
3 

lS(7) :,w 
4 17 

5 19 
43 13 
62 10 

25 7 
74 21 
73 23 

21 6 

-6 81 25 
-3 73 30 
3 24 

-17 ;: 24 
-3(l) 83(82) 20(17) 
0 77 23 

1 75 23 
34 50 16 
49 44 7 

0 70 8(13) 71170) :f(l7) 
7 71 22 

20 69 11 
73 20 7 
73 18 9 
64 26 10 
28f301 59(55) 13(151 
16 74 10 

Table 5.- Rotamr populations in CDCl 11) and DHSO-d (Bf for the 
diasttrsomers of 1 and l-phan~l-2-~t~~~sulfin~let~a~~ (ref. 161, 

Compound 
A 

xh XB % Xh 5 xc 
. . . ..“......................................................................... 

HydroxyruAtoxLdo R*,R+ 85 3 12 
hmfnosulfexida la 

93 
86 3 11 90 I 4 

Hydroxysulfoxtdt R+,S* 
ii 

8 56 13 
hoino8ultoxMs I 

s 
30 1': SO :: 9 

~~*....------_---- _c_*________________~~~~~~~~~~~*~~~*~~~~~~~~~~~~"*~~~~~~~~__~~ 
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CDclJ, following the procedure deocribad in previous work’. the m&sequent 

observation of conmimtency (or lack theroof) in the variation of conformational 

populations from one coapound to another, taking into account the expected 

affects to be exerted by the different methyl substitution at nitrogen and by 

solvent changes, provides a reliable aethod for checking the correctness of the 

proton ameignnnt made. 

Protonation 

We have 

induced by 

preferences 

expected to 

l tudieo 

found in previoue work that the rtudy of the population changes 

protonation was particularly useful to asess the conformations1 

3 
of aminothioethers . In the prement cane, the amino group8 are 

interact in CDC13 with sulfoxide and eulfone functions by attractive 

electrostatic (N ‘-,S b7 and hydrogen bonding (N-H . ..O-S) or donor-acceptor 

(1 -> 2) interactions’. Either rotamrs A or B will be predominant depending on 

the relative importance of these interactions compared to ateric factors. But 

whatever this balance may be, when a small anount of TPA ie added the 

effectiviness of the interactions stabilizing A must be diminished since the 

nitrogen is no longer negatively charged; the electrostatic interaction N 6*/s 6* 

is now repuleive and the donor-acceptor interactions cannot take place. However, 

new attractive interactions stabilizing rotamer A presumably come into play when 

the nitrogen is protonsted, namely attractive electrostatic interaction N 6+,o 6- 

and/or hydrogen bonding l N-H...O-S (Figure 2). 

X,Y = :,Me 

Figure 2.- Electrostatic interactione in the protonated aninosulfoxidea. 

Neverthelem, the trifluoracetate ion l ust ba adequately rolvated (or free of 

tight gegenion pairing) for these interactions to ba effective8 and, as we found 

in previous work3, this is not the caue when the TPA:subetrate molar ratio is 

le8o or equal to one. Therefore, whatever the original preference in CDC13 may 

be, a diminution of xA should take place with the initial addition of TPA. It 
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may be seen in the Tables that this expected behavior is observed when one takes 

solution 1 as the correct one in all compounds except 3 
PI 

that is to say, if 

one assumes A to be the preferred rotamer in CDC13 for all cases but 3p’. 

A detailed analysis of Tables 2, 3 and 4 also supports the solution taken as 

correct in each compound: i) if solution 2 were correct for sulfoxides la and 2 

a (Table 21 and sulfones 4 and 5 (Table 41, steric factors would have to be 

paramount in controlling conformational eguilibria since rota-r B would then be 

assumed to be predominant. However, it can be observed in Tables 2 and 4 that 

solution 2 gives a higher XC population, regardless of solvent, compared to that 

of rotamer Alo, which is not reasonable at all 8 ince C ie by far the most 

sterically crowded rotamer (Pig. 11. Solution 1 is therefore reinforced for la, 

2a e 4 and 5; ii) if rota-r B were predominant in pure TFA for the 

sulfoxides (solution 2 of Table 21, steric repulsion between the heteroatomic 

functions would have to override any possible electrostatic attraction between 

them. This hypothesis conflicts with the observed trend of xB in solution 2 in 

pure TFA (Table 2) in the series la(7681, 2a(63%), 3a(4581, which is in the 

opposite sense to that expected based on the increasing sire of the respective 

ammonium functions [*NH3 (ial < l N1i2he12~l < l NHble2(3a)]. The same rationale 

can be applied to the sulfones 4, 5 and 6 (see Table 4, solution 21 and to 

sulfoxides lp 20 (see and Table 3, solution 21. On the other hand, if one 

accepts solution 1, the observed change in xA in pure TFA on going down the 

Tables agrees with the expected increase of size of the ammonium function [Table 

2: xA177t(ia) > xA-72a(2al > xA=42A(3(X1r Table 3: xA=618(1 
P 

) > XA1488(1 1; 
P 

Table 4: XA’838 (41 > xA=70t(51 > XA -52t(611; iii) it appears that 3 
P 

is the 

only case where rota-r B (Fig. 11 is predominant (see above) . Now the amino 

group in 
)P 

is the bulkiest in its homologous series and this conpound should 

therefore display a lower xA value than 1 
Q 9. 

or 2 If solution 1 is correct for 

the latter compounds as it is suggested by the above evidence, only solution 2 

for 3 
P 

complies with this rationale, regardless of solvent (see Table 3). 

Coafiguratiorul l eslqrant of aulf4nidoa 

Once a reasonable basis for conformational analysis and proton assignment 

had been developed, one can asses which epiaeric sulfoxlde, a or @, is R*,R* 

and which R*,S*. It is seen in Tables 2 and 3 that, for a given sulfoxide in 

CDC13r rota-r A is at least 3Ot more populated (at the expense of B, which la 

correspondingly at least 30% less populated) in the a isomers than in their 

counterparts. This means that the 
XA’XB ratio -and therefore the relative 

stability of rotaars A and B- is highly configuration dependent. The 

configurational as8ignlsnt may be based on this fact. The most stable A and B 
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rotawrs for the two configurations 11 
are depicted in Figure 3. 

(Isomer R’,R*) 

ARS (isomer R*.S*) BRS 

Pigure 3.- Host stable conformations (ref. 11) of the sulfoxides under study. 

Dealing first with the E rotamers, it may be observed (Pig. 3) that BRS 

should be more stable than B RR since the former has a (O/H) I,3_p interaction 

(perhaps stabilizing If one recall5 the slight axial preference of S-O group in 

thiane S-oxide 
12 1 and the latter a destabilizing (Me/H)l,3_p steric interaction. 

The saino rationale may be applied to ARS and ARR; in the latter, the 2 -> d 

donor-acceptor interaction’ might be also a contributing stabilizing factor l-l, 
This analysis, then, suggests that the R*,R* isomers should display a higher 

xA/xB ratio than their R*,S* epimers. Therefore, one should asslgn the R*,R* 

configuration to the a and the R* ,S* configuration to the 
P 

isomers. 

It is interesting to compare the results obtained for both isomers of 1 and 

the diasteraomeric 1-phenyl-2-methylsulfinylethanol 
16 (see Table 5) where the 

proton assignment was unequivocal from additional data (i.e. long range H-O-C-C- 

H coupling constantsI’ 1 and the configurational assignment was confirmed by X- 

16 
ray diffraction analysis . It may be observe& in Table 5 that the behavior of 1 

a and the hydroxysulfoxtde of confiquration R*,R* is almost idantica 1 

regardless of the solvent, supporting the previous configurational asoiqnment 
17 
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and suggesting that the stability of A rotamer is not altered by the replacement 

of the heteroatonic function (OH by NH2) in position 2. In contraet, the 

behavior of 1Q in CDCl3 deviates from that of the corresponding 

hydroxysulfoxide R*,S*. Ih the case of the R*,S* hydroxyeulfoxide intramolecular 

hydrogen bonding was an important stabilizing factor of rotamer A 
1E 

whereas in 1 
P 

this factor hardly contributes to the stabilization of that rotamer (vide 

infra). When intramolecular hydrogen bonding is not possible, as in DHSO-acl, the 

populations of both hydroxy- and aminoeulfoxidee are in reasonable agreement 

(Table 51, again reinforcing the previous configurational assignment. 

DISCOSSICM 

The aainoeulfoxidee studied in this work exhibited substantial differences 

in conformational behavior (vide supra) similar to those displayed by their 

homologous 
P 

-oxygenated derivatives’ or even larger, as in the case of the 

3a yj pair (see Tables 2 and 3). The response toward solvent polarity changes 

resulted also configuration dependent. It may be seen in Table 3 that XD 

slightly increases in isomre 
‘P 

and 2p at the expense of XA and XC as 

solvent polarity increases (from CDCl3 to DklSO-c16). This fact suggests a 

slight contribution from intramolecular hydrogen bonding and/ or electrostatic 

6-,, 6 + 
S attraction to the stability of the conformations with the heteroatomic 

functions in gauche arrangement (Fig. 11 in the 
P 

sulfoxides (R*,S*). However, 

a similar population change is observed in 3 
P8 

where hydrogen bonding is not 

possible to begin with, and the contribution of even a weak intramolecular 

association in 1 and 2 should therefore be disregarded. On the other 

’ %6 
hand, 

neither electrostatic -rJ/ l S attraction nor steric factors should be 

important in controlling the equilibria of a isomers (Table 2) since i) XA is 

almost unaltered by the increase in solvent polarity and ii) these compounds, in 

CDC13 or DMSO-a, , showed a remarkable insensitivity toward increasing methyl 

substitution at nitrogen [in contrast to what is observed in their 
P 

epimers 

(Table 3) and sulfones (Table 4) where XA decreases on going down the Tables, 

i.e. according to the -- increasing size of amine function]. These f indinge 

strongly suggest a special stability of A rotamer in a isomers that may be 

explained in terms of the n -> d donor - - acceptor interaction propoeed in - 

oxygena ted sulfoxides 
1 

, between the lone pair of nitrogen and properly oriented 

4 orbital at sulfur. This interaction can be attained in a conformation similar 

to ARR (Fig. 31’ but not in AM. 

Among the conformational behavior differences exhibited by the 

aminosulfoxides studied in this work, those related with protonation resulted 

specially interesting. When the nitrogen is protonated, the electrostatic 

attraction 6’N/ 6-O-S (rig . 2) ahould play a significant role in the 
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stabilization of A rotamer. This hipothesis is supported by the observed 

increase of XA from cDC13 to high TFA:substrate molar ratios in sulfoxide 1 
P 

(Table 3) and sulfone 4 (Table 4120P21. However, the population of A rotaner in 

the a sulfoxides is higher in CDC13 than in any TFWCUC13 mixture or pure TFA 

(Table 21, suggesting that the interaction of ‘N with so in the a isomers 

(R*,R*) is less favorable than that of the free anine with sulfoxide group. This 

finding might constitute the first experimental evidence concerning the high 

importance of the n_ -> d donor-acceptor interaction 
22 

in adequately oriented 

P 
-heteroatomic sulfoxidesl. Unfortunately, the semiquantitative character of 

this work does not allow estimation of the magnitude of this stabilization 
23 

. 

Finally, the sulfones 4-6 showed almost no change with medium polarity 

suggesting that the electrostatic component of the interactions between the 

nitrogen and sulfone functions does not play a significant role in controlling 

the conformational equilibria of p-aminosulfones, in contrast to what was 

observed in homologous 
P 

-oxigenated sulfones 
7 . The high contribution of rotamer 

A in compounds 4-6 should be attributed to the instability of conformation B 

rather than to any special stabilization of A since it is seen in Fig. 4 that, 

whatever be the arrangement around the C-S bond in rotamer B, there is always an 

unfavorable 1,3-parallel interaction between the phony1 group and the oxygen or 

methyl groups of the sulfone. 

Rotamer X Y 2 --- 

*1 0 0 ne 

A2 one0 

A3 k 0 0 

Rotamer X Y Z --- 

Rl 0 0 He 

Sz 0 ne 0 

S3 He 0 0 

Figure 4.- Conformations A and B of sulfones studied in this work. 
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Lwi range coupling constants have been obeerved between the methyl 

hydrogen6 of the sulfonc and the methylene group (see Table 11. In sulfones 4 

and 5 the methyl is equally coupled with both methylene protons t4J l 0.6 Hz1 

suggesting either free rotation around the C-S bonds or approximately equal 

populations for the rotamers A2 and A3 of Pig. 4 [which can display a “W” 

arrangement between one of the methyl hydrogen8 and Hl2l or H(3), respectively], 

However, the dimethylamino sulfone 6 displays two different long range 

couplings, 0.95 iir and 0.5 Hz (Table 11, the methylenic proton that shows the 

lovest vicinal coup1 ing with H(1) -and should be therefore in gauche 

relationship to H(l)- having the highest long range coupling with the 

nethylsulfonyl hydrogens. This inequality of the long range couplings strongly 

suggests that when the nitrogen function is dimethylamino, the C-S bond is 

predominantly arranged as shown in rotamer A3 of Fig. 4”. A similar situation 

has been also found in B-alkoxysulfones 
25.26 

. It appears that the C-S bond 

rotation is only severe limited when the adjacent heteroatomic function (O-alkyl 

or NMe2) does not bear any hydrogen, the methyl attached to sulfur being forced 

to an 1,3-parallel relationship with nitrogen (or oxygen in 
P 

-oxygenated 

sulfonesl. This arrangement is probably attained to overcome the repulsion 

between the lone pairs of the 
P 

heteroatom and the sulfonyl oxygen that 

otherwise would take place 
27 . 

KXPBRIwQmAL PART 
Melting points were determined on a Ruchi 594392 type S apparatus in open 

capi lary tubes and are uncorrected. 
“Instftuto de Quimica OrgAnica de1 CSIC’ 

Elemental analyses were performed by the 
in Madrid with a Perkin-Elmer 240 

analyzer. IR spectra were recorded under the conditions specified for each 
compound on a Pye-Unicam SP-1100 Spectrometer. Uass spectra were recorded in a 
Hewlett-Packard 5995 spectrometer at 70 eV. Proton nmr spectra were recorded in 
the FT mode on a Varian XL-100-15 spectrometer coupled with a Ovarian 620/L 16X 
computer transforming 8?i data points. Shifts are reported in ppm downfield from 
internal TWS and are accurate within280.1 Hz. Anafyrres of 
carried 

the spectra vere 
out by 8 WOCOON3 program on a VAX 111780 computer. we estimate the 

reliability of all values to be within 0.1 Hrr the root mean square deviations 
for the calculated and experimntal lines were always better than 0.05 Hz. 

1-phenyl-2-nthylaulfigylethylarine (1) was obtained by oxidization of l-phenyl- 
2-nethylthioethylamine with one equivalent of sodium Yflt’Jpriodate or m- 
chloroperoxybenzoic acid following described procedures ’ 
Separation of 

- yield 85-901. 
the diasteraomer designated q was carried o;t by 

crystallization from benzene? m.p. 115-117 c. The other isomer t 
regovered from the mother liquors and recrystallized from ethyl ether; 
72 C. US m/e (relative intensity) la 120 (371, 119 (531 , 107(81, 106(1001, 
104(371, 103(341. 91(191, 79(341, 78t121, 77(411, 63(111: 

‘B 
120 (401 , 119(511, 

1071101, 106(100), 104~421, 103t391, 911233, 791391, 781161, 77(481, 63f151. H- 
nmr la (CDcl I 6 2.12 Is broad, NH211 2.59 (8, CH sl, 2.95 (m, cH2S1, 4.59 (n, 
CHN), 7.26 (a, arom.): 

4.54 (m, CHN), 
::iO:H3%, 29b0, 

1B fCDC131 6 2.24 (8 broad, NHbl, 2.59 ((I, CH S), 3.00 
7.35 (m, arom.) . IR mixture f difstereome?s (KBrl 

lR.p. 176-178 c. 
1605, 1495, 1455, 1023, 795, 765 ang 705 cm . Picrate of la, 

Picrate of l@ , m.p. 230-238 C; anal. calculated for 
C H 0 N S, C 43.7, H 3.9, N 13.6, S 7.8; found (mixture of 
435816~8349 N 13 6 s 7 6 

dfastereowrs) C 
. * * , f . . * 

N-methyl-l-pbenyl-2-aethylsuljfnylethyluias (2) was obtained 
phenyl-2-methylthioethylaaine 

from N-wthyl-l- 

for 1; yield 80-85t . 
following identical procedures to tho& indicated 

The diastereomers could not be separated by 
crystallization. WS r/eirelative intensity) 134(201, 133(80), 132 (SO), 
120 (1001 1191251, 118(331, 
(CDC131 6 1.78 (8 broad, 

911261, 78(151, 77 (291, 
ltl’91, 

63(101, 42(701. ii-nar 
NH) t 2.09 ts broad, NH), 2.29 fs, CH3Nl, 2.32 fs, 

CH3Nl, 2.56 (8, CH3St, 2.59 (8, CH3Sl, 2.94 fm, cH2s a isomsrl, 2.98 (m, CH2S 
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Q isowr, , 
I (film1 

4.07 m, cm a i~0116r), 4.13 (m, CHN B ieowrl, 7.35 (I, 
3460, 3340, 2810, 

tl.IOlt. 
1495, 1455, 1310, 1140, 1030, 765 and 700 cm i* 

Picrat.8. - The diastereomeric picrates could be partially separated in bad yield 
after repeated cryotalliration from ethanol. The precipitated mixture I8 75t 
enriched in one imomer and its eplmer could be recovered from the mother liquors 

7Ot excess. Treatment of these mixtures with aqueous sodium bicarbonate 
billowed by extraction and work-up yielded analytical sagplea of each enriched 
diastereomer; m.p. mixture of diastereomers 130-140 C. Anal. calculated for 
C16H1808N4S, C 45.1, H 4.3, N 13.1, S 7.51 found C 45.2, H 4.5, N 13.1, S 7.6. 

N,N-dir~l-l-~yl-2~~ylaulfinylothyluiru (3).- Method al Fifty aililiter 
of- 5OR aqueous dinethylamine solution and 1.54 g (0.01 no11 of 
methylsulfinylstyrene P 

- 
in 20 ml of ethanol were stirred at room temperature or 

30 days. The solvent was removed and the mixture treated with 50 ml of 208 
hydrochloric acid and extracted several times with methylene chloride to remove 
non-basic impurities. The aqueous layer was carefully neutralized with 2OU 
sodium hydroxide and extracted with nethylcne chloride. Work-up of the extracts 
yielded 1.83 g (928) of the two diastereomers that could not be separated in our 
handa. Method b) To 0.2 g (1.2 ~01) of a or 1 

Q 
0.18 g (3.6 mm011 of 888 

fgrmic acid and 0.27 g (3.6 amob) of commercia 408 formaldehyde were added at 
0 C and the mixture stirred at 00 C for 24 h. Dilute hydrochloric acid (1 ml) 
was added at room temperature and the mixture was extracted with methylene 
chloride to rerbove non-basic impurities and then neutralized with diluted sodium 
hydroxide. Extraction of the aqueous layer with methylene chloride and usual 
work-up yielded 0.15-0.20 g of 3(x or 3 
The product did not crystallize. Method c P 

depending on the starting material. 
;o a solution of 0.2 g (1.2 mmoll of 

la or 1 in 5 ml of methanol 1 g (13 mm011 of commercial 4Ot formaldehyde were 
added a the mixture refluxed for 2 h. Sodium borohydride (0.6 g; 16 ram011 was 
added at room temperature and the mixture stirred overnight. Solvent was removed 
and the residue extracted with methylene chloride. Work-up of the extracts 
yielded a mixture of the fl or R isomers. depending on the startina material. 
of 1, 2 and 3 whose confiGrati&s were -thereby chemically correlated. MS 
mixture of diastereomers q /e(relative intensity) 148(llII 147(621, 146(100), 
134(60). 1051121. 104(23). 103(151. 91I251. 78(11). 77(20). H-nmr 3fl (CDCl,Ib 

(m, CH S) 4.14 (m, CHN); 7.30 cd,- 
2.68 (8, Cif S;, 3.30 (n, 
diastereot&s (film) 2960,%$: 

3.93 
1460, 

mixture of diastereomers 170-175 C. Anal. 
;;lc6ul;t;d,for Cl7 H O’N S C 46.4, H 4.5. N 12.7, S 7.3; 2. 8 4 found C 46.1, H 4.3, N 

. , . . 

N-phenyl-2-rsthyloulfonylethyl~ine (4).- It was3synthetized in 
oxidization of 

658 yield by 
1-phenyl-2-methylthioethylaybne with two equivalents of sodiun 

metaperiodate following described procaduree and purified by recrystallization 
from carbon tetrachloride; m.p. 63-66 C. BS m/e (relative 120(91, 
119 (531, 107(9), 106(100), 104 (29) , 91(9), 79 (30), 

intenyityl 
77(201. H-nmr (CLXl 16 

1.90 (8 broad, NH 1, 2.93 (s, CH S), 3.30 (n, CH S), 4.64 (m, 
(nujsll 330& 3230, 1610 

MN), 7.35 !A, 
arom.). IR 1295, 1305, 1300, 1140, 1105, 910, 810, 
780, 720 and 705 cm . Picrate m.p. 158% (dec. 1 . Anal. calculated for 
C15H160gN4S C 42.1, H 3.8, N 13.1, S 7.5; found C 42.1, H 3.6, N 13.3, S 7.8. 

N-mthyl-1-phonyl-2-rsthylsulfoayletbyluine IS).- It was prepajed in 698 yield 

by oxidization of N-methyl-l-phenyl-2-methylthioethylaaine following the 
identical orocedure to Fhat indicated for 4 and recrvstallized from carbon 
tetrachloridet m.p. 76-70’c. MS m/e(relative intensity) 133 (271, 132 (361 , 
121(91, 120(1001, 11801, 104(141, 91(g), 79(31, 78(g). 77(141, 57t12). 42 (43). 
‘H-nnr- (CDCl 1 6 
CH Sl, 

1.89. (s broad, NH), 2.28 (8, CH NJ,; 2.86 (m, CH3Sl, 3.29 (m, 

1280, 
4.17 (A, CHN), 7.30 (m, arom.1. 
1150, 1140, 1110, 965, 870, 

I;4;KB;Ud35;;; ;;ll, 2810, 1310, 1287, 

C10H1502NS C 56.3, H 7.1, N 6.5; found C 56.0, H 7.3, N 6.2. 
Anal. calculated for 

yield from dimethylamine and 
procedure to that dessribed for 3 
intensity) 22701 n , 
91(181, 78(121, 77(211. 

obtained in 86% 
identical 

MS a/e (relative 
134(1001, 104(171, 102(201, 

CH Sl, 

860, 780, 760, 740 a;d 
2355 

71; 

12.3: S 7.07 found C 44.6, 
calculated for C17H200gN4S C 44.7, H 4.4, N 

H 4.5, N 12.3, S 7.3. 

AC-. We are indebted to Prof. Ernest L. Eliel for discussing the 

manuscript and for his improvement of our “broken” english. 
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