
tert-butylhydroxylamine leads to an N-hydroxyamidoxime, the oxidation of which made it pos- 
sible to preparatively isolate an amidoxime N-oxyl radical, viz., 4-(N-oxyl-N-tert-butylcar- 
boxamidoximino)-l,2,2,5,5-pentamethyl-3-imidazoline 3-oxide. 

2. Oxidation of the radical gives a nitroso nitrone, and alkylation gives only an O- 
alkylation product (an ether amidoxime N-oxyl), whereas the similarly constructed amidoxime 
reacts to give both an O-alkylation product (an ether amidoxime) and an N-alkylation product 
(a nitrone). 
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FUNCTIONALSULFUR-CONTAINING COMPOUNDS. 

COMMUNICATION 7. REACTIONS OF 2,3-EPOXYPROPYL 

ALKYL SULFIDES, SULFOXIDES, AND SULFONES WITH 

ALKOXIDES AND AMINES 

A. R. Derzhinskii, V. E. Kalugin, 
and E. N. Prilezhaeva 

UDC 542.91:547.269.1+547.279.52+547. 
279.53:547.26'132:547.233 

In a previous paper [I] we described the nucleophilic addition of mercaptans to 2,3- 
epoxy(epithio)propyl alkyl sulfides, sulfoxides, and sulfones and showed that the specificity 
of opening of the epoxide ring depends on the structure of the mercaptan and the oxidation 
state of the sulfur atom in the substituent. 

In the present research we studied the nucleophilic addition of alcohols and amines with 
various structures to 2,3-epoxypropyl alkyl sulfides, sulfoxides, and sulfones. The reactions 
of epoxy sulfides with alkoxides [2] and with aliphatic, acyclic, and aromatic amines [3-6] 
have been described in the literature. It is assumed that only products of normal opening 
of the epoxide ring are obtained in these cases. 

We have investigated the addition of alkoxides to epoxy sulfides I at 60-65~ in the 
corresponding alcohol. The maximum yields (90-93%) of the products of addition of primary 
and secondary alcohols are achieved at an epoxide:alkoxide molar ratio of 1:1.5, and the 
yields of products of addition of tert-butyl alcohol do not exceed 5%. Despite the asser- 
tion of Rietz and co-workers [2], the reaction of epoxides I with alkoxides does not pro- 
ceed selectively~and leads to mixtures of regioisomers II and III: 

N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences of the USSR, 
Moscow. Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 7, pp. 
1623-1634, July, 1985. Original article submitted March 27, 1984. 
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TABLE i. Characteristics of Compounds with the General 
Formulas RS (O)nCHsCH (OH) CH~0R ~ and RS (0)nCH~CH (OR ~) CH~OH 

~ N  mp or Found/calc. % ~ ' . Empirical Isomer 

I t 
RSCHzCH (OII) CIIzOR ~ (II)andRSCIIzCII (OR ~) C}IzOH (III) 

(II,b~ a), 
(lllb,a) 
(lib,b), 
(ilfb,b) 
(IIb:.c). 

. (lllb,c) 
(lib,d), 
(IIIb,d) 
(Ill~, e ), 
(IIlb,e:) 
(llc,a), 
(IIIc,a) 
(I!c~c), 
( I I I c , e )  
( I I c , e ) ,  
(I l lc,e)  

(IVb,a) 

(Vb,a) 

(Vb,a) 

(IVb,b) 

(Vb,b) 

(IVc,c) 

.(Vc,c) 

(Iu 

(u 

(IVc,,D 

(Ve,e) 

(Vc,a)~ 

.(IVe,.a) 

(Vc,a) 

(IVc, 

(Vc,c) 

(IVc,e) 

(Vc,e) 

93 7t-72(1) 53,75 
53,89 

92 58-63(0,3) 56A3 

92 98-t0t(t,5) 58A___~4 
58,2i 

70 148-i49 (0,i) 68,47 
68,62 

42 !33-134(i) 65,07 
64,96 

93 ~5-~7(1,5) 61,3i 
61,49 ~ 

92 t02-104(0,8) 64,23 
1 64,07 

45 t76-t78(1) 68,72 
68,87 

(VIIb,a~ 

t0,30 t7,82 
10,t8 [ i7,98 

1~0.3~ 1~6.78 

io,8~ U5,66 
t0,75 1t5,54 
i2,05 I 9,75 
12,i2 [ 9,64 
8,3i I i3,48 
8,39 I 13,34 
tl,27 ] 13,8_._3.3 
tt,t8 I '[3,68 
"li.6h I t2,09 
tt,52 [ 12,22 
9,66 ~0,94 
9,52 10,82 

CsH1802S 

CJt~oQS 

C,oII2202S 

C19Hr 

Ci3H2oOzS 

C12H260~S 

CidLoO~S 

C~It~80~S' 

RS(O)CH~CH(OH)CH~OR i (IV)andRS(O)CH2CII(OI]~)CH2OH (V) 

A 

A 

B 
C 
A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 
i 

A 

40 

52 

93 
93 
47 

46 

54 

38 

66 
66 
48 

48 

63 

32 

4i 

53 

9O 
90 
55 

39 

62 
62 
64 

32 

Oil 

52-53 

49,27 

49,38 
49,45 

9,52 i6,47 
9,-N- t6-5-~- 

CsHis0aS 

CsHIsO~S 

Oil CaH2oO~S 

63-64 C~HzoO~S 

Oil C'oH2~O~S 

8i-82 CIoH~20~S 

30-30,5 C,9Hr 

63-64 CigH~oO~S 

69-70 C13tI2o0.~S 

t22-122,5 Ci3H2oO3S 

Oil CI~Hz603S 

58-59 C,zH~603S 

0i l  

50,5-51 

99-99,5 

i45-i44 

C~H3003S' 

Ci~H3oOaS' 

Ci7H2803S 

CiTI-Izs0~S 

RSO2CI~2CH (ORi)CII20H (VIII) 

B [ 93 93 [ 25,5-26 45,43 �9 t2,36[ CsHisO~S 
r J45,69 8,63 t2 25 [ 

(II) : (II!) 

1:1 

t : i  

3 :2  

l : i  

2 : i  

i : i  

3 :2  

2 : t  
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TABLE 1 (continued) 

Compound* 

(VlIll~ c ) 

(VII Ic ~ a ) 

VIII.Cr a ) 
IVIIIe. c 

(VlIlc, c ) 

~ o  - +rap or 
o~.~ ~'  bp (mO, 

�9 ~ ~,-~ .~ oc 

B 56 Oi l  
58 

B 90 47,5-48,5 

c 90 + 
B 52 23-23;5 

c 

Found/calc. 

C I-I 

50,28 9,4i 
50,39 9,30 
54,i5 9,91 
54,it 9,84 

57,03 t0,35 

, %  

t3,49 
13,45 

1t.96 
t2,04 

i0,84 

Empirical Isomer 
formula ratio 

C,oI:1220+l,S 

C12H260~S 

CI~H~00~S 

*The first index is R, and the second index is R=: R = C4H~ 
(b), CeH,7 (c); R I = Me (a), Et (b); iso-Pr (c), C,2Ha5 (d), 
Ph (e). 
%Method A involves the reaction of alkoxides with epoxy sulf- 
oxides VI and sulfones VII, and method C involves the reac- 
tion of alkoxides with unsaturated alcohols XI and XII. 

R~ONa I~20~ 
HSCtI2CH--CH2 ) HSCII~CHCH~OI4~ + R S C H 2 C H C H 2 0 t I  CflCI3--AeOI~ 

\ /  , I 
0 OH OR I 
(1) (11) (IIl) 

--+ RS(O)CH~CHCH~Ot{ 1 + RS(0)CII2CttCH20tI 
f t 

011 OB. x 
(IV) (V) 

We were unable to separate sulfides II and III; they were characterized in the form of 
mixtures (Table I). To determine the ratios the mixtures of sulfides II and III were oxi- 
dized by the action of HaO= to the corresponding sulfoxides IV and V (see Table i). It 
follows from the data in Table i that the ratios of regioisomers II and III vary as a func- 
tion of the structure of the alcohol. In the reactions with primary alcohols II:III = i:i, 
whereas II:III - 3:2 in the reaction with isopropyl alcohol. The analogous reaction with 
sodium phenoxide in MeOH proceeds with the formation of both regioisomers in a ratio of 3:2. 

Epoxy sulfoxides Vl and sulfones VII react differently with primary and secondary alco- 
hols in the presence of alkoxides. In this case the principal reaction pathway is the forma- 
tion of isomers V and VIII (see Table i) and dimeric products, viz., dioxanes IX and X. 

R,ONa 
IIS(O)nCtlzHC, CH~ ) lqS(O)nCH~CHCH20H + I~S(0)nCH~ O 

OR~ 
(VI), (VII) (V), (VIII) 

0 CH2S(O)nR 
(IX), (X) 

n = i ( v ) ,  (vs (Ix);  2 (v i i ) ,  ( v m ) ,  ( x ) .  

It has previously been shown [7] in the case of 2,3-epoxypropyl ethyl sulfone (Vll, R = 
Et) that the epoxy sulfone can be isomerized under the influence of EtONa to 3-ethylsulfonyl- 
prop-2-en-l-ol, the subsequent addition of the alkoxide to which leads tO 3-ethylsulfonyl-2- 
ethoxypropan-l-ol (VIII, R = R* = Et). We found that for the entire series of investigated 
compounds, both epoxy sulfoxides Vl and epoxy sulfones VII, isomerization under the influence 
of alkoxides at an epoxide:alkoxide molar ratio of 1:0.3-2 in the first step of the process 
is a general reaction that leads to the formation of the corresponding unsaturated alcohols 
XI and XII: 
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TABLE 2. Characteristics of RS(O)CH==CHCHsOH (XI) and 
RSOzCH=CHCH~OH (XII) 

Compound:': 

(Xla) 

(xi~ 

(xI c) 

(Xld) 

" (Xle) 

(XIIa) "t. 
(XlIb) 

(Xlic) 

(XlId,) 

(xlIe) 

Yield, 
% N1 :) ) ~ C 

Oil 

31-31,5 

46-47 

57,5-58 

62-63 
57,5-58 

66-67 

Found/calc., % 

G I t  

44,75 7,63 
44,75 7,5i 
52,04 8,95 
5t,82 8,70 
60,46 t0,1t 
60,5t t0,t6 
63,23 i0,78 

163,37 10,64 
65,70 tt,t2 
65,64 1t,02" 

47,24 7,64 
47,t7 7,92 
56,2t 9,57 

23,67 
23,89 
19,6i. 
t9,76 
t4,74 

o!4, 68 
12,79 
t3,01 
tt,75 

t7,78 
t7,99 
t3,80 

Empirical 
formula 

'CsHtoO~_ff 

C;Hv, O~S 

Ci~H2202S 

CiaH2602S 

Cl~t{~oOzS 

CsHIoO3S 
CTIIi~03S 

C~tH..~03S 

CiaHzs0aS' 

CtsH~oOsS 

trans:cis 
ratio 

4 : t  

4 : t  

12:1 

i g : i  

19: l  

i : 0  
l : 0  

i : 0  

1 :0  

t : 0  

*R = Et (a), Bu (b), C,H,7 (c), CtoH2, (d), and CtzHa5 (e). 
%This compound was reported to have mp 62-63~ [7]. 

I1S(O)nCH2HC--CH2 
\ /  

O 
(vt), (vn) 

n = t (vI), (xI); 2 (vlI), (xII). 

l ~ l O N a  
> RS(O)nCH=CHCH2OtI 

(xt), (xli) 

The process can be stopped at the step involving the production of the unsaturated alco- 
hols if one interrupts their subsequent reaction with the alkoxide a few seconds from the 
instant of mixing of the reagents for sulfones VII and after I0 mln for sulfoxldes VI by the 
addition of an equimolar amount of AcOH (Table 2). According to the PMR spectral data, sul- 
fones XII are trans isomers. The isomerization of epoxy sulfoxides Vl does not proceed 
stereospecifically; the ratios of the resulting cis and trans isomers depend on the length 
of the allphatic chain in starting epoxides VI. Thus the ratio of the trans and cis isomers 
for XI (R = Et, Bu) is 4:1, whereas it is 19:1 for the higher homologs. 

The reaction of unsaturated sulfones XII with alkoxides proceeds relatively rapidly 
(~I0 min) and leads to sulfones VIII. For the completion of the analogous reaction ofsulf- 
oxides XI with the alkoxldes of primary and secondary alcohols 50 h and 20 h, respectively, 
are necessary. It is characteristic that the addition of alkoxides of primary, secondary, 
and tertiary alcohols to 3-alkylthioprop-2-en-l-ols does not occur under the indicated con- 
ditions. 

As we have already noted, dioxanes IX and X are formed along with V and VIII in the re- 
action of epoxides Vl:and VII with alkoxides. In the reaction of epoxy sulfoxides VI with 
the alkoxides of primary alcohols the percentage of dioxane IX is 2%, as compared with 6% 
in the reaction with the alkoxldes of secondary alcohols. The yields of products X from 
epoxy sulfones VII are considerably higher: 5-7% in the reaction with alkoxides of primary 
alcohols, and 40% in the reaction with iso-PrONa. The process can be regulatedto favor pri- 
marily the formation of dioxane X by treatment of the epoxy sulfone with aqueous alkali [i]. 

The reaction of epoxy compounds I, VI, and VII with amines does not proceed regio- 
specifically in most cases. This is manifested particularly in the addition of amines to 
epoxy sulfides I, which is not in agreement with the conclusions in [3-6] regarding the regio- 
specificity of the formation of exclusively products of normal opening of the~epoxide ring. 
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I%*K2NI{ 
RS(O)nCII2CH--CH~ > RS(O)nCHICHCH~NR*H z n u }IS(O)nCH2CHCH2OI{ 

O 0II  NR1R~ 
(I), (VI), (VII) (XIII), (XV), (XVII) (XIV), (XVI), (XVIII) 

n = 0 (I), (XIII). (XIV); 1 (VI). (XV), (XVI); 2 (VII), (XVII), (XVIII). 

Sulfides XIII and XIV were isolated and characterized in the form of mixtures, the iso- 
meric compositions of which were determined by oxidation to the corresponding readily separ- 
able sulfoxides XV and XVI (Table 3). The analysis of the compositions of the products of 
addition of ammonia to epoxy sulfides I proved to be a more complex problem. The mixture 
of monoamines XIII (R* = R 2 = H) and XIV (R I = R ~ = H) was separated from the diadducts by 
distillation in a high vacuum and treated with an equimolar amount of octyl vinyl sulfone 
(XIX). Amino sulfones XX and XXI, which were isolated in virtually quantitative yields, 
were then oxidized to sulfoxldes XXII and XXIII. 

tlSCH~CH--CH~ 
- \ /  

0 
O) 

Nt{s 
> RSCH~CHCH,NHz~- RSCH~CHCH20H ~- diadduct  

�9 I ] 
OH NH2 

(XIII. B 1 -  B ~ = H)](XIV. R ~ = R ~== H) 
C~H..S0~CH=CH. (XIX) 

+ 
RSCH~CHCH2NH(CII2)2SO~CsII17 q- RSCH2CHCH20H 

l 1 I 
. ~  [ . ^ NH(CH~)~SO=CsHI~ 
(~) $-,-3 (XXI) 

nS(OICH~CHCH~NH(CH,hSO~C~H~, + RS(O)CH~CHCH~0I~ 

OH NH(CH2)~SO~C~HI~ 
(XXII) (XXIII) 

We were able to separate XXII and XXIII completely and characterize them, and we were 
also able to determine the ratio of the starting sulfides (see Table 3). 

The elucidation of the isomeric compositions of the products of the reaction of epoxy 
sulfoxides VI with amines was not a complicated problem, since sulfoxides XV and XVI are 
easily separated. In contrast to the latter, we were unable to separate sulfones XVll and 
XVlII, and their isomeric composition was determined by comparison of the PMR spectra of the 
reaction mixture and the corresponding anomalous isomer XVIII, which was obtained by alter- 
native synthesis by the addition of the amine to 3-alkysulfonylprop-2-en-l-ol (XII): 

R1RtNII 
C4H,SO~CH:=CHCH20H - ' C~H,SO~CH~CHCH20H 

1 
NR1R~ 

(XIl) (XVIII) 

The physicochemical characteristics of XIII-XVIII are presented in Table 3. The data 
on the isomer ratios provide evidence that the addition of amines to epoxides I, VI, and VII 
does not proceed selectively. The ratios of the regioisomers of sulfides XIII and XIV are 
~i:I in most cases, and the formation of the normal isomer is preferred only for the reaction 
with diethylamine and tert-butylamine (7:3 and 3:2, respectively). The addition of amines 
~o epoxy sulfoxides proceeds more selectively: the ratio of regioisomers XV and XVI for the 
reaction with diethylamine is 9:1, as compared with 2:1 for hexylamine and aniline and 3:2 
for piperidine. The addition of tert-butylamine to epoxides Vl is regiospecific and leads 
to the production of exclusively normal isomer XV (R I = H, R ~ �9 tert-Bu). 

The addition of amines to epoxy sulfones VII proceeds less selectively than the addi- 
tion to epoxy su!foxides VI: even in the case of the addition of dlethylamlne and tert-butyl- 
amine the ratio of regioisomers XVII and XVlII are 4:1 and 7:3, respectively (see Table 3). 

Thus, on the basis of the results of our research, it may be concluded that the chemical 
behavior of epoxy sulfides I, sulfoxides VI, and sulfones VII and the specificity of the 
nucleophilic addition of alcohols and amines are determined by the oxidation state of the 
sulfur atom in the substituent and the nature of the addends and their structure. 

EXPERIMENTAL 

The IR spectra of KBr pellets of the solid substances and thin layers of the liquids 
were recorded with a UR-10 spectrometer. The PMRspectra of solutions of the compounds in 
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CDCIs and CCI~ were recorded with Varian 60-1L, Tesla BS-467 (60 MHz), and Tesla BS-497 ~ 
(I00 MHz) spectrometers relative to hexamethyldisiloxane (HMDS). 

Addition of Alcohols to Epoxy Sulfides I in the Presence of Alkoxides. General Method. 
A 0.04-mole sample of I was added at 60~ in the course of 5 min to a solution of the sodium 
alkoxide, obtained from 30-50 ml of the alcohol and 1.4 g (0.06 g-atom) of Na, after which 
the mixture was stirred for 1 h and then poured into 200 ml of water. The aqueous mixture 
was extracted with ether, and the extract was dried over MgSO~. The ether was removed by dis- 
tillation, and the mixture of sulfides II and III was distilled in vacuo (see Table I). IR 
spectrum of iI and III (9, cm-~): 3200-3600 (OH) and 1070-1080 (CO). PMR spectrum of II and 
III (6, ppm): 2.50-2.80 m (CH=SCH2), 3.40-3.56 d (CH=O, j=4 Hz), 3.60-3.90 m (CHO), and 
3.10-3.20 s (OH). PMR spectra for the phenoxy derivatives: 4.02 d (CH=O, J = 5 Hz) and 4.06- 
4.32 m (CHO). 

Oxidation of the Mixture of Sulfides II and III. A 3-ml sample of AcOH and 1 ml (0.008 
mole) of 25% H=O= were added at 20~ to a solution of 0.006 mole of the mixture of sulfides 
II and III in 3 ml of CHCIs, after which the mixture was stirred at 35~ for 30 min and then 
poured into 20 ml of Na=COs solution. The resulting mixture was extracted with CHCIs, and the 
extract was washed with Na=COs solution and dried over MgSO~. The solvent was removed by 
distillation, and the residue was chromatographed with a column packed with silica gel in a 
hexane--acetone gradient. Fractional crystallization of the fractions from hexane-acetone 
yielded pure sulfoxides IV and V (see Table i). IR spectrum of IV and V (9, cm-L): 3200- 
3600 (OH), 1115-1125 (CO for V), 1050-1070 (CO for IV), and 1020 (SO). PRM spectrum of IV 
and V (6, ppm): 2.60-2.90 m [CH=S(O)CH2], 4.30 m (CHO for V), and 4.20-4.50 m (CHO for IV). 
PMR spectra for the phenoxy derivatives: 4.02 d (67420, J = 5 Hz) and 4.35-4.75 (CHO). 

Addition of Alcohols to VI, VII, XI, and XII in the Presence of the Alkoxides. General 
Method-~ A solution of the alkoxide (from 0.02 g-atom of Na and30 ml of the alcohol) was 
added to a solution of 0.02 mole of the substrate in i0 ml of the alcohol, and the mixture 
was stirred at 20~ until conversion was complete (i0 min for VI and XI and 20-50 h for VII 
and XII). The precipitated dioxanes IX and X [I] were removed by filtration, and the fil- 
trate was treated with CO=. The alcohol was evaporated, and the residue was chromatographed 
with a column packed with silica gel. IR spectrum of VIII (~, cm-~): 3380 (OH); 1280, 1140 
(SO=); 1050 (CO). PMR spectrum of VIII (6, ppm): 2.90-3.25 m (CH~SO=CH~), 3.55-3.60 d 
(CH=O, J : 4.5 Hz), 3.40 s (OH), and 4.10-4.40 m (CHO). 

Isomerization of Epoxy Sulfoxides VI. A solution of MeONa (from 0.01 g-atom of Na and 
3 ml of MeOH) was added to a solution of 0.02 mole of VI [I] in i0 ml of MeOH, after which 
the mixture was stirred at 200C for I0 min and worked up as described above. IR spectrum 
of XI (~, cm-~): 3200-3600 (OH), 3046 (_--CH), 1640 (O=C), 1090 (CO), and 1020 (SO). PMR 
spectrum (6, ppm): 2.75 t (CH=SO), 4.35 d (CH=O, J ~ 4 Hz), 4.85-4.90 s (OH), 6.57 s 
(C~-CHtrans, J = 0 Hz), 6.16 d (SOC}h=cis, J ~ i0 Hz), and 6.28-6.42 m (=CHcis, J ~ i0 Hz). 

Isomerization of Epoxy Sulfones VII. A solution of MeONa (from 0.01 g-atom of Na and 
3 ml of MeOH) was added to a solution of 0.02 mole of VII [I] in i0 ml of MeOH. After 5 sec, 
0.015 mole of AcOH was added, and the mixture was worked up as described for sulfoxides IV 
and V. IR spectrum of XII (~, cm-*): 3470 (OH); 3067 (=C--H); 1640 (C=C); 1290, 1130 (SOs); 
1090 (CO). PMR spectrum (6, ppm): 3.02 t (CH=SO=), 4.37 d (CH=O, J = 4 Hz), 3.40 s (OH), 
6.55 d (SO=C~rans, J = 15 Hz), and 7.00 d (=CHtrans, J = 15 Hz). 

Addition of Amines to Epoxy Sulfides I, Sulfoxides VI~ and Sulfones VII. General 
Method. A mixture of 0.03 mole of epoxide I, VI, or VII with 0.045 mole of the secondary 
amine (or with 0.12 mole of the primary amine) was maintained at 20~ from 3 to 12 days for 
epoxy sulfides I or from 3 h to 4 days for epoxy sulfoxides VI and sulfones VII. The re- 
sulting sulfides XIII and XIV were isolated by distillation in vacuo, and sulfoxides XV and 
XVI and sulfones XVII and XVIII, after removal of the amine by distillation in vacuo, were 
isolated by crystallization from hexane-acetone. IR spectrum of XIII and XIV (~, cm-~): 
3200-3600 (OH), 32QON$300 (NH), and 1050-1070 (CO). PMR spectrum of XIII and XIV (6, ppm): 
2.30-2.80 m (CH=S, CH=N), 2.80-2.96 m (CHN), 3.30-4.00 m (CHsO, CHO), 3.20-3.96 s (OH), and 
2.70-3.96 s (OH). IR spectrum of XV and XVI (~, cm-a): 3200-3600 (OH), 3280-3370 (NH), 
1030-1045 (CO for XV), 1090-1120 (CO for XVI), and 1000-1020 (SO). PMR spectrum of XV and 
XVI (6, ppm): 2.60-3.0 m [CH=S(O)CH=], 2.60-3.28 d (CH=N, J = 5.5 Hz), 2.70-3.45 m (CHN), 
4.05-4.35 d (CH=O, J = 4 Hz), 3.85-4.35 m (CHO), 2.80-4.60 (OH), and 2.75-4.60 s (NH). IR 
spectrum of XVII and XVIII (v, cm-~): 3200-3600 (OH) 3290-3380 (NH) 1290, 1130 (SO=) 
I055-i060 (CO). PMR spectrum of XVII and XVIII (6, ppm): 2.85-3.30 m (CH=SO=CH=), 2.40- 
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2.75 d (CH2N, J = 5.5 Hz), 2.90-3.30 (CHN), 3.46-4.25 d (CH20, J = 4.5 Hz), 3.88-4~ m (CHO), 
3.57-3.60 s (OH), and 3.40-3.90 s (NH). 

Oxidation of Sulfides XIII and XIV. A 4-ml sample of AcOH and 0.8 ml (0.0063 mole) of 
25% H202 were added at 20~ to a solution of 0.005 mole of the mixture of XIII and XIV in 
4 ml of CHCI3, after which the mixture was stirred at 35~ for 30 min. A solution of NaOH 
was added at 20-25~ until the mixture was strongly alkaline, and it was then extracted with 
CHCImo Theextract was dried over calcined K~C03, and the solvent was removed by distilla- 
tion. Fractional crystallization of the residue from hexane--acetone yielded individual sul- 
foxides XV and XVI (see Table 3). 

3-Alkylsulfonyl-2-alkyl(phenyl)aminopropan-3-ols XVIII. A mixture of 0.004 mole of 3- 
alkylsulfonylprop-2-en-l-ol XII and 0.006 mole of the amine in 4 ml of acetone was stirred 
at 20~ from 8 h to 8 days, after which the acetone and amine were removed by distillation 
in vacuo, and the product was crystallized from hexane-acetone (see Table 3). Some sul- 
fones ~III were characterized through the hydrochlorides, where were obtained by bubbling 
dry HCI through benzene solutions of XVIII. 

3-Butylthio-l-aminopropan-2-ol (XIIIb, Y = NH2) and 3-Butylthio-2-aminopropan-l-ol 
(_XIVb~ Y = NH~). A 25-mi sample of a 25% solution of NH~ (0.33 mole of NH~) was added to a 
solution of 5.84 g (0.04 mole) of Ib in 45 ml of MeOH, after which the mixture was main- 
tained at 20~ for 2 days. It was then evaporated, and the product was isolated by dis- 
tillation in vacuo to give 4.4 g (68%) of a mixture of sulfides Xlllb (Y ~ NH~) and XIVb 
(Y = NH~) (see Table 3). Workup of the residue yielded 1.8 g of the diadduct with mp 84- 
85~ Found: C 54.22; H 10.18; S 20.64%. C~H31N02S2. Calculated: C 54.32; H I0.i0; 
S 20.72%. IR spectrum (~, cm-~): 3380 (OH), 3030-3180 (NH), and 1070 (CO). PMR spectrum 
(~, ppm): 2.55-2.88 m (CH~S, CHIN, NH), 3.47 s (OH), and 3.68-4.11 m (CHO). 

3-Octylthio-l-aminopropan-2-ol (XIIIc~ Y = NH2) and 3-Octylthio-2-aminopropan-l-ol 
(XIVc~ Y = NH=). A 20-ml sample of 25% solution of NHs (0.265 mole of Nlls) was added to a 
solution of 5.05 g (0.025 mole) of Ic in 50 ml of MeOH, after which the mixture was main- 
tained at 200C for 2 days. The diadduct was removed by filtration, the filtrate was evapor- 
ated in vacuo, and the mixture of sulfides was crystallized from hexane--acetone to give 
3.8 g (69%) of a mixture of Xlllc (Y = NH2) and XIVc (Y ~ NH2) (see Table 3). We also ob- 
tained 1.5 g of the diadduct with mp 87.5-88.5~ Found: C 62.41; H 11.55; S 15.06%. 
C22H~TNOmS~. Calculated: C 62.65; H 11.23; S 15.21%. IR spectrum (~, cm-~): 3360 (OH), 
3030-3200 (NH), and 1070 (CO). PMR spectrum (~, ppm): 2.52-2.90 m (CH~S, CH2N, NH)~ 3.51 
s (OH), and 3.70-4.20 m (CHO). 

3-Butylthio'l-[(B-octylsulfonyl)ethylamino]propan-2-ol (XXb) and 3-Butylthio-2-[(~-octyl r 
sulfonyl)ethylamino]propan-l-ol (XXIb). A 2o04-g (0.01 mole) sample of octyl vinyl sulfone 
(XIX) [8] was added at 20~ to a solution of 1.63 g (0.01 mole) of the mixture of sulfides 
Xll!b (Y ~ NHa) and XIVb (Y = NH2) in 20 ml of MeOH. After 8 h, the precipitate was removed 
by filtration to give 3.3 g (90%) of a mixture of XX~ and XXIb with mp 94.5-95.5~ Found: 
C 55.49; H 10,06; S 17.42%. C17HsTNO~S~. Calculated: C 55.54; H 10.15; S 17.44%. 

A mixture of 3-octylthio-l[(B-octylsulfonyl)ethylamino]-propan-2-ol (XXc) and 3-octyl- 
thio-2-[(8-octylsulfonyl)ethylamino]-propan-l-ol (XXIc), with mp 99.5-I00~ was similarly 
obtained. Found: C 59.67; H 10.83; S 15.01%. C2:H~mNO3S2. Calculated: C 59.53; H 10.71; 
S 15.13%. IR spectrum of XX and XXI (v, cm-*): 3200-3600 (OH); 3300 (NH); 1310, 1132 (SO~); 
1070 (CO). PMR spectrum of XX and XXI (~, ppm~: 2.38-2.82 m (CH2S, CHN, CHIN), 2.90-3.08 m 
(CHmN), 3.15 s (CH2SO2CH~), 3.72-3.75 d (CH~O, J =4 Hz), 3.52-4.00 m (CHO). 

3-Butylsu!finyl-l-[(~-octylsulfonyl)ethylamine]propan-2-ol (XXIIb) and 3-Butylsulfinyl- 
2-[(~-octylsulfonyl)ethylamino]propan-l-ol (XXIIIb). A 3-ml sample of AcOH and 0.6 ml 
(0~ mole) of 25% H~O~ were added at 20~ to a solution of I.I g (0.003 mole) of the mix- 
ture of sulfides XXb and XXIb in 3 ml of CHCI~, after which the mixture was stirred at 35~ 
for 30 min and worked up as described for sulfoxldes XV and XVI to give i.i g (96%) of a 
mixture of XXIIb and XXIIIb, from which 0~57 g of XXIIb and 0.53 g of XXIIIb were obtained 
by fractional crystallization. Compound XXII'b had mp I02-I02.5~ Found: 53.35; H 9.77; 
S 16.64%. C~H~NO~S~. Calculated: C 53.22; H 9.72; S 16.72%. Compound XXIIIb had mp 
!27.5-128.5~ Found: C 53.31; H 9.66; S 16.79%. C~H~TNO~S~. Calculated: C 53.22; 
H 9.42; S 16.72%. 

3-Octylsulfinyl-l-[(8-octylsulfonyl)eth~lamino]propan-2-ol (XXlIc) and 3-cotylsulfinyl- 
2-[(8-octylsulfonyl)ethylamino]propan-l-ol (XXIIIc) were similarly obtained. Compound XXlIc 
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had mp I05-I06.5~ Found: C 57.18; H 10.24; S 14.65%. C21H~jNO~S~. Calculated: C 57.36; 
H 10.32; S 14.58%. Compound XXIIIc had mp 134.5-135.5~ Found: C 57.41; H 10.38; S 14.43%. 
C~IHasNO~S2. Calculated: C 57.36; H 10.32; S 14.58%. IR spectrum of XXII and XXIII (v, r- 
cm-~): 3200-3600 (OH); 3290-3310 (NH); 1020 (SO); 1310, 1132 (SOn); 1040 (CO for XXII) 
III2-11Z0 (CO for XXIII). PRM spectrum of XXII and XXIII (5, ppm): 2.50-2.92 m [CH~S(O)CH2, 
CH2N, NH],3.08-3.25 m (CHN), 2.90-3.08 m (CHIN), 3.15 s (CH~SO2CH~), 4.23-4.25 d (CH~O, J = 
4 Hz), 4.15-4.55 m (CHO), and 3.20 s (OH). 

CONCLUSIONS 

I. The reaction of 2,3-epoxypropyl alkyl sulfides with primary and secondary alcohols 
in the presence of alkoxides leads to mixtures of normal and anomalous isomers in ratios of 
i:I and 3:2, respectively. 

2. Isomerization to give 3-alkylsulfinyl(sulfonyl)prop-2-en-l-ols occurs initially 
in the reaction of epoxy sulfoxides and sulfones with the alkoxides of primary and secondary 
alcohols. The subsequent addition of the alkoxides to theunsaturated alcohols leads to 3- 
alkylsulfinyl(sulfonyl)prop-2-en-l-ols. 

3. The addition of amines to 2,3-epoxypropyl alkyl sulfides, sulfoxldes, and sulfones 
proceeds with the formation of mixtures of normal and anomalous regioisomers, the ratios of 
which depend on the oxidation state of the sulfur atom and the structure of the amine. 

i. 

2. 

3. 
4. 
5. 

6. 

7. 
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