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ABSTRACT 

The low resolution mass spectra of alkyl and aryl s u l f i i i d e s  containing alkyl, cyc le  
alkyl, aryl and cyclic amine functions were recorded and the major fragmentation modes were 
elucidated with the aid of metastable peaks. In addition, the behavior of a variety of sulfinate 
esters upon electron-impact was similarly established. 

In recent years many electron-impact studies of 
organo-sulfur compounds have appeared in the litera- 
ture.' However, the investigation of sulfinyl com- 
pounds has hitherto been confined to sulfoxides, If 
arylsulfinylamines,* thio~ulfinates~ and sulfinylph- 
tha l imide~ .~  In addition, Baarschers and Krupay' have 
determined the mass spectra of two alkyl arenesulfin- 
ates and two aryl alkanesulfinates. 

derivatives thus prompted us to obtain the mass spectra 
of sulfinamides I-VII as well as those of alkyl alkane- 
sulfinates VlII-XI and the alkyl arenesulfinate XII. 

Our interest in the fragmentation modes of sulfinyl 
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Mass Spectra of Sulfmamides I-VIII 

Despite the wide variety of the sulfinamides studied, 
certain general features are nevertheless common to all. 
Compounds I-VII exhibit parent peaks varying in 
intensity from 60% in sulfinanilide IV to 1 % in the 
morpholine derivative V. Furthermore, the spectra of 
these sulfinamides appear to be dominated by cleavage 
of the carbon-sulfur and nitrogen-sulfur bonds. How- 
ever, the exact nature of these fragmentation processes 
is highly dependent on the type of nitrogen and sulfur 
substituents. 

intense parent peak at m/e 135. Cleavage of the inethyl- 
sulfinyl bond generates ion 1 as evidence by the base 
peak at  m/e 120. The loss of two consecutive ethylene 
molecules from the latter fragment then produces 
strong peaks at m/e 92 and 64 attributable to ions 2 
and 3, with appropriate metastable ions being observed 
for all of these processes. 

However, loss of a methyl radical from the ethyl 
group of the molecular ion followed by expulsion of 
ethylene could generate species 4 and 5, isomeric with 
1 and 2. Furthermore, ejection of the neutral fragment 
HC=NH from 5 might then produce 6 at m/e 64. These 
processes are illustrated below. 

Further evidence for the existence of the mechanism 
P+ + 1 -+ 2 + 3 is suggested by the facile formation of 
fragments containing the >N&S=O moiety in sulfinyl- 
phthalimides4 and in other sulfmamides vide infra. On 
the other hand, a significant contribution of species 4 
to the peak at  m/e 120 is not unlikely in view of the 
fact that a process analogous to P++ 4 has been 
reported in the spectrum of N,N-diethylacetamide.6 
In order to resolve this behavioral dichotomy, a high 
resolution spectrum of the peak at m/e 64 was obtained. 

The spectrum of sulfinamide I displays a moderately 
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WS=N 

d e  120 m/e 92 Je 64 
1 2 3 

t. 

C2H5 

m/e 135 
+’ 
I 

m/e 120 
4 

m/e 92 
5 

m/e 64 
6 

This showed the contributions of NH2SO+ and 
CH4SO+ to be in the ratio of 15 : 1, thereby confirming 
the process P+ + 1 + 2 + 3. However, the low abund- 
ance of 6 indicates that P+ + 4 + 5 + 6 is not a favored 
pathway. The latter fragment could also arise directly 
from the molecular ion. 

L 

m/e 1 3  

8 

/ m/e 58 

4 /cui2=s=0 7 

A moderately strong ion at m/e 58 was also ob- 
served in the spectrum of I. A similar peak has been 
attributed to fragment 7 in the spectrum of N,N- 
diethylacetamide6, and was found to arise both via 
loss of ketene from the carbonyl analog of 4 and 
through formation of 8 from the molecular ion 
followed by loss of a methyl radical. Similar processes 
are likely operative in the sulfinamide I as shown 
below; however, lack of appropriate metastable ions 
precludes their confirmation. 

The spectrum of sulfinamide I1 again reveals carbon- 
sulfur fission to be a key process. Unlike derivative I 
however, compound I1 permits charge retention by the 
alkyl fragment as well as by the sulfur-bearing moiety. 
Hence, although species 9 is prominent, it is not the 
base peak in I1 as 1 is in I. Furthermore, an abundant 
ion at m/e 43 indicates the presence of the i-propyl 
cation. Loss of butene from 9 then provides a strong 
peak at m/e 78,lO. In addition, [CH3NSO] can be 

m/e 111 

II+* 

--C3H7 

+/ m/e 134 A 
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expelled from 9 as a neutral fragment, thereby generating 
the butyl cation. The latter two processes are accom- 
panied by the presence of appropriate metastable peaks 
at m/e 45.4 and 24.2 respectively. 

It is also possible for carbon-sulfur scission to be 
accompanied by the transfer of a hydrogen atom from 
the isopropyl group to the sulfinyl moiety, thus pro- 
ducing ion 11 along with a molecule of propene via the 
five-center McLafferty rearrangement' shown below. 
The process P+ -+ 11 is confirmed by the presence of a 
metastable peak at m/e 103.0. It  is interesting to note 
that a similar mechanism was found to be operative in 
the case of alkylsulfinylphthalimides4 containing p- 
hydrogen atoms on the sulfur substituent. 

H 

(333 
'0+ 

II / 
.S-N 

n-CqHg 
\ 

-I 

m/e 135 
11  

In addition to cleavage of the alkyl-sulfur bond, 
facile ruptures of the nitrogen-sulfur linkage occurs 
as evidenced by the base peak of the spectrum at m/e 
92. Genesis of ion 12 likely proceeds by rearrangement 
of a 0-hydrogen from the butyl group to the sulfinyl 
oxygen with concomitant elimination of the imine as 
shown below. 

+' r iic\ 1 

II+' 

d e 9 2  

12 

The complexity of the spectrum of sulfinamide 111 
is largely due to the presence of the cyclohexyl group 
which undergoes a wide variety of bond fissions and 
rearrangements. The appearance of a moderately strong 
peak at m/e 83 is likely due to formation of the cyclo- 

hexyl cation 13 which then proceeds to lose ethylene 
to generate 14 as shown below. This process, which is 
confirmed to a metastable ion at m/e 36.4, has also 
been reported in the mass spectrum of methylcyclo- 
hexane by Meyerson.' These authors reported that 
ethylene is lost from the molecular ion of the latter 
compound in a complex fashion with the ethylene 
carbons originating in any of several positions. I t  is 
likely that the process 13 + 14 proceeds in a similarly 
equivocal manner in 111. 

L m/e 223 J 

13 14 

The penultimate and base peaks of 111 appear at 
m/e 43 and 41 respectively. The identity of these 
ions is most likely that of the isopropyl and ally1 
cations; however, the lack of appropriate metastable 
peaks precludes determination of their exact origin. 

The site of initial bond cleavage in the molecular 
ion of I11 may also be the sulfinamide linkage (>N-S), 
thus producing ion 15 at m/e 98. Subsequent loss of 
a neutral fragment of 42 mass units is indicated by a 
strong peak at m/e 56 (16) and by a metastable peak 
at m/e 32.0. The mechanism depicted below may be 
invoked to rationalize this process. It is interesting to 
note that fragment 16 provides the base peak in the 
spectrum of cycl~hexylamine~ although its origin in 
that compound was postulated lg  to be the parent ion 
rather than 15. 

r 

m/e 98 
15 

It is also possible that the peak at m/e 56 receives a 
significant contribution from the ion C4HS+ as the 
latter moiety is prominent in the spectra of both cyclo- 
hexane and its methyl derivative.' 

Scission of the nitrogen-sulfur bond also permits 
positive charge to remain on the sulfur-containing 
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r 7 

/ m/e 125 

III+' 17 

m/e  126 

18 

Harpp and Thomas G. Back 

fragment. Thus, formation of species 17 and 18 results 
in moderately strong peaks appearing at m/e 125 and 
126 with the presence of the latter indicating the 
possibility of a hydrogen rearrangement. Furthermore, 
a significant peak at m/e 97 together with a metastable 
ion at m/e 75.3 suggests formation of the thiapyrrylium 
ion 19 from 17. This rearrangement is well-known in 
certain sulfoxides'O and sulfinate esters.' 

The presence of abundant ions at m/e 77 and 78 
(20 and 21) in the spectrum of sulfmamide I11 indicates 
that fission of the aryl-sulfur linkage is also a favored 
process with formation of 21 necessitating a hydrogen 
transfer to the aryl group. 

r 7 +  r 1 +. 

LOJ  
m/e 77 

20 

LOJ 
m/e 70 

21 

In addition to the fragments obtained by cleavage 
of the three principal bonds in the C-N-S-C unit, 
the spectrum of I11 revealed a moderate peak at m/e 
175 (22). This species is likely due to loss of SO from 
the parent ion, a process which has previously been 
noted in the spectra of certain sulfoxides' and 
~ulfmylphthalimides.~ 

L 
m/e 175 

22 

The spectrum of sulfinanilide IV has been investigated 
by Baarschers and Krupay.' However, comment was 
made on only one fragment, namely that of 23 which 
may be formed by ejection of CH2=S=0 from the 
parent ion. Our own studies confirm the formation of 

this ion." Furthermore, we found that loss of HCN 
from 23 generates 24 with an accompanying metastable 
peak at m/e 46.8. The process 23 -+ 24 has also been 
observed in the spectra of a~etani l ide '~ and aniline.14 

I V + '  

m/e 93 m/e 66 

23 24 

The spectrum of compound IV displays the strongest 
parent peak of all sulfinamides studied having a relative 
intensity of 60%. In addition, simple cleavage of the 
sulfrnamide bond forms ion 25 which furnishes the base 
peak at m/e 92. Elimination of HCN from the latter 

rv+' 

27 

m/e 92 

2s 

r 1 

L J m/e 39 

ny'a 65 

26 
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r 0 

m/e 225 

"+' 

fragment produces the cyclopentadienyl cation 26 at 
m/e 65 which in turn loses acetylene to provide C3H; 
at m/e 39. 

Alternately, ion 25 may be generated via loss of a 
methyl radical from the molecular ion followed by 
expulsion of SO from fragment 27. All of these pro- 
cesses are accompanied by metastable peaks. 

The mass spectrum of N-(benzylsulfinyl)-morpho- 
line (V) displays a faint parent peak and is dominated 
by formation of the tropylium ion 28 which furnishes 
the base peak at m/e 91. Further fragmentation of the 
latter species produces the cyclopentadienyl ion 26 as 
evidenced by a metastable peak at m/e 46.4. Carbon- 
sulfur scission may also result in charge retention by 
the sulfur-bearing fragment thus generating 29. However, 
the lower abundance of the latter ion demonstrates 
that retention by the tropylium ion" is the favored 
process. 

The presence of intense peaks at m/e 57 and 56 is 
likely due to formation of ions 30 and 30a. These frag- 
ments have also been observed in the mass spectra of 
morpholine-containing sulfenamides'6 where their 

r 0 

+. 
V 

28 

29 

identity was established through high resolution experi- 
ments. A reasonable mechanism for the genesis of 30 
and 30a appears below; however, it must be pointed out 
that expulsion of the neutral sulfine fragment prior 
to that of formaldehyde is arbitrary as the converse 
could likewise readily occur. The lack of strong peaks 
at m/e 87 (P+-C,H,SO) and 195 (P+-CHzO) and of 
the corresponding metastable ions prevents resolution 
of this mechanistic dichotomy. Furthermore, the 
source of the rearranged hydrogen atom is equivocal 
as it could conceivably originate from the ortho posi- 
tion of the benzene ring. 

The spectrum of the piperidine derivative VI dis- 
plays a strong parent peak and is dominated by rupture 
of the alkyl-sulfur bond. Thus, fragment 31 furnishes 
the base peak at m/e 132. Ring contraction in the 
latter species then proceeds with ejection of NH=S=O, 
thereby generating the cyclopentyl cation 32 whch 
furnishes the penultimate peak at m/e 69. Loss of 
ethylene from 32 results in the formation of a strong 
peak at m/e 41 attributable to the ally1 cation. These 
processes are all accompanied by metastable peaks. 

H H 
r I + -  i r I +  i 

" J  L "  

3oa 30 
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164 David N. Harpp and Thomas G. Back 

The appearance of a strong peak at m/e 133 (33) 
also implies that carbon-sulfur scission may occur 
with rearrangement of hydrogen to the sulfinyl group 
with concomitant elimination of ethylene. An analo- 
gous process was found to be prominent only in com- 
pound I1 among the sulfinamides studied (vide supra). 

H.! J 
-- H 

m/e 161 m/e 132 

V I + '  31 

m/e 69 m/e 41 

32 

This fact lends further support to the postulate that 
the transferred hydrogen originates in the B-position 
of the alkyl substituent on sulfur. It is also worthy 
of note that the intensity of 11 in 11 is considerably 
greater than that of 33 in VI. This may be a reflection 
of the greater stability of the alkene fragment and 
greater relief of steric hndrance in the former com- 
pound. 

+. 
VI 33 

The spectrum of bissulfinamide VII is quite complex 
as a result of the presence of two sulfinamide functions 
each of which may undergo fragmentation. Major frag- 
ments result from cleavage of both S-N bonds. Also, 
many abundant ions result from fission of the pipera- 
zine ring. 

Mass Spectra of Sulfinate Esters VIII-XI1 

The chief fragmentation modes of sulfinate esters - 

result from cleavage of the carbon-sulfuI linkage or 

alternately by rupture of the sulfur-oxygen single 
bond. Rearrangement of hydrogen may also accompany 
the former process; however, in general, the spectra p f  
compounds VIII-XI1 are simpler than those of the 
sulfinamides I-VII. 

In methyl n-butanesulfinate (VIII), alkyl-sulfur 
scission generates the butyl cation which furnishes the 
base peak. Further decomposition of this fragment 
accounts for the presence of a strong peak at m/e 41, 
attributable to the ally1 cation, whch  in turn produces 
ion 34 at m/e 39 through loss of a hydrogen molecule. 
The latter two processes are accompanied by appro- 
priate metastable peaks. 

VIII+' 

L 

m/e 41 m/e 39 

34 

Alternately, carbon-sulfur cleavage may permit 
charge to reside on the sulfur-containing fragment, 
thus forming ions 35 and 36. The existence of the 
latter suggests a hydrogen transfer, most likely from 
the 0-position of the 12-butyl group as follows. T h s  
process is analogous to the five-center Mchfferty 
rearrangement observed in sulfinamides I1 and VI. 

In sulfinate ester IX the base peak at m/e 43 indi- 
cates facile formation of the i-propyl cation. Although 
a small contribution to this peak from the oxygen 
substituent would be expected, we feel that the 
majority derives from the group on sulfur, particularly 
in view of the intensity of the butyl cation in VIII. 
Two hydrogen molecules are then lost consecutively 
to provide strong peaks at m/e 41 and 39 (metastable 
ions at m/e 39.1 and 37.1). 

36 in the spectrum of VIII provides the ion 37; how- 
ever, the abundance of the latter is considerably lower 
(9% vs. 45% for 36). 

In addition, a process analogous to the formation of 

FIS-OM~) + -C4Hq' 

m/e 79 

35 VIII+' 36 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
4
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



MS of Sulfinamides and Sulfinates 165 

+. also studied. The latter compound reveals a significantly 
more pronounced parent peak (relative intensity 60%) 
than derivatives VIII-XI. Furthermore, fragments 17, 
19 and 20 are abundant in the spectrum of XII. Their 
Occurence in that of methyl benzenesulfinate has also 

0 - k3H7'] 

m/e 150 m/e 43 

IX +' been recently reported.' 
Furthermore, the spectrum of derivative XI1 displays 

a strong peak at m/e 142 (39) attributable to loss of 
ethylene from the parent ion. Fragment 39 in turn 
loses SOz to generate 21 as follows. The appropriate 
metastable peaks are observed for both processes. 

Finally, the presence of an abundant ion at m/e 51 
can be rationalized by expulsion of acetylene from 20 
as evidenced by the metastable peak at m/e 33.8. 

m/e 41 

m/e 108 

IX+' 37 Summary 

Finally, cleavage of the sulfur-oxygen single bond 
generates fragment 38 at m/e 91. 

IX+' - I ~ - c ~ H ~ - s o +  I 

m/e 91 

3u 

The mass spectrum of ethyl benzylsulfinate (X) is 
exceedingly simple due to overwhelming domination by 
the tropylium ion 28. 

Carbon-sulfur cleavage similarly is important in the 
spectrum of ester XI, but unlike the case of X, charge 
is retained almost exclusively by the sulfur-bearing 
fragment 35 which provides the base peak. Also, loss 
of C H 3 0 .  from the molecular ion results in a minor 
peak at m/e 121. This behavior contrasts with that of 
diethyl malonate" in which analogous loss of an 
ethoxy radical furnishes the base peak of the spectrum. 

In addition to the spectra of the alkyl alkanesulfi- 
nates VIII-XI, that of ethyl benzenesulfinate (XII) was 

The low resolution mass spectra of alkyl and aryl 
sulfinamides containing alkyl, cycloalkyl, aryl and 
cyclic amine functions were recorded and the major 
fragmentation modes were elucidated with the aid of 
metastable ions. Moreover, the behavior of a variety of 
sdfinate esters upon electron-impact was similarly 
established. 

spectra of all sulfinamides studied. However, the 
parent ions are generally considerably less intense in 
those derivatives having higher molecular weights. 
Cleavage of the carbon-sulfur bond plays a prominent 
role in the fragmentation of compounds I-VII. With the 
exception of 111, all display strong peaks resulting from 
rupture of the carbon-sulfur linkage with retention of 
charge by the sulfur-containing fragment. Since facile 
hydrogen rearrangement accompanies t h s  process only 
in I1 and VI, it appears that the availability of hydrogen 
in the &position of an alkyl substituent on sulfur is 
necessary for such a transfer to take place. 

It was found that parent peaks are observed in the 

m/e 170 

XII+' 

m/e 142 

39 
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166 David N. Harpp and Thomas G. Back 

Alternately, carbon-sulfur scission in sulfinamides 
may permit charge retention by carbon; however, such 
ions are prominent only in derivatives II , III ,  and V 
where the cation so formed possesses exceptional 
stability. 

certain cases. I t  occurs with charge retention by either 
half in Ill and MI and primarily by nitrogen in sulfin- 
anilide IV. Rearrangement of a hydrogen atom to the 
amine function is also favorable in the latter compound 
and a similar transfer to the sulfinyl group in I1 pro- 
vides the vase peak in its spectrum. 

significant in Ill and faint in V. 

nate esters studied with that of the aryl derivative XI1 
being by far the most intense. The spectra of com- 
pounds VIII-XI1 are again dominated by cleavage of 
the crucial carbon-sulfur linkage, with the resulting 
alkyl or aryl fragments providing the base peaks in all 
of the esters except XI. The anomalous behavior of the 
latter is due to more favorable retention of charge by 
the sulfur-containing moiety. 

Fragmentation of the sulfur-oxygen single bond is 
significant in ester XII, likely the result of resonance 
stabilization of the ion formed. This process also plays 
a minor role in the spectrum of compound IX. 

Cleavage of the sulfinamide bond is also indicated in 

In addition, loss of SO from the molecular ion is 

Parent peaks were also observed in all of the sulfi- 

Experimental Section 

prepared by the method of Harpp and Back.4 Mass spectra 
The sulfinamides I-VII and sulfinate esters VIII-XI1 were 

were recorded by Mr. W. Budd on a model AEI-MS-902 
spectrometer using a direct insertion probe. All peaks whose 
relative intensity exceeds 10% of the base peak are listed in 
Table I. 

Acknowledgment 

We thank the National Research Council of Canada 
for financial support of this work. 

References 
1.  (a) B. C. Hobrock and R. W. Kiser,J. Phys. Chem., 

67,648,1283 (1  963); (b) B. G. Gowenlock, J.  
Kay and J .  R. Majer, 72.ans. Far. Soc., 59, 2463 
(1 963); (c) J .  H. Bowie, S .  0. Lawesson, J .  8. 
Madsen, C. Nolde, C. Schroll and D. H. Williams, 
.I. Chem. Suc. (B), 946 ( 1  966); (d) R. C. Gillis 
and J .  L. Occolowitz, Tcfrahedron Letf. .  1997 
(1966); (e) “Mass Spectrometry of Organic Com- 
pounds” by H. Budzikiewicz, C. Djerassi and 
D. H. Williams, Ch. 7, 15 and 19 (Holden-Day, 
1967); ( f )  H. Budzikiewicz ef  al., op. cif., ch. 19: 
(g) ibid, p.307; (h) R. A.  Khmel’nitskii, E. S .  
Brodskii, A.  A. Polyakova and 1. A. Mikhailov, 
Zh. Org. Khim., 4,732 (1968); (i) E. S .  Brodskii, 
R. A. Khmel’mitsb, A. A. Polyakova and I.  A. 
Mikhailov, Zh. Org. Khim., 5,969 (1969); (j) W. D. 
Weringa, Tefrahedron L e f f . ,  273 (1969); (k) 
G. H. Wahl Jr., Org. Mass Specfrom., 3 ,  1349 
(1  970); (1) W. R. Cullen, D. C. Frost and M. T. 
Pun,Inorg. Chem.,9, 1976(1970);(m)S. Kozuka, 
H. Takahashi and S .  Oae, Bull. Chem. Soc. Japan, 

TABLE I~ - Rslative Intensities I-XII lq /e( t )  

&a Parent peak is denoted by P+ and is followed by: m/a (relative intensity). 
All peaks > 10% are included. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
4
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



MS of Sulfiiamides and Sulfinates 167 

43, 129 (1970); (n) M. Hamming, Arch. Muss 
SpectrulDutu, 2, 162 (1971); (0) Also see D. N. 
Harpp and J .  G. Gleason,J. Org. Chem., 36,73 
(1971) for a recent discussion of some novel mass 
spectral fragmentation processes in cystine 
derivatives. 

2 .  J .  H. Bowie, F. C. V. Larsson, G. Schroll, S. 0. 
Lawesson and R. G. Cooks, Tetrahedron 23,3743 
(1967). 

3. E. Block, M. D. Bentley, F. A. Davis, I. B. Douglas 
and J.  A. Lacadi, J. Org. Chem., 40,2770 (1975). 

4. D. N. Harpp and T. G. Back,J. Org. Chem., 38, 
4328 (1973). 

5. W. H. Baarschers and B. W. Krupay, Can. J. 
Chem.. 51,156(1973),ThePh.D.Thesesof 
J .  G. Gleason, McGill University (1970) and 
N. K. Sharma, University of Ottawa (1975) con- 
tain data on the mass spectral fragmentation of 
cyclic sulfinate esters (sultines). 

Ohashi, H. Budzikiewicz, and C. Djerassi,J. Am. 
Chem. SOC., 85,2470 (1963). 

7. F. W. McLafferty, “Interpretation of Mass Spec- 
tra” , W. J. Benjamin (1966), p. 124. 

8. S. Meyerson, T. D. Nevitt, and P. N .  Rylander, 
“Advances in Mass Spectrometry”, R. M. Elliott, 

6 .  Z. Pelah, M. A. Kielczewski, J.  M. Wilson, M. 

Ed., Vol. 2, pp. 313-336. Pergamon Press (1963). 

Organic Chemistry” by J .  H. Beynon, pp. 391-393 
(Elsevier, 1960). 

Madsen, C. Nolde, and G. Schroll, Tetrahedron, 
22,3515 (1966). 

11. J. 8. Madsen, C. Nolde, S. 0. Lawesson, G. Schroll, 
J. H. Bowie, and D. H. Williams, Tetrahedron Lett., 
4377 (1965). 

12. Baarschers and Krupay’ indicated that 23 was the 
base peak in the spectrum of IV. Our results show 
the relative intensity of this fragment to be only 
28%. 

9. “Mass Spectrometry and its Application to 

10. J. H. Bowie, D. H. Williams, S. 0. Lawesson, J.  0. 

13. J. L. Cotter,J. Chem. Soc., 5477 (1964). 
14. P. N. Rylander, S .  Meyerson, E. L. Eliel, and J. D. 

McCollum, J.  Am. Chem. SOC., 85 ,  2723 
(1963). 

15. It is possible that benzyl systems of this type do 
not form tropylium ions initially, see J. Winkler 
and F. W. McLafferty, J. Am. Chem. SOC., 95, 
7533 (1973). 

16. D. N. Harpp, T. G. Back, and J. P. Snyder,Int. J. 
Sulfur Chem., (in press). 

17. J. H. Bowie, D. H. Williams, S.  0. Lawesson, and 
G .  Schrol1,J. Org. Chem., 31,1792 (1966). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
4
8
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


