Cyclic Organophosphorus Compounds
XVIIT—The Mass Spectra of Some 5,5-Dimethyl-perhydro-1,3,2-

oxazaphosph(v)orines
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The electron impact mass spectra of six 5,5-dimethyl and eleven 3,5,5-trimethyl-perhydro-1,3,2-0xazaphos-
phorine 2-oxides and 2-sulphides are reported and compared with those of analogous 5,5-dimethyl-1,3,2-di-
oxaphosph(v) orinans. Compounds of the 3,5,5-trimethyl series produce an important ion at m/z 44 which
clearly distinguishes them from the 5,5-dimethyl series. The 2-sulphides are characterized by loss of thiol
radical rather than of sulphur; in the case of 2-cyclohexylamino-3,5,5-trimethyl-perhydro-1,3,2-0xazaphos-
phorine 2-sulphide at least, the thiol hydrogen is derived from the oxazaphosphorine ring NCH, group.
Fission of the oxazaphosphorine ring occurs largely, but apparently not exclusively, at the P—O—C linkages.

INTRODUCTION

5,5-Dimethyl-1,3,2-dioxaphosph(v)orinans 1 (X=0
or S) have proved to be valuable model compounds
for the study of reaction mechanisms in organophos-
phorus chemistry, as well as providing a fruitful area
for structural investigations by both 'H and *'P nuc-
lear magnetic resonance (NMR) spectroscopy, infrared
spectroscopy and x-ray analysis. More recently, atten-
tion has turned to mass spectroscopic studies on
these'? and related® compounds.

On the other hand, such studies have not been
carried out to such an extent on perhydro-1,3,2-0x-
azaphosphorines,* a fact which is surprising in the light
of the enormous interest in structural aspects of the
chemistry of cyclophosphamide (2-bis-(2-chloroethyl)-
amino-perhydro-1,3,2-oxazaphosphorine 2-oxide) and
related compounds, and in the search for biologically
active analogues of this important anti-tumour com-
pound. Mass spectroscopy has been used to charac-
terize other potential anti-cancer compounds posses-
sing related structures,’ and also metabolites of cyc-
lophosphamide by determination of molecular
weight,® but detailed analyses of fragmentation pat-
terns have not been given. Chemical ionization mass
spectrometry has been used, in conjunction with gas
chromatography, to estimate cyclophosphamide.’
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RESULTS AND DISCUSSION

The relative intensities of the more important common
ions obtained from 5,5-dimethyl-perhydro-1,3,2-o0x-
azaphosphorine 2-oxides and 2-sulphides 2 (R'=H;
X =0 or S) and their 3-methyl derivatives 2 (R' = Me;
X =0 or S) under electron impact conditions have
been determined. For both series of compounds 2
(R'=H or Me), [M]* ions for the 2-sulphides (Table
2) are generally more intense than those from the
2-oxides (Table 1), a tendency which has also been
found for the 1,3,2-dioxaphosphorinans 1 (X=0 or
S).

Fragmentation of substituents attached to the oxa-
zaphosphorine ring

Pronounced loss of methyl radicals from 5,5-dimethyl-
1,3,2-dioxaphosph(v)orinans occurs only through fis-
sion of a P—Me bond, or by fragmentation of an
appropriate exocyclic substituent, e.g., iso-Pr or tert-
Bu, attached to phosphorus either directly or indi-
rectly through O or N; loss of a methyl group from the
5-position is very weak. Generally, [M~—15]" ions are
also weak for the 2-oxides of both the 5,5-dimethyl
and the 3,5,5-trimethyl series of oxazaphosphorines,
and they are barely detectable for the 2-sulphides.

Intense [M~—15]" ions do result from cleavage of a
tert-butyl group in 2¢ and 2h, and by fission of the
P—Me bond in 2g; the marked loss of methyl from the
2-phenoxy compound 2e is unusual, and a similar
observation has been made by Francis et al. for the
corresponding 1,3,2-dioxaphosph(v)orinan. Otherwise,
the N-methyl compounds show no propensity to lose
methyl from either a ring carbon atom or the ring
nitrogen atom. The N-trideuteriomethyl analogues of
2m and 2p lose only 15, and not 18 u, indicating the
preferential loss of a methyl group from a ring carbon
atom.

For the 1,3,2-dioxaphosph(v)orinans, the ion a (X =
O) is formed (relative intensities 2-23%) by direct
fission of the P—R bond in 1 with hydrogen transfer,
and it is accompanied by the much weaker ion b
(X=0) produced without hydrogen transfer; both
ions are formed more extensively from those com-
pounds having amino substituents attached to phos-
phorus than from those with other substituents. The
corresponding ion from the perhydro-oxaza-
phosphorines, ¢ (X =), is more important when R’ is
Me (m/z 162; relative intensity up to 29%) than when
R! is H (m/z 148). In addition, the relative intensities
of the two sulphide ions ¢ (X=8, R'=H or Me), at
m/z 164 and 178 respectively, are greater than is that
of the corresponding ion, b (X =8) at m/z 165, for the
dioxaphosphorinan series.

Table 1. Fragmentation data for 5,5-dimethyl and 3,5,5-trimethyl-perhydro-1,3,2-0xazaphosphorine 2-oxides m/z

(% relative abundance)
Compound M [M-186]" [M-54]"
231 (8) 216 (a) 177 (8)
239(17) 224 (a) 185(11)
205 (7) 190 (4) 151 (9)
225(23) 210 (2) 171(26)
241(66) 226(10) 187(37)
177(49) 162(12) 123(42)
219(46) 204(12) 165(49)
239 (6) — 185{(13)
244 (9) 191(14)
253 (3)
197(14)
199(3)
m 255(57)
n 260(18)

2 Trace only.

M-~-8B]"
176(100)
184(100)
150(100)
170(100}
186(100)
122 (98)
164 (98)
184(100)
190(100)
198(100)
142(100)
144(100)
200(100}
205(100)

M-66]""

149 (9)

182(a)
184(a)
240 (7)
245 (a)

143(11)
201(22)
206(21)
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140(14)
185(39) 156(23)
92(13)

1

199(20) 170 (8)
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an — — (18 — — (1) — — —
(3) — (100 (31) — — @& — — —
B9 — (19) (720 — @ @ —/ @ —
@9) — (23) (200 — — (13) (1/— (11) (5)
(99) (98) (47) (100) — (10) (14) (19/(12) (7) (12)
(93) (e8) (33) (88) — — (13) —/(23) (11) (29)
(13) (100) () (1) — — — @/ — ~—
{20) (100) (14) (10} (3) (3) — —/{4) (3) (4)
(19) (75) (8) (18) — — (6 —/( () O
(34) 686) — — — (2) (3 {(4/— (25 (17
27) (689) (9) (8) (N (2 (& —/19) (22) (1)
(41) (96) (27) (38) — — (11) (9)/(95) (14) (20)

Table 2. Fragmentation data for 5,5-dimethyl- and 3,5,5-trimethyl-perhydro-1,3,2-oxazaphosphorine

2-sulphides m/z (% relative abundance)

Compound [MI* [M-32" [M-33]" [M-54]" [M-B5]" IM-56]" 41 44 5 5 69 84/98 146 164178
F 257(100) —  224{10) 203 (9) 202 (70) 201{46) (30) — (14} (11) (45) (100)/— — (18)/—
213 (65) —  180(%4) 159(27) 158 (98) 157(67) _

215 (23) —  182(29) — 160 (75) 159(27) (59) (98) (24) (35) (20) —/(50) (9) /(27)
p° 271 (52) 229(3) 228(18) 217(15) 216(100} 215(89) (35} (48) (15) (9) (26) —/(95) (23) —/(48)
q° 276 (37) 244(2) 24316) — 261 (d) —  {43) (60} (29) (14) (22) —/(100) (100) —/{22)

® m/z 132 {12%); m/z 148 (67%).
® m/z 106 (26%); m/z 162 (57%).

< m/z 67 (5%); m/z68 (5%).
4 Trace only.
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The four 2-phenoxy compounds (2e, 2f, 2m and 2p)
do not afford [M—PhOH]" or, as appropriate, [M—
PhSHT" ions, nor do the two oxides yield [M—PhO]J"
ions. On the other hand, the sulphides 2f and 2p do
give [M—PhO]J" ions (18 and 48% respectively) as
well as [M —PhS]" ions (67 and 57% respectively); for
compound 2f, the relative intensities of the [M—
PhOJ" and [M—PhS]" ions formed at 145°C are 11
and 50%.

Like the 1,3,2-dioxaphosphorinan 2-sulphides, the
perhydro-1,3,2-oxazaphosphorine 2-sulphides do not
lose sulphur directly on electron impact. However,
direct formation of the [M—SH]" ion (metastables) is
more important for the compounds 2f, 20 and 2p than
for the corresponding dioxaphosphorinans, but the
reverse is true for the cyclohexylamide 2q. Deuterium
labelling in selected compounds in the 5,5-dimethyl-
dioxaphosphorinan series has demonstrated that the
thiol hydrogen (deuterium) is derived from a C-methyl
group (1: X=S, R=NHCH,;-cyclo) or from a ring
methylene group (1: X=S; R=Cl or Ph)." In the light
of evidence described elsewhere,'® and in the ability
of the N—Me group to survive hydrogen transfer
processes in compounds which lack sulphur, it seems
unlikely that N—H and N—-Me groups in the ox-
azaphosphorine ring act as sources of the thiol hyd-
rogen. For the trideuteriomethy! analogue of com-
pound 2p, the [M-32]1"/[M]", [M—33]"/[M]" and
[M—34]"/IM]" ratios are 0.020, 0.124 and 0.015
respectively, compared with 0.000, 0.100 and 0.000
for the triprotomethyl compound; the implication is
that the thiol hydrogen is derived from a site other
than the ring N—Me group. At 145 °C, the [4,4-°H,]
analogue of compound 2f gives [M—34]"/[M]*" and
[M-331/IM]" ratios of 0.026 and 0.005, with no
formation of the [M—-32]" ion; for compound 2f
itself, [M—34]" ions are not observed, and the [M—
3377/IMT and [M—321"/[M]* ratios are 0.051 and
0.010 respectively. Thus, at least for compound 2f, the
thiol hydrogen appears to be derived from the
perhydro-oxazaphosphorme ring N— CHz group, al-
though the experience gained elsewhere' suggests that
this situation need not necessarily occur with other
compounds of the same series.

The behaviour of the perhydro-1,3,2-oxazaphos-
phorines possessing other substituents on phosphorus
generally parallels that of the corresponding 1,3,2-di-
oxaphosphorinans and, with the exception of the N-
cyclohexylamides, needs no further comment. The
oxide 2m yields an intense [M—43]" ion (42%), pre-
sumably d (X = O) (the corresponding ion d (X=S8) is
not formed from the sulphide 2q), together with other
more intense ions in which, evidently, the cyclohexane
ring remains intact but the phosphorus-containing ring
has undergone fragmentation.

Fragmentation of the perhydro-oxazaphosphorine ring

Depending upon the substituent at phosphorus, com-
pounds in the 35,5-dimethyl-1,3,2-dioxaphosph(v)-
orinan series may display very weak ions at [M—
28(C,H,) " resulting from either ring fragmentation
or fission of substituents on phosphorus. Another ion
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at [M—-30(CH,O)]", is almost certainly associated
with fission of the phosphorus-containing ring. More
characteristic of the latter process are the generally
intense ions at [M—S53(C,H,)T" (e), [M—67(CsH)T"
(f) and [M—85(C,H;+CH,0)]" (g), as well as the
hydrocarbon ions at m/z 41 ([CsHs]Y), 56 ({C.HgI™),
67([CsH,T"), 68([CsHg]™ and more particularly that
at m/z 69.

The m/z 178 ion (h) is of such importance that it
often forms the base peak for the 2-amino-
dioxaphosph(v)orinans, and this, taken together with
the occurrence of m/z 166 (i) and m/z 110 (j) ions,
demonstrates the stability of the exocyclic P—N bond
in such compounds under electron impact conditions.

This latter evidence would seem to suggest that
fragmentation of the perhydro-oxazaphosphorine ring
should occur preferentially through fission of the
P—O—C bond system rather than through that of the
P—N—C bonds. Scheme 1 represents a possible direct
mode of formation of [M—54]" ions k via a rear-
ranged molecular ion. Corroboration is provided by
the presence of the appropriate metastables, and by
the displacement of the ion by 2u for the [4,4-°H,]
analogues of compounds 2e and 2f. it should be noted
that [M—54]" ions are not observed in the spectra of
the 2-amino-1,3,2-dioxaphosph(v)orinans.

The same evidence lends support also to the prop-
osed routes to the [M~55]" and [M—56]" ions, | and
n respectively. [M—55]" ions, which might be formu-
lated as m, are evidently formed directly from the
molecular ion (metastables), and whilst they are of
considerable importance for the sulphides of the ox-
azaphosphorine series, they form the base peak for
many of the oxides 2 (R'=H or Me). The sulphides 2

W T _r.

0\,//X H\
X)j/p\ = %(’/"g

HO_ X
s N
/\

2
9§3R1 R

H T+. HO 7“ OH
AV

Q /P\
N
*
Me % gl R2 %I‘-Izzgl \RZ ** Rt
2(X=0) ! m
*=[2H1]
/
//( "CJ’{a /
Ll\
Me % N R2

Scheme 1 *=[2H,]



CYCLIC ORGANOPHOSPHORUS COMPOUNDS—XVII

(X=S8; R'=H or Me) produce an intense [M—56]"
ion n; this ion is obtained from the oxides 2 (X=0,
R'=H) with only very weak intensities, and not at all
from the oxides 2 (X=0: R'=Me), but once again,
2-phenoxy compounds 2e and 2m, exhibit exceptional
behaviour. The intensities of the [M—54]", [M~55]"
and [M-56]" ions for the N-trideuteriomethyl
analogue of compound 2m are 37, 100 and 50%
(compared with 20, 100 and 22% for the tri-
protomethyl compound), and those for the analogue of
the sulphide 2p are 13, 84 and 88% (compared with
15, 100 and 89% for the triprotomethyl compound).
Once again the presence of a phenoxy substituent
produces unusual features; here, compound 2m
affords an [M—57]" ion (50%), also observed for the
N-trideuteriomethyl analogue in approximately the
same relative intensity.

The [M—85]" ion (0; X=0), actually observed for
very few compounds, is evidently the result of loss of
formaldehyde (or as appropriate, dideuterioformal-
dehyde) from ion [ {(or m).

x 1
]

R'NH—P=R?
[¢]

Metastables in the spectra of compounds 2j, 2k and
2n suggest that for the series 2 (R'=Me) in general,
the ion at m/z 98 (p, R'=Me) which is produced
particularly strongly for the 2-sulphides, arises via a
rearranged molecular ion as indicated in Scheme 2; an
appropriate  shift is observed when the
trideuteriomethyl analogues are employed. The cor-
responding m/z 84 ion, p (R' =H) is probably formed
in a similar fashion from the compounds 2 (R'=H).
The 2-phenoxy compounds 2e and 2f also exhibit
several very low intensity ions at around m/z 85 and
the relative intensities of these produced at 145°C, are
indicated in Table 3. For the oxide 2e, the ion at
m/z 84 disappears on dideuteriation; at the same time,
the very weak, but essentially equally intense, ions at
m/z 85 and 86 appear, the former of which is found
only in traces for 2e itself. The formation of
monodeuteriated ion p from dideuteriated 2e is appar-
ent; the subsequent formation of an ion of m/z 86
could be the result of the tautomeric transformations

Table 3. Interrelationships of the m/z 84—
87 ions for compounds 2e and
2f, and their [*H,] derivatives

% Relative abundance

m/z [4.4-'H,] [4,4-2H,]
Compound 2e 84 24 —_
85 0.1 1.1
86 —_— 1.6
87 —_ —_—
Compound 2f 84 100 3.1
85 9.0 29.3*
86 15 40.3°
87 11 5.3

®Found m/z85.085689; C,H DN requires
85.087598, C,H,0 requires 85.065336.
®Found m/z 86.091669; C,HD,N requires
86.093875, C¢HZDO requires 86.071613.

+-
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*H Me
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indicated in Scheme 2. The alternative transformations
indicated in Scheme 3 would yield only the ion q at
m/z 85, or its dideuterio derivative at m/z 87 exhi-
bited to only a very small extent by 2f itself. Hence the
major component of the m/z 86 ion from [*H,]-2f
must be [*H,}-p (R'=H) rather than [*H,]-q. This
argument is substantiated by accurate mass measure-
ments on ions from compound 2f (see Table 3). Thus,
whilst the importance of the ion g for the oxide 2e is
slight, it is increased relative to that of the ion p, for
the sulphide 2f.

The ion at m/z 106 corresponds to [M—R?*-56]*
and probably has the structure r, or alternatively s.
This ion is of particular importance for the 3,5,5-
trimethyl series, for which metastables suggest that it
is formed by loss of R? from the [M—356]" ion rather
than by further degradation of the [M—R?]" ion.

For each of the two 2-chloro compounds 21 and 2o,
two degradative pathways are of comparable signifi-
cance. For the oxide 21, initial loss of 55u is accom-
panied by initial loss of Cl" followed by loss of 56 u to
give the m/z 106 ion r. In the case of the sulphide 20,
pronounced initial loss of thiol radical is concurrent
with initial loss of Cl" and subsequent further degrada-
tion in the manner depicted in Scheme 4.

The two groups of compounds 2a-2f and 2g-2q are
clearly distinguishable by the presence or absence of
the intense m/z 44 ion produced by the latter group;
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this ion probably has structure ¢, and may be formed
by fission of the ion p (R'=Me).

A mode of formation of the m/z 56 ion ([C,Hg]™),
of widely varied intensity, by release of formaldehyde,
is indicated in Scheme 5.

[M—-67]" and [M—68]" ions, as well as the hyd-
rocarbon ions at m/z 67 and 68, are even rarer and
weaker in relative intensities than are the correspond-
ing ions observed for the 1,3,2-dioxaphosphorinan

series.
_T.

Me >CO\P /X
N/ \RZ

Me R!

AN
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—3 )\ +CH,0+R!N=P
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RZ

Scheme 5

EXPERIMENTAL

Light petroleum refers to the fraction b.p. 60-80°C.
Melting points and boiling points are uncorrected.
Thin-layer chromatography and column chromatog-
raphy used Merck Kieselgel. Infrared spectra were
determined using a Perkin-Elmer Model 237 spec-
trometer, and '"H NMR spectra with a JEOL JNM-
MH-100 spectrometer.

3-Amino-2,2-dimethylpropanol

(a) Equimolar proportions of 3-hydroxy-2,2-di-
methylpropanal, hydroxylamine hydrochloride and
pyridine were heated in boiling 2-propanol for 8 h and
the solvent then removed by evaporation in vacuo.
Dissolution of the residue in water and extraction with
ether afforded 2-cyano-2-methylpropanol, b.p. 62-
63°C/0.5 mm, vc,2240 cm™Y(s). The nitrile was re-
duced with lithium aluminium hydride in ether to give
3-amino-2,2-dimethylpropanol (30%), b.p. 135-
140°C/110 mm, m.p. 80°C, (lit.° 105/35 mm, m.p.
98-100°C; 1it.'® m.p. 78-80°C). (Found: C, 58.3; H,
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12.6. Calc. for CsH;3NO: C, 58.05; H, 12.6%). N-
Benzoyl; m.p. 108-109°C, from benzene-light pet-
roleum (Found: C, 69.6; H, 8.5. C;,H;;NO, requires
C, 69.6; H, 8.2%).

(b) 3-Hydroxy-2,2-dimethylpropanal was converted
(0.1 M scale) into its O-methyl oxime'! in aq. ethanol-
sodium acetate at room temperature. The dried, but
otherwise unpurified, O-methyloxime in dry ether
(100 cm®) was reduced with lithium aluminium hydride
(4.6 g) in diethyl ether (150 cm®) and worked up in the
usual way to give the aminoalcohol, b.p. 60-
65°C/1 mm, 50-60%.

Exposure of freshly distilled 3-amino-2,2-dimethyl-
propanol to air resulted in the rapid formation of the
carbamate salt,

HOCH2CMe2CH2NHCOO“H;I:ICH2CMe2CH20H,

m.p. 113-115°C. (Found: C, 52.9; H, 10.2; N,
11.25. C,H,¢N,O, requires C, 52.8; 10.4; N, 11.2%).

2,2-Dimethyl-3-methylaminopropanol

This, b.p. 80-85 °C/0.5 mm, m.p. 52-53 °C (from pet-
roleum ether) (lit.'* b.p. 68-90°C/9-11 mm) was pre-
pared by the reduction of 2,2-dimethyl-3-
methylaminopropanal, b.p. 60-63°C/25 mm, (lit.??
48-50.5°C/12-13 mm) in 2-propanol with sodium
borohydride.

Perhydro-1,3,2-oxazaphosph(v)orines

Generally, a solution (for reaction media see Table 4)
of the appropriate phosphorus(v) dichloride was added
to a stirred solution of the aminopropanol and redistil-
led triethylamine (2 equivalents). The mixture was
allowed to stand 15-20 h at ambient temperature or
heated under reflux. Triethylammonium hydrochloride
was removed by filtration, either directly, or following
addition of diethyl ether (2-3 volumes) to the reaction
product solution. For compounds 2a-2d and 2g-2k,
the filtrate was then evaporated to an oil which was
chromatographed using chloroform  containing
methanol, 3-7%).

The N-cyclohexylamides 2m and 2q were obtained
by treatment of the appropriate cyclic phosphoryl
chloride with cyclohexylamine (1equiv.) and
triethylamine (1 equiv.). These and other compounds
listed in Table 4 were purified by crystallization from
the solvents indicated. Table 5 summarizes important
infrared assignments.

Deuteriated compounds

[3,3-*H,]-3-Amino-2-dimethylpropanol was prepared
by the reduction of 2-cyano-2-methylpropanol with
[*H,Jlithium aluminium hydride in diethyl ether.

[4,4-*H,]-5,5-Dimethyl-2-phenoxy-perhydro-1,3,2-
oxazaphosphorine 2-oxide, m.p. 130-131°C, and 2-
sulphide, m.p. 90.5-91.5°C, were obtained from [3,3-
*H,]-3-amino-2,2-dimethylpropanol and the approp-
riate phosphorus(v) dichloride in the usual way.

The 2-phenoxy-5,5-dimethyl-3-[*H;]methylper-
hydro-1,3,2-oxazaphosphorine 2-oxide, m.p. 75°C
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Table 4. Preparative and analytical data for 2-substituted perhydro-5,5-dimethyl-1,3,2-0xazaphosph-

(v)orines 2
Recryst-
Compound Reaction Yield m.p. allized
2 medium® (%) C) solvent®
a® A 69 141-2 c
b A 38 126-7 c
c® A 54 117-8 AC
d° A 55 132-3 B
e B 60 130-130.5 B-D
f B 77 90.5-91 Cc
g° A 100 96-7 Cc
he A 8 *® —
i° A 96 77-8° —
i° A 92 80-1¢ —
k°® A 99 117.5-118 Cc
i B 71 69.5-70 Cc
m B 60 77.5-80° Cc
n B 69 128.5-130 D
o B 72 69 C-D
p B 78 47-9° D
q B 46 94-45 D

Composition (%)

Cale. Found

Formuta c H P(N) [od H PN}
C,yHxpNO,P 57156 955 134 569 9.6 129
C,HgNOP 603 75 130 604 73 128
CgH,NO,P 525 975 151 5285 100 14.15
C,H,oNO,P 687 7.1 138 5875 7.15 1295
C,\HgNOsP 548 67 (58) 5495 68 (5.86)
C,,HgNO,PS 5135 63 (545) 518 6.45 (5.55)
CHNO,P 475 905 175 476 9.0 17.25
CoH2,NOLP 548 10.06 14.15 5475 1045 14.15
C,HeNO,P 603 745 130 60.05 7.45 12.25
CioHNO,P 588 98 1265 5875 965 122
CisHxoNO,P 617 79 1225 613 795 120
CeHisCINO,P 3645 66 1565 3676 68 1555
C,HgNO,P 5645 7.1 (55) 565 7.05 (5.6
CiHN,O,P 556 93 (108 565 100 (10.8)
CeHsCINOPS 337 6.1 (655) 3405 64  (6.6)
CisH,eNOPS 531 69 (5.15) 535 68  (6.25)
C,sHxgN,OPS 521 91  (10.1) 524 925 (9.9)

* A=benzene; B =ethyl acetate; C=cyclohexane; D= light petroleum.

5 0il, n2® 1.4711.

° By solidification of oil, nZ® 1.5273.

9 By solidification of oil, nZf 1.4922.

¢ Compounds prepared by Dr T. Moran.
fLit.** m.p. 68°C.

9 Lit."®* m.p. 42°C.

Table 5. Infrared data for new compounds®

Compound vNH yP=O »POC
2a 3520,3420 1232 1001
b 3420 1240 1082, 1035, 1002
c 3380,3419 1237 1085, 1049, 1001
d 3204 1235 1089
e 3430 1268 1080, 1035, 1025, 1005
f 3435 —_— 1075sh, 1068, 1024
g® -— 1245 1052, 1008
h — 1238 1050, 1003
it —_ 1285 1050
i° — 1242 1052, 1001
k —_ 1258 1052, 1008
i —_ 1294 1048, 1030, 1010, 1000
m — 1295, 1284 1052, 1028, 1000
n 3420 br 1050, 1025, 1008
o -—_ -— 1038, 1028, 1008sh
4] —_ _— 1070, 1044, 1028, 1005sh

2 Detgrmined for solutions in chioroform unless otherwise
stated.
® Determined for KBr discs.

and 2-sulphide, m.p. 51-51.5°C, were obtained by
alkylation of the anion formed from the appropriate
N-proto compound and NaH with [?H;Jiodomethane
under benzene, and chromatography of the reaction
mixture.

Mass spectra

These were obtained using an AEI MS 9 instrument
operating at 70 eV with the ion source temperature
230-250°C unless otherwise stated. Samples of com-
pounds were chromatographically homogeneous and
of analytical purity. Satisfactory *H NMR spectra were
obtained for all compounds.
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