
J. Org. Chem. 1986, 51, 4043-4047 

New Imidoyl Isothiocyanates. Chemical Behavior in Polar Solvents. 
Reaction with Sulfenyl Thiocyanates: Preparation of 

1,2-Di hydro-2-t hioxo- 1,3,5-triazines and 
1,3,4,6,6a-Triazadithia( 6aS1V)pentalenes 

4043 

Georges Morel, Evelyne Marchand, Catherine Haquin, and Andre Foucaud* 

Groupe de Chimie Structurale associd au CNRS, Universitd de Rennes, Campus de Beaulieu, 
35042 Rennes. France 

Received January 30, 1986 

The alkylthio (or arylthio) imidoyl isothiocyanates 1 can be isolated when isocyanides are treated with sulfenyl 
thiocyanates or via the reaction of imino chloro sulfides 3 with ammonium thiocyanate in CC14 In a polar solvent, 
the dissociation of le-h affords the thiocyanate anion and a nitrilium cation which react with 1 to give the 
dihydrotriazines 7e-h. The reaction of 1 with sulfenyl thiocyanates in CC14 gives the 1,3,4,6,6a-triazadithia- 
(6aS")pentalenes 11 or a mixture of 11 and of 1,2-dihydro-4-(methyldithio)-2-thioxo-l,3,5-triazinea 10. 

The Diels-Alder reaction of aza dienes is a powerful 
process for the preparation of six-membered heterocyclic 
compounds.' Imidoyl isothiocyanates have been used as 
1,3-diazadiene systems for [2 + 41 cycloadditions with 
various dienophiles:  enamine^,^,^ amidines and imidates; 
ketene acetal and ~arbodiimide,~ ketene: and phenyl iso- 
~ y a n a t e . ~ , ~  The dimerization of a number of imidoyl 
isothiocyanates, in a polar medium, has been described as 
a formal hetero Diels-Alder r e a c t i ~ n . ~ , ~ ~  Some N-aryl- 
and N-benzoylimidoyl isothiocyanates have been respec- 
tively converted into t h i o x o q ~ i n a z o l i n e ~ ~ ~ ~ ~ ~  and thioxo- 
oxadiazinell by an intramolecular [2 + 41 cycloaddition. 
The preparation of dithioxotriazines by the reaction of 
imidoyl isothiocyanates with HNCS has also been inves- 
tigated.3s6,7 However, similar reactions with sulfenyl 
thiocyanates, which can release NCS- and MeS+ have yet 
to be investigated. These reactions can lead to new thi- 
oxotriazines. In this paper we describe the syntheses of 
several (alkylthio)- and (ary1thio)formimidoyl isothio- 
cyanates 1 which have been isolated, the investigation of 
their stability in solution, and their reaction with sulfenyl 
thiocyanates. 

Results and Discussion 
The 

sulfenyl thiocyanate~l~-'~ 2a-d are obtained by reaction 
of R2SC1 with NH4SCN in CC14 The IR spectra of 2 (neat, 
v 2145 cm-l) are consistent with the thiocyanate structure 
2.16 The thiocyanate group of 2 can be easily displaced 

Preparation of Imidoyl Isothiocyanates 1. 
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by nucle~philes,'~J~-'~ for example, by isocyanides.2° Thus, 
the formimidoyl isothiocyanates 1 can be prepared by the 
reaction of RlNC with the sulfenyl thiocyanates 2a-d. But 
1 reacts with 2 (see the next section); therefore, it is in- 
dispensible to slowly add a stoichiometric amount of 2 to 
a solution of isocyanide in CCl, a t  0 "C. For this reason, 
we have prefered the reaction of ammonium thiocyanate 
with the imino chloro sulfides 3 in CC4. 

The IR spectra of 1 exhibit a broad intense band at 1960 
cm-' (neat or CC4 s o l u t i ~ n ) . ~ ~ ~ ~ ~  The thiocyanate isomers 
are never observed. The formimidoyl isothiocyanates 1 
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R 2 S  2a-ti  -sCN R2sYc‘ 2sKN=c=s p ” N  

la-j  38- j 
d.J”N 

R’ R2 
a f - B u  Me 
b t -Bu  Ph 
C f - B u  2-NOzCeH4 
d t - B u  4-M& H4 
e 2,6-Me2C~H3 Me 
f 2,6-Me2C& Ph 
g / - P r  Me 
h 1-Pr 1-Pr 

j PhzCH Me 
I PhCH2 M8 

have been generally used in situ, in CCll solution. In these 
conditions, la-j are stable for several days (except lf). 
This is not the case when the solvent is polar, e.g., acetone 
or a~etonitrile.~ 

Chemical Behavior of 1 in Polar Solvents. It has 
been suggested that imidoyl isothiocyanates are dimerized 
by a [2 + 41 cycloaddition r e a ~ t i o n . ~ @ ~  For example, 
GoerdeleP has reported the formation of the dithioxo- 
triazine 4 when 1 h is prepared in acetonitrile or acetone. 

/-Pr -S 
\ 

i -P r -<~+  N 

s b N ,  
1-Pr-S I - P r  

4 

We have reproduced this reaction: when lh is dissolved 
in CH&N at  room temperature for a few hours, it is 
completely transformed into a product which is identical 
with the compound described by G~erde ler ,~  but the 
structure cannot be 4. The I3C NMR data are in agree- 
ment with structure 7h (Scheme I). The signal C-2 of the 
dithioxotriazine 4 should be a singlet, but the spectrum 
of the isolated product has no singlet (Table I). In the 
same way, when le and lg are dissolved in acetonitrile, 
compounds 7e or 7g are obtained in almost quantitative 
yield. Under the same conditions, or slowly in CCll solu- 
tion, If gives 7f and the dithietane 8 by a reversible pro- 
cess. When 8 is dissolved in CDCl,, the formation of 7f 
is observed by NMR. Similar dimerization reaction into 
dithietanes has been reported for sulfonyl isothio- 
cyanates.21 The necessity of a polar solvent to obtain 7 
suggests a mechanism involving the ionic dissociation of 
1 into an ion pair (A) (Scheme I). A similar ionization 
pathway dominates the chemistry of imidoyl halides owing 
to the stabilization of the nitrilium ion formed by the 
adjacent lone pair.22 The addition of A to 1 gives the 
intermediate 5. In the last step, cyclization of 5 gives the 
thioxotriazine 6, which rearranges rapidly into 7 by a [1,3] 
shift on the triazine ring. 

Reaction of 1 with Sulfenyl Thiocyanates 2 in CCl@ 
The reaction of R3SSCN with 1 in CC14, a t  room tem- 
perature, for a few minutes, affords the 1,3,4,6,6a-triaza- 
dithia(6a@“~entalene~~ when R’ = t-Bu. In the other 
cases, this reaction gives a mixture of 11 and 1,2-di- 
hydro-2-thioxo-1,3,5-triazines 10 (Table 11). When R2 = 
R3, the experimental procedure is a simple reaction of 
R’NC with a twofold amount of sulfenyl thiocyanate 2. 

Figure 1. X-ray crystallographic s t ructure  of 1 le. 

Table I. Selected 13C NMR Shifts for 7 
chem shift, ppm (mult) 

cmDd c - 2  C-6 c - 4  c -7  
7e 182.2 (s) 174.6 (9) 155.8 (a) 204.9 (q, 35 = 6 Hz) 
7f 182.0 ( 8 )  175.4 ( 8 )  156.4 (s) 204.1 (s) 
7g 185.4 (d) 171.1 (qd) 153.6 (d) 211.3 (qd, 35 = 6 Hz) 
7h 185.6 (d) 170.7 (dd) 153.5 (d) 210.0 (t,  35 = 5 Hz) 

Table 11. Reaction of Imidoyl Isothiocyanates 1 with 
Sulfenyl Thiocyanates RSSSCN 

starting 
material selected I3C NMR 

1 R3 product yield,” 7‘0 datab 
la Me l la 79 164.9 (C-2), 177.8 

(C-3a), 203.8 (C-5) 
lb P h  l lb 60 
IC Me 1 I C  64 
Id 4-MeC6H4 lld 54 164.5 (C-2), 178.9 

Id Me 1 Id’ 85 164.8 (C-2), 178.1 

le Me 1 le 35 167.4 (C-2), 181.5 

1 Oe 52 181.3 (C-2), 175.0 

lg Me 1lg 29 165.4 (C-2), 179.2 

1 og 44 183.8 (C-2), 172.1 

li Me l l i  46 166.9 (C-2), 179.7 

1Oi 46 183.9 (C-2), 173.8 

lj Me l l j  32 167.2 (C-2), 179.7 

(C-3a), 203.7 (C-5) 

(C-3a), 203.1 (C-5) 

(C-3a), 204.0 (‘2-5) 

(C-4), 173.5 (C-6) 

(C-3a), 205.1 (‘2-5) 

(C-4), 172.1 (C-6) 

(C-3a), 204.8 (C-5) 

(C-4), 172.8 (C-6) 

(C-3a), 204.2 (C-5) 
lOj 32 

Isolated product yield. Chemical shift in ppm. 

Structural assignments are based on spectral data and are 
confirmed by a single-crystal X-ray analysis of 1Oe and 1 le 
(Figures 1 and 2). For structure l le,  the heterocyclic 
system is almost planar (dihedral angle between the rings: 
179.5’). The short S-S (2.405 A) together with the long 
N-S (1.871 A) and C=S (1.684 A) bonds indicates a fairly 
strong S . 4  bonding interaction, analogous to that in sim- 
ilar  system^.^^^^^ 
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solvent. The dimerization products (dithioxotriazines 4) 
are not observed. A new and easy synthetic route to 
compounds 11, which are new examples of compounds with 
a thiapentalene s t r u c t ~ r e , * ~ ~ ~ '  is described. 

Figure 2. X-ray crystallographic structure of 1Oe. 

Scheme I1 
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The formation of 10 and 11 can be interpreted as follows. 
In the first step of the reaction, the addition of R3SSCN 
on 1 leads to an intermediate 9. We postulate that the 
rearrangement of 9 can occur in two ways (Scheme 11). 
The process a is the displacement of the sulfenyl anion 
R3S-. Imidoyl isothiocyanates are known to undergo a 
similar cyclization in two steps: addition of a primary 
amine, then oxidation of the formed imidoylthiourea to 
give 5-imin0-1,2,4-thiadiazoline.~~ The process b is the 
intramolecular nucleophilic attack of the nitrogen atom 
on the heterocumulenic group. This process b is not ob- 
served when R1 is the tert-butyl group, probably for steric 
reason. 

In summary, a series of (alkylthio)- and (ary1thio)form- 
imidoyl isothiocyanates 1 are prepared and isolated for the 
first time. In contrast to the previously reported results, 
these compounds lead to the thioxotriazines 7 in a polar 

Experimental Section 
Melting points are uncorrected. Mass spectra were obtained 

on a Varian MAT 311 spectrometer. IR spectra were recorded 
as suspensions in Nujol, unless otherwise indicated, with a Per- 
kin-Elmer 225 spectrometer. NMR spectra (internal standard 
Me4Si) were taken in CDCl,, unless stated otherwise, on Bruker 
WP 80 and FT WP 80 spectrometers. Elemental analyses were 
performed by the analytical laboratory Centre National de la 
Recherche Scientifique. 

Preparation of Sulfenyl Thiocyanates 2. General Pro- 
cedure, Ammonium thiocyanate (1.9 g, 25 mmol) was added to 
a solution of sulfenyl chloride (20 mmol) in CCl,. The mixture 
was stirred under nitrogen for 3 h a t  room temperature. The 
ammonium chloride was filtered. The crude sulfenyl thiocyanates 
were used without further purification after removing of the 
solvent or directly in this CCl, medium. 

Methanesulfenyl thiocyanate (2a):14 'H NMR (CC14) 6 2.80 
(9); 13C NMR 6 22.9, 109.7; IR (neat) u 2147 crn-'. 

Benzenesulfenyl thiocyanate (2b)?P IR (CCl,) v 2143 cm-'. 
2-Nitrobenzenesulfenyl thiocyanate (2~):"9'~ mp 92 "C; 

IR (CCl,) u 2146 cm-'. 
4-Methylbenzenesulfenyl thiocyanate (Zd):'9328 'H NMR 

6 2.41 (8, 3 H), 7.16-7.62 (m, 4 H); IR (neat) v 2141 cm-'. 
Preparation of Imidoyl Isothiocyanates 1. Method A. To 

a solution of isocyanide (12 mmol) in CC14 (10 mL) was added 
dropwise with stirring over several minutes at 0 OC a solution of 
sulfenyl thiocyanate (10 mmol) in CC14 (10 mL). 

Method B. To a solution of imino chloro sulfide 329330 (20 
mmol) in CCl, (30 mL) was added ammonium thiocyanate (2 g, 
26 mmol). The mixture was stirred for 3 h (6 h for 3e, 3f, and 
3j) at ambient temperature. The ammonium chloride was filtered. 
The imidoyl isothiocyanates were employed in the CCI, solution 
or isolated as crude product when the solvent was removed in 
vacuo. 
N-tert-Butyl(methy1thio)formimidoyl isothiocyanate (la): 

oil; IR (CCl,) u 1957 cm-'; 'H NMR (CC14) 6 1.36 (9, 9 H), 2.37 
(9, 3 H); 13C NMR 6 15.5, 29.8, 57.4, 135.5, 144.0. 

N-tert -Butyl( pheny1thio)formimidoyl isothiocyanate (lb): 
oil; IR (CCI,) u 1981 cm-'; 'H NMR (CC14) 6 1.33 (9, 9 H), 7.4 (m, 
5 H). 
N- tert -Butyl[ (2-nitrophenyl)thio]formimidoyl isothio- 

cyanate (IC): oil; IR (CCl,) u 1955 cm-'; 'H NMR (CC14) 6 1.28 
(9, 9 H), 7.5 (m, 4 H). 

N-ter t  -Butyl[ (4-methylphenyl)thio]formimidoyl iso- 
thiocyanate (ld): oil; IR (CCl,) v 1992 cm-'; 'H NMR (CCJ 
6 1.32 (9, 9 H), 2.45 ( 8 ,  3 H), 7.08-7.44 (m, 4 H). 
N- (2,B-Dimet hylphenyl) (met hylt hio) formimidoyl iso- 

thiocyanate (le): oil; JR (neat) u 1960,1610,1575 cm-'; 'H NMR 
(CC,) 6 2.10 (9, 6 H), 2.60 (s, 3 H), 6.9 (s, 3 H). 
N-(2,6-Dimethylpheny1)(phenylthio)formimidoyl iso- 

thiocyanate (If): oil; IR (CCl,) v 1945 cm-'; 'H NMR (CCl,) 
6 2.13 (s, 6 H), 6.89 (s, 3 H), 7.3-7.6 (m, 5 H). 
N-Isopropyl(methy1thio)formimidoyl isothiocyanate (lg): 

oil; IR (CC,) u 1955 cm-'; 'H NMR (CCl,) 6 1.17 (d, 6 H), 2.40 
(9, 3 H), 3.95 (m, 1 H). 
N-Isopropyl(isopropy1thio) formimidoyl isothio~yanate~ 

(lh): oil; IR (CCl,) v 1960 cm-'; 'H NMR (CC14) 6 1.20 (d, 6 H), 
1.41 (d, 6 H), 3.70 (m, 1 H), 3.97 (m, 1 H). 
N-Benzyl(methy1thio)formimidoyl isothiocyanate (li): oil; 

'H NMR (CCl,) 6 2.46 (9, 3 H), 4.65 (s, 1 H), 7.22 (s, 5 H). 

(27) L'abbe, G. Tetrahedron 1982, 38,3537. Oliver, J. E.; Flipper, J. 
L. J. Org. Chern. 1974,39, 2233. 

(28) Bodrikov, I. V.; Kovaleva, L. I.; Chumakov, L. V.; Zefirov, N. S. 
Zh. Org. Khim. 1978, 14, 2457. Bodrikov, I. V.; Chumakov, L. V.; 
Pryadilova, A. N.; Zefirov, N. S.; Smit, V. A. Dokl. Akad. Nauk. SSSR 

(26) Abraham, W.; Barnikow, G. Tetrahedron 1973, 29, 699. Goer- 
deler, J.; Loebach, W. Chem. Ber. 1979, 112, 517. 

1980,215, 1402. 
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hedron 1984,40, 1075. 
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N-(Diphenylmethyl)(methylthio)formimidoyl ieothio- 
cyanate (lj): oil; 'H NMR (CCl,) 6 2.52 (s, 3 H), 5.92 (s, 1 H), 
7.2 (m, 10 H). 
Conversion of le,g,h into 7e,g,h. A solution of imidoyl- 

thiocyanate (10 mmol) in acetonitrile (25 mL) was left for 20 h 
at  room temperature. After concentration the crude product 7 
was crystallized from methanol or ether. 
7e (63%): yellow crystals; mp 140 "C and then 176 "C (MeOH); 

'H NMR 6 1.91 (s, 3 H), 2.21 (s, 6 H), 2.68 (s, 3 H), 7.20 (m, 6 
H). Anal. Calcd for CzzHz4N4S4: C, 55.93; H, 5.08; N, 11.86; S, 
27.11. Found: C, 55.85; H, 5.10; N, 11.77; S, 27.64. 
7g (51%): orange crystals, mp 144 "C (MeOH); 'H NMR 6 1.44 

(d, 6 H), 1.70 (d, 6 H), 2.46 (s, 3 H), 2.71 (s, 3 H), 5.25 (m, 1 H), 
6.12 (m, 1 H); MS, m / e  (relative intensity) 348 (M', 68), 333 (loo), 
301 (32), 291 (47), 259 (32), 257 (53), 249 (26), 217 (68), 215 (89), 
190 (32). Anal. Calcd for Cl2Hd4S4:  C, 41.37; H, 5.74; N, 16.09; 
S, 36.78. Found: C, 41.46; H, 5.87; N, 15.91; S, 36.78. 
7h: orange crystals; mp 100 "C (ether); 'H NMR 6 1.44 (d, 6 

H), 1.46 (d, 6 H), 1.51 (d, 6 H), 1.73 (d, 6 H), 3.89 (m, 2 H), 5.17 
(m, 1 H), 6.10 (m, 1 H); MS, m / e  (relative intensity) 404 (M+, 
lo), 361 (loo), 319 (69), 277 (36), 261 (lo), 243 (141, 235 (17), 218 
(21). 
Conversion of If into 7f. A solution of imidoyl isothiocyanate 

If (10 mmol) in acetonitrile (25 mL) was maintained at  20 "C for 
20 h. The dimer 8 was filtered. Removal of the solvent under 
reduced pressure and addition of ether yielded the crystalline 
product 7f. The formation of 8 is a reversible process: a t  room 
temperature, a solution of 8 in CDC1, slowly gave the triazine 7f. 

8 (1.35 g, 45%): orange crystals; mp 182 "C (CHC13/ether); 
'H NMR (at 60 "C) 6 1.99 (s, 6 H),  2.15 ( 8 ,  6 H), 7.0-7.4 (m, 16 
H). Anal. Calcd for C,HBN4S4: C, 64.43; H, 4.70; N, 9.40. Found 
C, 64.20; H, 4.73; N, 9.18. 
7f (0.75 g, 25%): yellow crystals; mp 210 "C (CHCl,/ether); 

'H NMR 6 2.02 (s, 6 H), 2.35 (s, 6 H), 6.70-7.40 (m, 16 H). Anal. 
Calcd for C32H,N4S4: C, 64.43; H, 4.70; N, 9.40. Found C, 64.17; 
H, 4.70; N, 9.35. 
Reaction of Imidoyl Isothiocyanates 1 with Sulfenyl 

Thiocyanates. To a solution of imidoyl isothiocyanate 1 (10 
mmol) in CCl, (30 mL) was added sulfenyl thiocyanate (10 mmol) 
in CCl, (10 mL). The mixture was maintained at  20 "C for 15 
min. Concentration of the solvent gave 11 or a mixture of 11 and 
10 as yellow crystalline compounds, which were separated by 
crystallization from ether or methanol. 

1- tert -Butyl-t,B-bis( met hylt hio)- 1,3,4,6,6a-triazadithia- 
(6aS")pentalene (lla): mp 108 "C; 'H NMR 6 1.81 (s, 9 H), 
2.74 (s, 3 H), 2.85 (9, 3 H); MS, m / e  (relative intensity) 293 (M+, 
ll), 246 (46), 190 (100). Anal. Calcd for CgH16N3S4: C, 36.86; 
H, 5.11; N, 14.30; S, 43.68. Found: C, 36.84; H, 5.07; N, 14.27; 
S, 43.20. 

1- tert -Butyl-2,5-bis(phenylthio)-1,3,4,6,6a-triazadithia- 
(6aS")pentalene (llb): mp 195 "C (CHCl,/MeOH); 'H NMR 
6 1.81 (s, 9 H), 7.4-8.2 (m, 10 H). Anal. Calcd for C19H19N3S4: 
C, 54.67; H, 4.55; N, 10.07; S, 30.69. Found: C, 54.48; H, 4.50; 
N, 9.93; S, 30.37. 

1- tert -Butyl-5-(methylthio)-2-[ (2-nitropheny1)thiol- 
1,3,4,6,6a-triazadithia(6aSw)pentalene (llc): mp 156 "C 
(Me0H);'H NMR 6 1.85 (s, 9 H), 2.61 (s, 3 H), 7.4-8.2 (m,4  H). 
Anal. Calcd for C&1&40&&: C, 42.00; H, 4.00; N, 14.00; S, 32.00. 
Found: C, 41.69; H, 4.12; N, 13.90; S, 31.41. 
1-tert -Butyl-2,5-bis[ (4-methylphenyl)thio]-l,3,4,6,6a-tria- 

~adithia(6aS~)pentalene (lld): mp 162 "C (MeOH); 'H NMR 
6 1.79 (s, 9 H), 2.42 (s, 6 H), 7.15-7.55 (m, 8 H). Anal. Calcd for 
CZ1HBN3S4: C, 56.62; H, 5.17; N, 9.43; S, 28.76. Found: C, 56.60; 
H, 5.10; N, 9.23; S, 28.70. 

1- tert -Butyl-2-[ (4-methylphenyl)thio]-5-(methylthio)- 
1,3,4,6,6a-tria~adithia(6aS'~)pentalene (lld'): mp 207 "C 
(CHCl,/MeOH); 'H NMR 6 1.82 (s, 9 H), 2.40 (s, 3 H), 2.60 (s, 
3 H), 7.1-7.5 (m, 4 H). Anal. Calcd for C15H19N3S4: C, 48.78; 
H, 5.14; N, 11.38; S, 34.68. Found: C, 48.50; H, 5.05; N, 11.19; 
S, 34.22. 

l-(2,6-Dimethylphenyl)-2,5-bis(methylthio)-l,3,4,6,6a- 
triazadithia(6aSw)pntalene (lle): mp 190 "C (CHCl,/ 
MeOH); 'H NMR 6 2.14 (s,6 H), 2.72 (s,6 H), 7.2 (s, 3 H). Anal. 
Calcd for CI3H1JV3S4: C, 45.74; H, 4.39 N, 12.31; S, 37.53. Found: 
C, 45.46; H, 4.43; N, 12.13; S, 37.66. 

Morel e t  al. 

l-Isopropyl-2,5-bis(methylthio)- 1,3,4,6,6a-triazadithia- 
(6aS")pentalene (llg): mp 143 "C; 'H NMR 6 1.58 (d, 6 H), 
2.70 (s, 3 H), 2.81 (s, 3 H), 4.34 (m, 1 H). Anal. Calcd for 
CBH13N3S4: C, 34.40; H, 4.65; N, 15.05; S, 45.87. Found: C, 34.40; 
H, 4.82; N, 15.09; S, 45.32. 

l-Benzyl-2,5-bis(methylthio)-1,3,4,6,6a-triazadithia- 
(6aS")pentalene (lli): mp 126 "C (CHCl,/MeOH); 'H NMR 
6 2.69 (8 ,  3 H), 2.75 (s, 3 H), 4.91 (s,2 H), 7.3 (s, 5 H). Anal. Calcd 
for ClzH13N3S4: C, 44.03; H, 3.97; N, 12.84; S, 39.14. Found C, 
43.94; H, 4.04; N, 12.64; S, 39.14. 

l-(Diphenylmethyl)-2,5-bis(methylthio)- 1,3,4,6,6a-triaza- 
dithia(6aS")pentalene (llj): mp 206 "C (CHCl,/MeOH); 'H 
NMR 6 2.65 (s, 3 H), 2.75 (s, 3 H),  6.38 (s, 1 H), 7.3 (m, 10 H). 
Anal. Calcd for C18H17N3S4: C, 53.59; H, 4.21; N, 10.42; S, 31.76. 
Found: C, 53.30; H, 4.33; N, 10.36; S, 31.61. 

l,2-Dihydro-l-(2,6-dimethylpheny1)-4-(methyldithio)-6- 
(methylthio)-2-thioxo-1,3,5-triazine (loe): mp 200 "C 
(CHC13/ether); 'H NMR 6 2.20 (s, 6 H), 2.55 (s, 3 H), 2.64 (s, 3 
H), 7.2 (m, 3 H). Anal. Calcd for C13H16N3S4: C, 45.74; H, 4.39; 
N, 12.31; S, 37.53. Found: C, 45.64; H, 4.47; N, 12.23; S, 37.21. 

1,2-Dihydro-l-isopropyl-4-(methyldithyldithio)-6-(methyl- 
thio)-2-thioxo-1,3,5-triazine (log): mp 100 "C (MeOH); 'H 
NMR 6 1.72 (d, 6 H), 2.57 (s, 3 H), 2.72 (s, 3 H), 5.93 (m, 1 H); 
MS, m / e  (relative intensity) 279 (M', 91), 264 (loo), 231 (59), 
232 (59), 207 (29), 191 (88), 190 (59), 176 (121, 173 (17), 165 (15), 
159 (26), 158 (23). Anal. Calcd for CBH13N3S4: C, 34.40; H, 4.65; 
N, 15.05; S, 45.87. Found: C, 34.63; H, 4.49; N, 14.86; S, 45.86. 

1 -Benzyl- 1,2-dihydro-4- (met hyldithio) -6- (met hylt hio) -2- 
thioxo-1,3,5-triazine (1Oi): mp 208 "C (CHCl,/MeOH); 'H NMR 
6 2.58 (s, 3 H), 2.62 (s, 3 H), 5.87 (s, 2 H), 7.32 (9, 5 H). Anal. 
Calcd for C12H13N3S4: C, 44.03; H, 3.97; N, 12.84; S, 39.14. Found: 
C, 44.22; H, 3.84; N, 12.58; S, 39.20. 

1,2-Dihydro-l-(diphenylmethyl)-4-(methyldithio)-6- 
(methylthio)-2-thioxo-1,3,5-triazine (lOj): mp 128 "C 
(CHC13/ether); 'H NMR 6 2.47 (s, 3 H), 2.57 (9, 3 H), 7.35 (s, 10 
H), 9.07 (s, 1 H). Anal. Calcd for C18H17N3S4: C, 53.59; H, 4.21; 
N, 10.42; S, 31.76. Found: C, 53.53; H, 4.16; N, 10.36; S, 31.78. 
X-ray Analysis of lle. Crystal data: orthorhombic, F'212121, 

a = 7.813 (5) A, b = 13.992 (5) A, c = 14.787 (6) A, V = 1616.4 
(8) A3, 2 = 4, D, = 1.41 mg m-,, fi  = 0.56 mm-'; 1543 reflections 
with I 2 cr ( l )  collected with a Enraf Nonius CAD-4 diffractometer, 
monochromatized Mo K a  radiation. The structure was solved 
by direct methods,,' and the hydrogen atoms were found between 
0.45 and 0.22 e A-3. The best full-matrix refinement gave Rw = 
0.041 and Sw = 1.21 for 227 parameters and 1543 observations. 
X-ray Analysis of 10e. Crystal data: orthorhombic, Pbco, a 

= 8.127 (4) A, b = 13.269 (5) A, c = 30.242 (6) A, V = 3261.5 (7) 
A3, 2 = 8, D, = 1.39 mg m-3, f i  = 0.55 mm-I; 1029 reflections with 
I t cr ( l ) .  The structure was solved by direct  method^.^' The 
hydrogen atoms were located by difference Fourier synthese 
(between 0.35 and 0.21 e A-3). The best full-matrix least-squares 
refinement gave Rw = 0.048 and Sw = 1.13 for 227 parameters 
and 1029 observations. 

All calculations were performed on a PDP 11/60 digital com- 
puter with the SDP package.32 Final coordinates and bond 
geometry tables are found in the supplementary material. 
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Reexamination of the synthesis of (3~,5a,14a)-3-hydroxy-14-methylcholest-7-en-l5-one has led to an improved, 
large-scale preparation of this ketone. Noteworthy is the controlled outcome of a solvent effect observed during 
the pinacol-type rearrangement of vinyl epoxide 18 and the use of the ethoxyethyl ether protecting group at the 
C3 alcohol during alkylation. Preparative-scale routes to ergostenone derivatives 3 and 4 and pregnenone analogue 
5 are described. 

Certain 15-oxygenated sterol derivatives have been 
shown to be potent inhibitors of sterol biosynthesis.la4 As 
a result of our current interest in this area we required 
multigram quantities of ketones 1, 3, 4, and 5 (Schemes 
I and 111) as synthetic intermediates. Nearly 30 years ago 
Woodward and co-workers described ketone 2 enroute to 
the first total synthesis of lanostenol via the chemical 
modification of cholesterol.2apb The key step in this 
preparation of 2 was the vinylogous pinacol rearrangement 
of triol 6 to the corresponding 8(14)-en-15-0ne,% which was 
subsequently methylated at  C14. 

2 

6 

(1) (a) Taylor, F. R.; Saucier, S. E.; Shown, E. P.; Parish, E. J.; Kan- 
dutach, A. A. J. Biol. Chem. 1984,259,12382. (b) Schroepfer, G. J., Jr.; 
S h e a  B. C.; Wang, K. S.; Wilson, W. K.; Kieic, A,; Clarkson, T. B. Roc. 
Natl. Acad. Sci. U.S.A. 1984,81,6861. (c) Schroepfer, G. J., Jr.; Parish, 
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Schroepfer, G. J., Jr. J. Biol. Chem. 1982,257, 2412. (e) Pinkerton, F. 
D.; Izumi, A.; Anderson, C. M.; Miller, L. R.; Kisic, A.; Schroepfer, G. J., 
Jr. J. Bid. Chem. 1982,257, 1929. (0 Schroepfer, G. J., Jr.; Parish, E. 
J.; Kisic, A.; Frome, D. M.; Kandutach, A. A. Chem. Phys. Lipids 1981, 
29,201 and references therein. (9) Schroepfer, G. J., Jr.; Parish, E. J. J. 
Org. Chem. 1980,45,4034. (h) Schroepfer, G. J., Jr.; Parish, E. J.; Pascal, 
R. A.; Kandutach, A. A. J. Lipid Res. 1980,21, 571. 

(2) (a) Woodward, R. B.; Patchett, A. A.; Barton, D. H. R.; Ives, D. A. 
J.; Kelly, R. B. J. Am. Chem. SOC. 1964,76,2852. (b) Woodward, R. B.; 
Patchett, A. A.; Barton, D. H. R.; Ives, D. A. J.; Kelly, R. B. J. Chem. SOC. 
1957, 1131. (c) For the classical approach to the introduction of the 
15-keto function, also see: Barton, D. A. R.; Laws, G. F. J. Chem. SOC. 
1964, 52. 
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Analogous synthetic strategies have since been employed 
by others for the construction of 1 with some ~uccess .~*~  
Our reinvestigation of these reactions for preparative 
purposes has led to an improved synthesis of ketone 1, 
readily adaptable to large scale. We also report the first 
synthesis of (3~,5a,14a)-3-hydroxy-14-methylergost-7-en- 
15-one (3), its corresponding 4,4-dimethyl analogue 4, and 
on an efficient preparation of the pregnenone analogue 5. 

Results and Discussion 

4,4-DimethylergosterollO was conveniently prepared in 
55% overall yield via an oxidation, methylation, and re- 
duction sequence on a 500-g scale using modified literature 
procedures5r6 employing ergosterol' 7 as starting material 
(Scheme I). Subsequent benzoylation using 2 equiv of 
benzoyl chloride in pyridine furnished the crystalline 
benzoate 14 in 97% yield (Scheme I). Similar benzoyla- 
tions of 7-dehydrocholesterol7 11 and ergosterol 7 furnished 
benzoates 12 and 13 in 95% and 92% yield, respectively. 
These latter two benzoylations were easily carried out on 
a kilogram scale, and isolation of the products was 
straightforward (Scheme I). 

The first of several problems arose during initial at- 
tempts to generate large quantities of the 7,14-diene 15a 
and 7,14,22-trienes 16a and 17a as products from the 
acid-catalyzed migration of the corresponding 5,7-diene 
congeners 12-14 (Scheme I). The literature  procedure^^^*^^ 

(3) Spike, T. E.; Martin, J. A.; Huntoon, S.; Wang, A. H.; Knapp, F. 
F.; Schroepfer, G. J., Jr. Chem. Phys. Lipids 1978,21, 31. 

(4) Knight, J. C.; Klein, P. P.; Szczepanik, P. A. J. Biol. Chem. 1966, 
241, 1502. 

(5 )  Shepherd, D. A.; Donia, R. A,; Cambell, J. A.; Johnson, B. A.; 
Holysz, R. P.; Slomp, G., Jr.; Stafford, J. E.; Pederson, R. L.; Ott, A. C. 
J. Am. Chem. SOC. 1966, 77, 1212. 

(6) Lakeman, J.; Speckamp, W. N.; Huisman, H. 0. Tetrahedron Lett. 
1967, 3699. 

(7) 7-Dehydro~holesterol ($9OO/kg) and ergosterol ($710/kg) were 
obtained from Vitamins Inc., Chicago, IL. 
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dium-catalyzed isomerization: Andrieux, J.; Barton, D. H. R.; Patin, H. 
J. Chem. SOC., Perkin Trans 1 1977, 359. 
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