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rimido(4,5-d)pyrimidines, or a mixture of both, de- 
pending on the aldehyde substituent. 

Experimental Section 

The melting points were taken on a Thomas-Hoover melting 
point apparatus and are corrected. Microanalyses were per- 
formed by Galbraith Laboratories, Inc., Knoxville, Tenn. The 
nmr spectra were obtained with a Varian A-60 spectrometer. 
A Beckman IR-8 spectrophotometer was used to determine the ir 
spectra. Glass plates coated with silica gel G were used for tlc 
in ethanol-water. 

General Procedure for the Reaction of 4-Amino-5-(amino- 
methyl)-2-methylpyrimidine (l)? and 4-Amino-5-(aminomethyl)- 
2-phenylpyrimidine (10) with Substituted Benzaldehydes.-To a 
solution of O.0ii5 mol of the benzaldehyde in 150 ml of benzene 
was added 0.075 mol of the pyrimidine with stirring. The mix- 
ture was heated under reflux for 8-12 hr in the presence of a Dean- 
Stark trap. The reaction mixture was filtered while hot to re- 
move any unreacted pyrimidine. The product, the Schiff base 
or the tetrahydropyrirnido(4,5-d)pyrimidine, w&s obtained in 
70-9Oa/, yield by either cooling the filtrate or by evaporating it to 
dryness and triturating the residue with petroleum ether (bp 
30-60'). The analytical samples were obtained by three or four 
recrystallizations from benzene or ethanol. The analyses as well 
as the nmr data are summarized in Table I. 

Hydrolysis of 4-Amino-5- (p-chlorobenzylideneaminomethyl)-2- 
methylpyrimidine (6).--A solution of 2.06 g (0.008 mol) of 6 in 
50 ml of 1 N hydrochloric acid was kept a t  room temperature for 
15-20 min. Colorless crystals, mp 45-48', of p-chlorobenzalde- 
hyde were obtained by filtration of the reaction mixture. Ex- 
traction of the mother Liquors with ether furnished an additional 
yield of p-chlorobenzaldehyde, mp 45-48'. The p-chlorobenz- 
aldehyde thus obtained was dissolved in ether and treated with a 
solution of 2,4-dinitrophenylhydrazine in ether. Filtration 
afforded 2.3 g (937,) crystals of p-chlorobenzaldehyde-2,4-dinitro- 
phenylhydrazone, mp 264-267' (lit.* mp 266'). 

4-Amino-5-(p-chlorobenzylaminomethyl)-2-methylpyrimidine 
(13).-To a solution of 2.0 g (0.008 mol) of 2 in 40 ml of absolute 
MeOH a t  -5" was added slowly and with stirring 0.43 g (0.012 
mol) of sodium borohydride. The reaction mixture was heated 
under reflux for 20 min and then made basic by the addition of 
45 ml of 1.0 N sodium hydroxide with vigorous stirring. Ex- 
traction with six 25-ml portions of ether and evaporation of the 
ether extract to dryness afforded 1.7 g (84y0) of crystals of 13, mp 
97-100O. Three recrystallizations from benzene furnished the 
analytical sample: mp 101.5-102.5°; nmr (CHCL-d) 6 1.50 (m, 
1, NH), 2.43 (s, 3, CH:,), 3.64 (s, 2, 5 CH,), 3.75 (m, 2, benzylic 
CH,), 6.23 (9, 2, NH,), 7.30 (m, 4, aromatics), and 7.92 (6, 1, 
6 H); ir Y:::' 3400 and 3300 cm-l ("2). 

Anal. Calcd for C ~ ~ H ~ B C ~ N I :  C, 59.42; H, 5.75;  N, 21.33. 
Found: 

3-(p-Chlorobenzyl)-2,7-dimethyl- 1,2,3,4-tetrahydropyrimido- 
(4,5-d)pyrimidine (14).-Two drops of concentrated HCl 
was added to a solution of 2.0 g (0.008 mol) of 13 and 2.5 g 
(0.06 mol) of acetaldehyde in 75 ml of benzene. The reaction 
mixture was heated under reflux for 6 hr. Evaporation to dry- 
ness afforded 1.6 g (737%) of crystals of 14, mp 144-146'. Re- 
crystallization from benzene gave the analytical sample: mp 146- 
147"; nmr (CHCL-d) d 1.40 (d, 3, J = 7.0, 2 CH1), 2.47 (s, 3, 

CH,), 5.71 (m, 1 ,  1 NH), 7.31 (m, 4, aromatics), and 7.85 (s, 
1,5 H);  ir Y:::' 3230 cm-' (NH). 

Anal. Calcd for ClsHldXVd: C, 62.92; H, 5.88; N, 19.40. 
Found: 

C, 59.36; H, <i.82; N, 21.48. 

7 CHI), 3.57 (d, 2, J = 2.0, 3 CHs), 3.73 (d, 2, J = 7.0, 4 

C, 63.25; H, 6.10; N, 19.23. 

Registry No.--2, 20352-37-8; 3, 20352-38-9; 4, 
20352-39-0; 5,20352-40-3; 6,20352-46-9; 7,20352-47- 
0 ;  8, 20352-48-1; 9, 20352-41-4; 11, 20352-42-5; 
12,20352-43-6; 13,20352-44-7; 14,20352-45-8. 
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There is a great deal of interest in the chemistry of 
1,4-dithiins and 1,4 dithianes. Unsubstituted dithiins 
and dithianes can be prepared by relatively straightfor- 
ward  procedure^.^,^ There are, however, few good 
methods for the preparation of simple alkvl or-aryl 
dithianes or dithiins. Of the existing methods, the 
usual procedures give 2,5-disubstituted or 2,3,5,6-tetra- 
substituted deri~atives.~-Q The reported methods for 
the preparation of monoalkyl and aryl substituted 
dithiins usually involve multistep syntheses and proceed 
with poor yields.lO*ii There are no reports in the litera- 
ture of simple procedures for the preparation of 2,3-di- 
substituted dithianes or dithiins except for benx-l,4di- 
thianes.12 

We report here a novel synthesis of 2- and 2,3-mono- 
and disubstituted 5,6-dihydro-lj4-dithiins (1). These 
compounds can readily be prepared by treating ethane- 
dithiol with an cy-bromo ketone. 

0 Br 
II I 

HSCH2CHZSH + R-C-C-R - 
I R' 

la, R = H; R' = CH, H 

b, R = R' = C,H, 

When cy-bromoacetone is treated with ethanedithiol, 
the resulting 2-methyl-5,6-dihydro-1,4-dithiin (la) is 
obtained in 60% yield. This compound has previously 
been reported in a multistep synthesis which resulted in 
10% yieldsi0 of la. As an example of the formation of 
2,3-disubstituted dithiins, 2-bromo-2-phenylacetophe- 
none gives the corresponding 2,3-diphenyl-5,6-dihydro- 
1,4-dithiin (lb) in 50% yield. 

The dihydrodithiins resulting from these reactions 
may be reduced to the dithianes12 or oxidized to the di- 
thiinsla by established procedures. 

Experimental Section 

Micro analyses were carried out by Werby Laboratories, Bos- 
ton, Massachusetts. Melting points are corrected. Nuclear 
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magnetic resonance spectra were determined on a Varian Model 
A-60 nmr spectrometer using tetramethylsilane as a standard. 

Preparation of 5-Methyl-2,d-dihydro-1 ,bdithiin (la).-A 250- 
ml single neck flask fitted with a Dean-Stark trap and a mag- 
netic stirrer was charged with 120 ml of benzene (sodium dried), 
26.6 g (0.196 mol) of or-bromoacetone,14 18.3 g (0.195 mol) of 
1 ,a-ethanedithiol and 0.044 g of purified p-toluenesulfonic acid. 
The resulting solution was stirred and refluxed for 3 hr, and 4.22 
ml of water was collected in the trap. The reaction mixture was 
cooled and washed twice with 100 ml of 2 N sodium hydroxide 
and twice with 100 ml of water. The organic layer was concen- 
trated and distilled, giving 13.7 g, bp 44-52’ (0.5-0.7 mm), and 
2.6 g, bp 70-94’ (0.7-0.9 mm). The purity of these fractions 
wm checked by glpc using a 6 ft Carbowax column; the first frac- 
tion was 98% la  and the second fraction 72% la .  A total 
yield of 60% la  was obtained in this reaction (by glpc assay); 
this product showed the correct microanalysis, nmr, and in- 
frared spectra for la  as previously reported.’o 

Preparation of 4,5-Diphenyl-2,3-dihydro-l,4-dithiin (lb).- 
The above described apparatus was charged with 5.31 g (0.0194 
mol) of 2-bromo-2-phenylacetophenone (Eastman), 2.48 g 
(0.0265 mol) of 1,2-ethanedithiol, 0.02 g of p-toluenesulfonic acid, 
and 120 ml of benzene (sodium dried). The resulting solution 
was refluxed for 54 hr, and 0.4 ml of water was collected. The 
reaction mixture was washed and concentrated as above, leaving a 
solid residue. This w&s recrystallized three times from methanol, 
giving a white solid: 2.66 g (50.6%), mp 101.9-102.2’. Ex- 
amination of the nmr spectrum (CCl4) showed a singlet a t  6 
7.05 (aromatic) and a singlet a t  S 3.31 (aliphatic); the ratio of 
aliphatic to aromatic protons was 2:5. 

Anal. Cnlcd for C , ~ H I ~ S ~ :  C, 71.1; H, 5.18; S, 23.7. 
Found: C, 71.30; H, 5.22; S, 23.73. 

Registry No.-la, 5769-49-3; lb, 20273-71-6. 
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Ed., John Wiley & Sons, New York, N. Y., 1963, p 88. 
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2,4,6-Trinitrobenzenesulfonates from 

Butadienes and Methanesulfenyl 
2,4,6-Trinitroben~enesulfonates~ 

GEORQE K. HELMKAMP, DENNIS C. OWSLEY,* 
AND BRUCE R.  HARRIS^ 

Department of Chemistry, University of California at 
Riverside, Riverside, California 91601 

Received January 24, 1969 

The reaction of a very limited variety of sulfenyl 
compounds with conjugated dienes has received recent 
attention, but the process has the potential of providing 
interesting results related to the problem of concerted 
cycloaddition. Mueller and Butler4p5 studied the reac- 
tion of methanesulfenyl or benzenesulfenyl chloride 
with a number of conjugated dienes. Their findings 
showed that the additions occurred predominantly in a 
1,2 manner. This was in contrast to the report of 
earlier workerss in which 1,4 addition was tentatively 
proposed to occur in the reaction of sulfenyl chlorides 
with cyclopentadiene or cyclooctatetraene. 
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An alkanesulfenium ion (RS+, or its alkanesulfenyl 
2,4,6-trinitrobenzenesulfonate progenitor) can be com- 
pared to nitrenes and carbenes with regard to formation 
of three-membered rings from alkenes. With one 
exception, all of the reported examples of the reaction of 
conjugated dienes with carbenes? and nitreness pro- 
ceed by formation of 1,2 adducts as primary reaction 
products. In  that exceptional caseQ a concerted 1,4 
cycloaddition of cyanonitrene to  cyclooctatetraene was 
proposed on the basis of a time- and temperature- 
dependency study of the stability of the 1,2 adduct in 
the system. 

As part of our continuing studies on the synthetic 
utility of methanesulfenyl 2,4,6-trinitrobenzenesulfo- 
natelOJ1 (1),  some of the isomeric diphenylbutadienes 
have been used as substrates for this reagent. It was of 
interest to determine whether the products isolated from 
these reactions arose from a 1,4 cycloaddition in a 
concerted manner, a 1,2 addition, or a 1,2 addition 
followed by rearrangement to the 1,4 product. 

The reaction of 1 with trans,trans- @a), &,trans- 
(2b), or cis,cis-l,4-diphenylbutadiene (2c) was found to 
yield the same product, namely 2,5-dihydro-2,5- 
diphenyl-S-methylthiophenonium 2,4,6-trinitrobenzene- 
sulfonate (3) as shown in eq 1. The structure of 3 was 
assigned on the basis of its nmr spectrum and molecular 
weight (data are provided in the Experimental Section). 
The structural equivalence of 3 originating from the 
three different dienes was based on comparison of 
infrared and nmr spectra, on mixture melting points, 
and on constancy of these physical characteristics on 
repeated purification procedures. 

CH3SOSOz O h N O z  + PhCH=CH-CH=CHPh - 
1 

2a-c 

phwF TNBS- (1) 
H 

I 
CH, 
3 

QPh TNBS- (2) 

Ph Ph Ph I t  
1 + CHZ=C-C=CHZ - 

4 
I 
CH3 
5 

TNBS - = 2,4,6-trinitrobenzenesulfonate anion 

The reaction of the same reagent (1) with 2,3- 
diphenylbutadiene (4, eq 2) yielded 2,5-dihydro-3,4- 
diphenyl-S-methylthiophenonium 2,4,6-trinitrobenzene- 
sulfonate (5). 

The stereochemistry of 3 has not been established 
unequivocally, although nmr data suggest that the 
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