
1200 J. Org. Chem., Vol. 43, No. 6,1978 Taylor and LaMattina 

References and Notes 
(1) T. H. James, in "The Theory of the Photographic Process", 3rd ed, G. E. 

K. Mees and T. H. James, Ed., Macmilian, New York, N.Y., 1966, pp 

(2) G. T. Eaton, in "The Theory of the Photographic Process", 3rd ed, C. E. K. 
Mees and T. H. James, Ed., Macmilian, New York, N.Y., 1966, pp 398- 

344-346. 

A i l 5  -"-. 
(3) E. Lieber, J. Ramachandran, C. N. R. Rao, and C. N. Pillai. Can. J. Chern., 

(4) E. Lieber, C. N. R. Rao, C. N. Pillai, J. Ramachandran, and R. D. Hites. Can. 
37, 563 (1959). 

J. Chern.. 36, 801 (195EI). 

(5) A. Merijan and P. D. Gardner, J. Org. Chem., 30,3965 (1965). 
(6) L. J. Filar and S. Winstein, Tetrahedron Lett., 25, 9 (1960). 
(7) T. Zawadowski, Rocz. Chern., 42, 297 (1968). 
(8) R. Grice and L. N. Owen, J. Chem. Soc., 1947 (1963). 
(9) N. P. Newreiter, J. Org. Chern., 28, 3486 (1963). 

(10) J. M. Grasshoff and L. D. Taylor, US. Patent 3 698 898 (1972). 
(1 1) J. M. Grasshoff and L. D. Taylor, U.S. Patent 3 674 478 (1972). 
(12) J. M. Grasshoff and L. D. Taylor, US. Patent 3 685 991 (1972). 
(13) J. M. Grasshoff and L. D. Taylor, US. Patent 3 932 480 (1976). 
(14) J. P. Horwitz, B. Fisher, and A. Tomasewski, J. Am. Chern. Soc., 81,3076 

(1959). 

Synthesis of y- and 6-(  1,3-Dithianyl) P-Keto Esters' 

Edward C. Taylor* and John L. LaMattina2 

Department of Chemistry, Princeton University, Princeton, New Jersey 08540 

Received September 21,1977 

The preparations of ethyl y-( 1,3-dithian-Z-yl)acetoacetate ( l ) ,  tert- butyl 3-oxo-4-trimethylenedithiopentanoate 
(2), and ethyl 5-benzyloxy-3-oxopentanoate (3) are described. Some additional reactions relevant to the chemistry 
of dithiane are also discussed. 

Previous papers from this laboratory have described an 
unambiguous approach to the synthesis of 6-substituted 
pteridines by guanidine cyclization of 2-amino-3-cyano (or 
alkoxycarbonyl) pyrazines suitably substituted at  position 5. 
These latter critical intermediates were prepared in turn by 
cyclization of aminomalononitrile (or esters of a-aminocy- 
anoacetic acid) with an a-ketoaldoxime, followed by deoxy- 
genation of the resulting pyrazine 1-oxide (see Scheme I).:3 In 
this sequence, the group a to the carbonyl of the a-ketoal- 
doxime becomes the C-6 substituent on the final pteridine. 
Since the a-ketoaldoximes are themselves prepared from @- 
keto esters by hydrolysis, oximation, and subsequent decar- 
boxylation, the preparation of a specific C-6 substituted 
pteridine requires an appropriately substituted @-keto ester. 
Our current interest in the preparation of certain 2,4-diami- 
nopteridines carrying side chains a t  position 6 substituted 
with carbonyl groups thus necessitated the preparation of a 
variety of @-keto esters containing a (potential) carbonyl at 
either the y or 6 position. This paper describes our efforts to 
prepare @-keto esters I ,  2, and 3. 

1 2 

n o  0 0  
i i i l  NaOR' I1 II 

ClCH,CCH,COC,H, - R'OCH,CCH,COC,H, 
4 

An alternative approach to 1 involves treatment of 2- 
chloro-1,3-dithiane (5)7 with the dianion of ethyl acetoace- 
tate.8 No displacement of halide ion occurred; instead, the 
dianion was protonated by 5, leading to the recovery of ethyl 
acetoacetate and to the decomposition of the dithiane moi- 
ety. 

0 0  

c:>-Cl + -CH,CC_HCOC,H, II II Jtt 1 

5 
Since direct linkage of 1,3-dithiane with the y position of 

ethyl acetoacetate did not seem feasible, an attempt was made 
to incorporate this moiety indirectly. Treatment of the dianion 
of ethyl acetoacetate with methyl formate gave the unstable 
aldehyde 6,9 but attempted reaction of this material with 

6 
propane-1,3-dithiol resulted only in the formation of an in- 
tractable tar; no 1 could be isolated. 

Scheme I 
C,H,OCCH,CCH,CH,OCH,C,,H 

moiety directly to the y position of an appropriately substi- I + I  H2N 
Initial approaches t o  1 attempted to attach the dithiane 

tuted acetoacetic ester. A promising model was the successful 

oxide to yield y-alkoxy derivatives in good yielde4 Unfortu- 
nately, however, no reaction occurred between 2-lithio-1,3- 
dithiane and 4 (as its sodium salt). The dithiane anion is ap- 
parently not sufficiently nucleophilic to displace the y-chloro 
substituent.5 Attempts to carry out this reaction in the pres- 

densation of 4. 

.,XNrR \\ 
3 ,"? 0 

C-R - NCCH 

NC T+ 
0- 

IC" conversion of ethyl y-chloroacetoacetate (4) with excess alk- N 

OH 
I 

ence of 1 equiv of sodium iodide6 resulted only in self-con- 
--+ HJ NCfrR L~ -+ 
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An alternative conceptual approach to 1 would utilize a 
1,3-dithiane unit already possessing a carbon substituent a t  
position 2 capable of elaboration to the desired @-keto ester. 
Thus, a-(1,3-dithian-2-yl)acetone (7), although an unsym- 
metrical ketone, would be expected to undergo selective 
functionalization on the methyl group (kinetically favored 
product).lo Treatment of 7 with 2 equiv of lithium diethyl- 
amide, followed by quenching with ethyl chloroformate, in- 
deed gave the desired i3-keto ester 1 but only in 15% yield. All 
attempts to improve this reaction by the use of different sol- 
vents or alternate bases failed. 

n 

7 

The use of diketene as a P-keto ester synthon was then 
briefly examined. I t  is known that diketene reacts with chlo- 
rine to give y-chloroacetoacetyl chloride which, on treatment 
with alcohols, affords esters of y-chloroacetoacetic acid.ll I t  
therefore seems reasonable to anticipate that treatment of 
diketene with 2-chloro-1,3-dithiane using titanium tetra- 
chloride as catalyst, followed by addition of ethanol, might 
yield the desired @-keto ester 1. Instead, ethyl acetoacetate 
was recovered from the reaction mixture, and it appears that 
2-chloro-1,3-dithiane is completely unreactive toward di- 
ketene. Only tar formation was observed upon attempts to 
react diketene with triethyl orthoformate in the presence of 
boron trifluoride as catalyst.12 

A stepwise approach to 1 was then considered. Treatment 
of methyl 3,3-dimethoxypropanoate (8)13 with propane- 
1,3-dithiol gave methyl (1,3-dithian-2-yl)acetate (9) in 81% 
yield. Hydrolysis of 9 to the corresponding carboxylic acid 10, 

(CH30)2CHCH2COCH, - CS&CH2COCH, 

0 0 
II I1 

8 
LS' 

9 

0 
-+ C~)--CH~COOH - c:)--cH2Cci II 

S 
10 11 

followed by treatment with oxalyl chloride, gave the corre- 
sponding acid chloride 11 in 93% overall yield. Surprisingly, 
however, attempts to convert 11 directly to the desired &keto 
ester 1 were unsuccessful. For example, only decomposition 
was observed when 11 was treated with 1 equiv of lithio tert- 
butyl acetate in the presence of 1 equiv of lithium diethyl- 
amide.14 Since this may have been the result of deprotonation 
of 11 by the strongly basic nucleophile, 11 was converted to 
the acyl imidazole 12, which was then treated with lithio 
tert- butyl trimethylsilylacetate, a reagent developed by 
Rathke for the preparation of /3-keto esters.l5 Unexpectedly, 

0 

however, tert- butyl trimethylsilylacetate was obtained in 
quantitative yieM from this reaction; no trace of acylation by 
12 was observed. 

In order to avoid the use of a nucleophilic reagent which was 
also strongly basic, 11 was treated with the magnesium eth- 
oxide salt of tert-butyl ethyl malonate,16 and the resulting 
adduct 13 was then heated under reflux in xylene in the 
presence of p -toluenesulfonic acid as catalyst. The desired 
0-keto ester 1 was thus finally obtained in 44% overall yield 
from 9. 

L 
13 

Preparation of the desired 6-keto esters 2 and 3 proved to 
be more straightforward. Thus, 2 was obtained from 2- 
methyl-1,3-dithiane-2-carboxylic acid5 by initial conversion 
with oxalyl chloride to its acid chloride 14, followed by reaction 

0 
I1 

0 0  
II II 

14 2 

with lithio tert-butyl acetate (65% overall yield). The success 
of this reaction, in contrast to the failure of the corresponding 
attempted acylation of lithio tert- butyl acetate with the acid 
chloride 11, is consistent with our assumption that mono- 
substituted dithiane substrates are incompatible with nu- 
cleophiles which are strong bases. 

Finally, the desired 6-keto ester 3 was prepared directly by 
alkylation of the dianion of ethyl acetoacetate with chloro- 
methyl benzyl ether. This method proved to  be superior to an 
alternative route which involved condensation of the dianion 
of ethyl acetoacetate with formaldehyde to give 15, followed 
by attempted alkylation of the hydroxyl group with benzyl 
chloride; this latter step was complicated by competitive al- 
kylation on the enol oxygen. 

0 0  0 0  
II II II I1 

C,H,OCCHCCH,- - C,H,OCCH,CCH,CH~OCH,C,H, - 
3 

# I 
0 0  
I I  II 

C,H,OCCH,CCH,CH,OH 
15 

Although the preparation of 1,2, and 3 completed this phase 
of the project, some additional reactions relevant to the 
chemistry of dithiane were carried out which are reported 
briefly below. 

Since our purpose in preparing various y-substituted @-keto 
esters was to convert them subsequently to a-ketoaldoximes, 
an alternative synthesis of these latter key intermediates for 
pteridine synthesis was explored in which the dithiane moiety 
was designed to serve as the potential cu-keto functionality. 
Thus, it was envisioned that a 2-substituted dithiane might 
then, by selective trans-oximation with acetone oxime," give 
the desired a-ketoaldoxime. Treatment of 2-lithio-1,3-di- 
thiane with bromoacetaldehyde diethylacetal gave the known 
acetal 16.5 Formylation of 16 then gave the aldehyde 17 in 
good yield, but all attempts to deprotect this latter interme- 
diate (NBS in aqueous acetone, NCS, AgN03 in aqueous ac- 
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etonitrile,18 SO2Cl2, siliica ge119) failed. Attempted conversion 
of the aldehyde functionality to its corresponding acetal led 
only to  polymerizatior.. 

Q-R - cg CHO 

16, R == CH,CH(OC,H,)- 17, R = CH,CH(OC,H,), 

0 0 
II II -- RCCHO - RCCH=NOH 

I n  view of this  failure to convert the s u p t i t u t e d  dithiane 
17 to the corresponding a-ketoaldehyde, we briefly explored 
the possible utilizatiori in this reaction scheme of a n  alterna- 
tive acyl anion equivalent, ethyl ethylthiomethyl sulfoxide, 
18.20 We have found, as have others,21 that 18 could not be 
prepared by NaI04 oxidation of bis(ethy1thio)methane (19) 
as had been reported::!O instead, 18 was prepared by  peracid 
oxidation of 1gSz1 However, a t tempted  reaction of the anion 
of 18 (under  conditions identical to those successfully em- 
ployed in the  formation of 16) with bromoacetaldehyde di- 
ethylacetal was unsuccessful, and only starting materials were 
recovered. It appears that bromoacetaldehyde diethyl acetal 
is an unpredictable electrophile; although no  reaction took 
place with the dianion of ethyl acetoacetate, it did react suc- 
cessfully with the anion of bis(ethy1thio)methane (19) to  give 
t h e  expected product 20. 

(C*Hs)zCH* BrCH2C'I'OC2Hd2 ( C * H S S ) ~ C H C H ~ C H ( O C ~ H ~ ) ~  --a. 
19 base 20 

One curious reaction of t he  @keto ester 2 merits comment  
at this time. We were interested in the conversion of 2 to its 
0-trimethylsilyl  derivative 21, which was to  serve as a sub- 

22 21 

s t ra te  for a subsequent oximation. A recent procedure22 for 
the preparation of such derivatives from methyl 6-keto esters 
uses hexamethyldisilazane and  a catalytic amount of imid- 
azole. Reaction of 2 under these conditions gave a product  
which, although i t  possessed the expected trimethyisilyl 
grouping, had  lost the tert- butyl group and  apparently pos- 
sessed a nitrile subst i tuent  (IR band at 2210 cm-l). The 
presence of nitrogen was confirmed by  combustion analysis 
which indicated a molecular formula of CllH19NOS2Si. It thus  
appeared that the product  of this  reaction was 1-cyano-2- 
trimethylsilyloxy-3-trimethylenedithio-1-butene (22), and  
this was confirmed by an  independent synthesis from the acid 
chloride 14. Thus, t rea tment  of 14 with lithioacetonitrile23 
gave the P-ketonitrile 23, which underwent normal O-tri-  
methylsilation to  give 22 upon t r ea tmen t  with hexamethyl- 
disilazane in the  presence of imidazole. The mechanism of this 
unusual transformation of 2 t o  22 is unclear, but it may not 
represent a general reaction, since the ester moiety of twt-  

14 23 

butyl acetoacetate remains intact  under  the same reaction 
conditions. 

Experimental Section 
Methyl (1,3-Dithian-2-yl)acetate (9). A mixture of 17.2 g (0.116 

mol) of methyl 3,3-dimethoxypropanoate, 1.25 g (0.166 mol) of pro- 
pane-1,3-dithiol, 0.2 g ofp-toluenesulfonic acid, and 200 mL of ben- 
zene was heated at reflux for 25 h. The mixture was concentrated and 
the residue distilled under reduced pressure. After a small amount 
of forerun was collected, the product distilled at log109 "C (0.3 Torr); 
yield 18.0 g (81%). NMR (CDC13) 6 1.8-2.3 (m, 2), 2.8-3.1 (m, 6), 3.79 
(s, 3), 4.49 (t, 1); IR (neat) 1735 (ester) cm-'. 

Anal. Calcd for C7H1202S2: C, 43.72; H, 6.29; S, 33.35. Found: C,  
43.67; H, 6.02; S, 33.42. 

(1,3-Dithian-2-yl)acetic Acid (10). A mixture of 14.8 g (77 mmol) 
of 9,6.16 g (154 mmol) of sodium hydroxide, and 50 mL of water was 
heated at  reflux for 0.5 h. The mixture was cooled to room tempera- 
ture and then acidified with concentrated HC1. After cooling, the 
mixture was filtered, washed with cold water, and then dried in vacuo 
to afford 13.3 g (97%) of 10 as a white fluffy solid, mp 109-110 "C. This 
material was used without further purification, although it could be 
recrystallized from CC14: NMR (CDC13) 6 1.8-2.3 (m, 2),  2.8-3.1 (m, 
41, 4.42 (t, l ) ,  9.90 (s, 1); IR (KBr) 3200-2800 (OH), 1690 (carbonyl) 
cm-I. 

Anal. Calcd for C6HloOzSz: C, 41.42; H, 5.65; S, 35.97. Found: C, 
41.13; H, 5.19; S, 35.35. 
(1,3-Dithian-2-yl)acetyl Chloride (11). A mixture of 1.78 g (10 

mmol) of 10, 0.40 g (10 mmol) of sodium hydroxide, and 10 mL of 
water was gently heated until homogeneous and then concentrated 
under reduced pressure. The resulting sodium salt was dried in vacuo 
[lo0 "C (0.5 Torr) for 2 h] and then added slowly to a stirred solution 
of 1.52 g (12 mmol) of oxalyl chloride in 40 mL of benzene at  room 
temperature. After addition was complete, the mixture was heated 
at  reflux for 2 h, cooled, filtered to remove NaC1, and concentrated 
under reduced pressure to give 1.9 g (100%) of 1 1  as a light brown 
liquid. This material was used without further purification: NMR 
(CDC13) 6 1.7-2.1 (m, 2), 2.7-3.1 (m, 4),3.27 (d, 2), 4.30 (t. 1); IR (neat) 
1790 (carbonyl) cm-'. 
(1,3-Dithian-2-yl)acetylimidazole (12). To a stirred solution of 

2.45 g (36 mmol) of imidazole in 25 mL of dry THF at room temper- 
ature was added a solution of 3.5 g (18 mmol) of 1 1  in 10 mL of THF. 
The mixture was heated at  reflux for 0.5 h, cooled, and filtered, and 
the filtrate was concentrated under reduced pressure to give an oil 
which solidified while being dried in vacuo overnight. Recrystalliza- 
tion from CC14 afforded 3.05 g of 12 as a white solid, mp 79-80 "C. 

Anal. Calcd for CgH12NZOS2: C, 47.34; H, 5.30; N, 12.27; S. 28.09. 
Found: C, 47.44; H, 5.52; N, 12.08; S, 27.88. 

Ethyl y-( 1,3-Dithian-2-yl)acetoacetate ( 1 ) .  Method A. Freshly 
prepared magnesium ethoxide (9.12 g, 80 mmol) was added to a 
500-mL three-necked round-bottomed flask fitted with a gas-inlet 
tube, condenser, and magnetic stirrer, and containing 150 mL of so- 
dium-dried ether. While stirring under nitrogen, 13.1 g (80 mmol) of 
tert-butyl ethyl malonate was added. The mixture was heated at re- 
flux for 15 min, and then a solution of 15.7 g (80 mmol) of 11 in 50 mL 
of ether was cautiously added. The mixture was again heated at  reflux 
for 3 h. After cooling, 100 mL of 10% HzS04 was slowly added. The 
ether layer was separated and the aqueous solution was extracted 
twice with 20-mL portions of ether. The combined ether layers were 
dried (Na~S04),  filtered, and evaporated, leaving a light yellow oil. 
The oil was dissolved in 150 mL of xylene, 0.35 g of p-toluenesulfonic 
acid was added, and the mixture was heated at reflux for 3.5 h. The 
mixture was concentrated and the residual dark oil was scratched to 
induce crystallization. Recrystallization of this crude solid from cy- 
clohexane (Norite) afforded 8.74 g (44%) of 1 as an off-white solid: mp 
64-65 "C; NMR (CDC13) 6 1.32 (t, 3), 1.9-2.3 (m, 6), 3.58 (s, 2),  4.25 
(q,2),  4.54 (t, 1) (these last two sets of signals overlap); IR (KBr) 1740 
(ester), 1715 (ketone) cm-'. 

Anal. Calcd for C&160&: C, 48.36; H, 6.49: S, 25.82. Found: C,  
48.59; H, 6.30; S, 25.68. 

Method B. A solution of lithium diisopropylamide was prepared 
by adding, uia syringe, 4.4 mL (10.5 mmol) of 2.4 M n -butyllithium 
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to a stirring solution of 1.06 g (10.5 mmol) of diisopropylamine in 15 
mL of dry THF mder  nitrogen a t  -78 "C. This was stirred at -78 "C 
for 0.5 h. To the base solution was added dropwise a solution of 1.76 
g (10.0 mmol) of a-(1,3-dithian-2-yl)acetone (7) in 15 mL of dry THF. 
After addition was complete, the mixture was stirred a t  -78 "C for 
45 min. To the anion solution was added 1.14 g (10.5 mmol) of freshly 
distilled ethyl chloroformate. The mixture was stirred a t  -78 OC for 
5 min and then .illowed LO warm to room temperature for 0.5 h. The 
mixture was poured into 100 mL of saturated NaC1, and the organic 
layer was separated from the basic aqueous solution. The aqueous 
solution was acidified with 1090 HC1, and then extracted three times 
with a total of 100 mL of CHC13. The combined CHC13 layers were 
dried (Na2S04), filtered, and evaporated, leaving 0.35 g (15%) of a light 
yellow oil which solidified on standing. Recrystallization from 2- 
propanol afforded a white fluffy solid, mp 64-65 "C, identical in all 
respects with the material prepared by method A. Attempts to im- 
prove the yield hy using excess base (Le., 2 equiv of LDA) led to lower 
yields. 
a,a-Trimethylenedithiopropionyl Chloride (14). A mixture of 

1.78 g (10 mmol) of 2-methyl-1,3-dithiane-2-carboxylic acid, 0.40 g 
(10 mmol) of sodium hydroxide, and 15 mL of water was gently heated 
until homogeneous and then concentrated under reduced pressure. 
The resulting sodium salt was dried in vacuo (100 "C, 0.5 Torr) for 
2 h) and then added slowly to a solution of 1.52 g (12 mmol) of oxalyl 
chloride in 40 mL of benzene at room temperature. After addition was 
complete, the mixture was heated to reflux for 2 h, cooled, filtered to 
remove NaCl, and concentrated under reduced pressure to give 1.9 
g (100%) of 14 as a light orange oil. This material was used without 
further purification: NMR (CDC13) 6 1.70 (s, 31, 1.8-3.3 (m, 6); IR 
(neat) 1755 (carbonyl) cm-'. 

text-Butyl 3-Oxo-4-trimethylenedithiopentanoate (2). A 
three-necked 2iiO-mL round-bottomed flask fitted with a gas-inlet 
tube, addition funnel, and magnetic stirring bar was charged with 52 
mL (0.126 mol) of2.4 M n-butyllithium. While stirring under nitro- 
gen, the flask was cooled (ice bath) and a solution of 12.7 g (0.126 mol) 
of diisopropylaniine in 50 mL of dry THF was added over 15 min. This 
solution of LDA was cooled to -70 "C and 7.3 g (63 mmol) of t e r t -  
butyl acetate in 25 mL, of dry THF was added. After stirring a t  -70 
"C for 0.5 h, a solution of 63 mmol of 14 in 50 mL of dry THF was 
added dropwise to the anion solution. This mixture was stirred a t  -70 
"c for 0.5 h, allowed t o  warm to room temperature over 0.5 h, and 
quenched with 100 mL of 10% HC1. The organic layer was separated 
and the aqueocs solution extracted twice with 50-mL portions of 
ether. The comhined organic layers were washed six times with sat- 
urated aqueous NaCl (to remove traces of acid), dried over NazS04, 
and filtered, and the filtrate was evaporated. The residual brown 
liquid was distilled under reduced pressure to give 11.2 g (64%) of 2 
as a colorless liquid: bp 122-124 "C (0.01 Torr); NMR (CDC13) 6 1.38 
(s,9). 1.56 (s,3),  1.8-3.3 im, 6). 3.51 (s,2);IR (neat) 1735 (ester), 1700 
(ketone) cm-I. 

Anal. Calcd for C12H2003S2: C, 52.14; H, 7.30. Found: C, 52.02; H, 
7.17, 

Ethyl 5-Hydroxy-3-oxopentanoate (15). A mixture of 2.6 g (0.11 
mol) of sodium hydride (prepared by washing 5.2 g of 50% NaH/ 
paraffin oil with pentane) and 75 mL of dry THF was stirred a t  0 "C 
under nitrogen .n a 250-mL round-bottomed flask fitted with an ad- 
dition funnel, gas-inlet tube, and septum. To this was added dropwise 
a solution of 13 0 g (0.10 mol) of ethyl acetoacetate in 75 mL of dry 
THF. Stirring was continued at 0 "C for 0.5 h after addition was 
complete. To this anion solution was added 42 mL (0.10 mol) of a 2.4 
M solution of n .butyllithium and the resulting dianion solution was 
stirred a t  0 "C f x  1 h. A side-armed flask containing 3.0 g (0.10 mol) 
of paraformaldehyde was inserted between the nitrogen source and 
the reaction veseel. The paraformaldehyde was vaporized by heating 
with a heat gun. and these vapors were carried into the reaction flask 
by the nitrogen stream. After 0.5 h, no paraformaldehyde remained. 
The reaction mixture was stirred a t  room temperature for 15 min, 
neutralized with 10% HG1, and extracted three times with a total of 
100 mL of CHCI:I. The combined CHC13 layers were dried (Na2S04), 
filtered, and evaporated LO give a light brown liquid. Distillation under 
reduced pressure afforded 1.8 g (14%) of ethyl acetoacetate followed 
by 4.75 g (30%) of colorless 15: bp 106-108 "C (0.3 Torr). The re- 
maining material decomposed during distillation: NMR (CDC13) 6 
1.17 (t, 3), 2.66 it, 2),  3.40 (s, 2) ,  3.73 (t, 2), 4.07 (9, 2); IR (neat) 
3200-3600 (OH). 1750 (ester), 1710 (ketone) cm-'. 

Anal. Calcd for C7Hi2O4: C, 52.49; H, 7.55. Found: C, 52.29; H, 
7.74. 
4,4-Diethoxy-2-trimethylenedithiobutanal(l7). A solution of 

29.7 g (0.126 mo') of 1,1 -cliethoxy-3,3-trimethylenedithiopropane (16)4 
in 200 mL of dry THF was stirred a t  -30 "C under nitrogen in a 

500-mL round-bottomed flask fitted with an addition funnel with 
septum and a thermometer. To this solution was added dropwise 54 
mL (0.13 mol) of 2.4 M n-butyllithium. After addition was complete, 
the light brown solution was stirred a t  -20 "C for 2 hand poured into 
a mixture of 36.6 g (0.50 mol) of DMF (distilled from CaH2) and 100 
mL of dry THF, and the resulting yellow solution was stirred a t  -15 
O C  for 18 h. I t  was then added to 400 mL of water, and the organic 
layer was separated. The aqueous solution was extracted with three 
50-mL portions of ether, the combined organic layers were washed 
twice with water, once with aqueous 7% KOH solution, once more with 
water, and then dried over NatS04, filtered, and evaporated. Vacuum 
distillation of the residual brown oil afforded 25.2 g (78%) of 17 as a 
colorless oil: bp 109 "C (0.05 Torr); NMR (CDC13) 6 1.15 (t, 6), 1.8-3.8 
(m, 12) ,  4.70 (t, l), 8.88 (s, 1); IR (neat) 2700 (CHO), 1710 (carbonyl) 
cm-I. 

Anal. Calcd for CllH2003S2: C, 49.97; H,  7.62; S, 24.25. Found: C, 
50.17; H, 7.37; S, 24.31. 

l,l-Diethoxy-3,3-diethylthiopropane (20). A solution of 6.8 g 
(50 mmol) of bis(ethy1thio)methane in 50 mL of dry THF was stirred 
at -30 "C under nitrogen in a 250-mL three-necked round-bottomed 
flask fitted with a thermometer, gas-inlet tube, addition funnel, and 
magnetic stirring bar. n-Butyllithium (21.6 mL, 52 mmol, as a 2.4 M 
solution) was added dropwise, with the temperature maintained below 
-20 "C. After addition was complete, the mixture was stirred a t  -20 
"C for 1.5 h, and bromoacetaldehyde diethyl acetal (10.8 g, 55 mmol) 
was added. The mixture was stirred at -15 "C for 46 hand poured into 
200 mL of water, and the organic layer was separated. The aqueous 
phase was washed with three 30-mL portions of ether. The combined 
organic layers were washed with water, aqueous 7% KOH, and satu- 
rated NaCl solution, and then dried over Na2S04, filtered, and 
evaporated. Vacuum distillation of the residual light brown oil af- 
forded 3.9 g (31%) of 20 as a colorless oil: bp 108 "C (0.15 Torr); NMR 
(neat) 6 0.9-1.3 (m, 12),1.92 (q, 2), 2.50 (m, 41, 3.2-3.9 (m, 5),4.70 (t, 
1). 

Anal. Calcd for CllH2402S2: C, 52.34; H. 9.58; S. 25.40. Found: C, 
52.34; H, 9.71; S, 25.67. 

Ethyl 5-Benzyloxy-3-oxopentanoate (3).  Sodium hydride, as 
a 50% paraffin oil dispersion (1.3 g, 27.5 mmol), was washed with 
pentane and added to a three-necked 250-mL round-bottomed flask 
fitted with a gas inlet tube, addition funnel, magnetic stirring bar, and 
septum. Dry THF (20 mL) was added, the slurry was stirred under 
nitrogen a t  -5 "C, and a solution of ethyl acetoacetate (3.25 g, 25 
mmol) in 20 mL of dry THF was added dropwise. After addition was 
complete, the mixture was stirred for 10 min, 11.2 mL (26 mmol) of 
a 2.4 M solution of n-butyllithium was added dropwise, and the di- 
anion solution was stirred for 10 min at 0 "C. A solution of 3.91 g (25 
mmol) of benzyl chloromethyl ether in 10 mL of dry THF was then 
added, and the mixture was stirred a t  0 "C for 1 h and then poured 
into 50 mL of saturated NaCl solution. The mixture was acidified with 
10% HCl and the organic layer separated. The aqueous solution was 
extracted twice with 25-mL portions of ether, and the combined or- 
ganic layers were dried over Na2S04, filtered, and evaporated to give 
6.3 g of a light yellow oil. The material was purified by passing through 
a silica gel column (35 X 3.5 cm), with CHCl3 as the eluent, to give 4.42 
g (70%) of 3 as a colorless oil. The material could be further purified 
by distillation [bp 135 "C (0.01 Torr)]. 

Anal. Calcd for C14H1804: C, 67.18; H, 7.25. Found: C, 67.00; H, 
7.13. 

3-Oxo-4-trimethylenedithiovaleronitrile (23). To a solution 
of 16.7 mL (40 mmol) of a 2.4 M solution of n-butyllithium in 10 mL 
of dry THF,  stirred under nitrogen a t  -70 "C, was added dropwise 
a solution of 1.64 g (40 mmol) of dry acetonitrile in 10 mL of dry THF. 
After addition was complete, the mixture was stirred a t  -70 "C for 
1 h, during which time a milky white suspension formed. To this was 
added a solution of 3.92 g (20 mmol) of acid chloride 14 in 10 mL of 
dry THF. After addition was complete, the mixture was stirred at -70 
"C for 0.5 h, allowed to warm to room temperature over 0.5 h, and 
poured into 50 mL of 10% HC1. The organic layer was separated, and 
the aqueous phase was extracted twice with a total of 25 mL of ether. 
The combined organic layers were dried over Na2S04, filtered, and 
evaporated, leaving a brown oil. Distillation under reduced pressure 
afforded 3.46 g (86%) of a colorless oil, bp 148-150 "C (0.05 Torr), 
which solidified upon cooling; mp 50-53 "C. Recrystallization from 
benzene/cyclohexane afforded 23 as white needles, mp 59-60 "C. 

Anal. Calcd for CBHllNOS2: C, 47.73; H,  5.51; N ,  6.96; S, 31.86. 
Found C, 47.92; H, 5.53; N, 6.77; S, 31.90. 
l-Cyano-2-trimethylsilyloxy-3-trimethylenedithio- 1-butene 

(22). Method A. In a dry 50-mL three-necked flask, swept with dry 
nitrogen and equipped with a magnetic stirrer and condenser, was 
placed 2.01 g (10.0 mmol) of 23 and 0.04 g (0.6 mmol) of recrystallized 
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imidazole. Hexamethyldisilazane (10 mL, 43 mmol) was then added 
and the mixture was heated a t  reflux for 2 h. The mixture was con- 
centrated and the residue idistilled under reduced pressure, affording 
2.29 g (84%) of a colorless oil, bp 124 "C (0.05 Torr), which solidified 
on scratching. Recrystallization from cyclohexane afforded 22 as a 
white solid mp 57-58 "C; NMR (CDC13) E 0.32 (s, 9), 1.52 (s, 3), 1.7-2.9 
(m, 6), 5.50 (s, 1); IR (neat) 2210 (nitrile) cm-'. Satisfactory mi- 
croanalytical values could not be obtained for this compound, since 
it hydrolyzed back to 23 with extreme ease (Found: C, 47.63; H, 5.30; 
N, 6.96; S, 32.32; m l e  201)l. 

M e t h o d  B. In a dry 50-mL three-necked round-bottomed flask, 
swept with dry nitrogen and equipped with a magnetic stirrer and 
condenser, was placed 2.76 g (10.0 mmol) of keto ester 2 and 0.04 g 
(0.06 mmol) of recrystallized imidazole. Hexamethyldisilazane (10 
mL, 43 mmol) was then added and the mixture was heated a t  reflux 
for 2 h. The mixture was concentrated and the residue was distilled 
at reduced pressure, affording 2.70 g of a colorless oil, bp 127 "C (0.08 
Torr), which solidified on scratching. Recrystallization from cyclo- 
hexane afforded a white solid, mp 57-58 "C, identical in all respects 
with the material prepared by method A. 

R e g i s t r y  No.-1, 647 14-77-8; 2, 64714-78-9; 3, 64714-79-0; 7, 
18554-39-7; 8, 7424-91-1; 9,64714-80-3; 10,64714-81-4; 11,64714-82-5; 
12, 65714-83-6; 14, 64714-84-7; 15, 64714-85-8; 16, 5849-13-8; 17, 
64714-86-9; 20,64714,87-0; 22,64714-88-1; 23,64714-89-2; propane- 
1,3-dithiol, 109-80-8; imidazole, 288-32-4; tert- butyl ethyl malonate, 
32864-38-3; ethyl chloroformate, 541-41-3; 2-methyl-1,3-dithiarie- 
2-carboxylic acid, 4901-19-3; tert-butyl acetate, 540-88-5; ethyl ace- 
toacetate, 141-97-9; bis(ethylthio)methane, 4396-19-4; bromoacet- 

aldehyde diethyl acetal, 2032-35-1; benzyl chloromethyl ether, 
3587-60-8; acetonitrile, 75-05-8; hexameth yldisilazane, 999-97-3. 
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Commerciaily available Li(C2H5)3BH rapidly and quantitatively cleaves gray elemental Sex in THF to Li2Se or 
LiZSe2, depending upon stoichiometry. Only volatile byproducts (H2 and (CzH&B) are formed. The heterogeneous 
Li2Se and Li:!Sez preparations may be alkylated in 50-95% yield, optimally in the presence of ter t -  butyl alcohol co- 
solvent. This one-flask procedure constitutes a substantial improvement over conventional dialkyl selenide and 
dialkyl diselenide syntheses. L ~ ( C Z H ~ ) ~ B H  (2  equivl also effects reduction of diselenides to selenolates, which may 
be alkylated to give unsymmetrical selenides. 

During the last few years, organoselenium compounds1 
have emerged as important reagents and intermediates in 
organic synthesk2 Starting materials for their preparation 
are often symmetrical selenides (R2Se) and diselenides 
(R2Se2). Hence, convenient high-yield syntheses of these key 
parent molecules are desirable. Current meth~dology,~-l* 
however, suffers from various combinations of (a) low yields, 
(b) lack of demonstrated generality, (c) cumbersome manip- 
ulations, and (d) the use of toxic and malodorous HzSe. 

During the course of another research project underwa) in 
this laboratory, it was discovered that commercially available 
trialkylborohydrides such as Li(CZH&BH effect rapid re- 
ductive cleavage of several types of metal-metal bonds in THF 
a t  room temperature.lj As a result, we were able to develop 
a preparation for metal carbonyl monoanions from the cor- 
responding metal-metal dimers (eq 1)15 which is substantially 
more convenient than existing procedures.16 

L, (CO), M-M(CO), L,, + 2Li(CzH5):3BH - 2Li[L,,(CO),Ml + 2(CzH&B + H2 (1) 

Consequently, one objective of this study was to determine 
if trialkylborohydrides could be used in metalloid anion 
synthesis. Due to the independent need for several organo- 
selenium compounds in our laboratory, we decided to inves- 
tigate the feasibility of LizSe and LizSe2 syntheses from gray 
elemental selenium. Dialkyl selenides and dialkyl diselenides 
would be available via the transformations depicted in eq 
2-5. 

Se + 2Li(CzHS)3BH - Li2Se + 2(CZH5)3B + H2 (2) 

Li2Se + 2RX - RzSe (3) 

2Se + 2Li(C2H5)3BH --* Li2Se2 + ~ ( C ~ H S ) ~ B  + Hz (4) 

Li2Sez + 2RX - R2Se2 ( 5 )  

We report in this paper that symmetrical dialkyl selenides 
and diselenides can be conveniently prepared in a one-flask 
operation in good to high yields via the simple sequences de- 
picted above. Unsymmetrical dialkyl selenides are also easily 
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