1262 J. Org. Chem., Vol. 41, No. 7, 1976

Table I. Phosphorylation by Means of Bis(O-thiocarbonyl)
Disulfides and Triphenylphosphine

Compd Alkyl Yield, %, of 6 Ry value®
6a Ethyl 84 0.82
6b n-Propyl 82 0.84
6c n-Butyl 85 0.86
6c n-Buty! 83b 0.85
6c n-Butyl 63¢ 0.86
6d n-Pentyl 83 0.87
6e Benzyl 76 0.86

@ Paper chromatography was performed by the desending tech-
nique using Toyo Roshi No. 51 paper. Solvent system used was 2-
propanol-concentrated ammonia~water, 7:1:2 (A). ® Three equiva-
lents each of reagents, bis(n-butyl) dithiobis(thioformate) and tri-
phenylphosphine, were used. ¢ One equivalent each of reagents, bis
(n-butyl) dithioformate and triphenylphosphine,

Table II. Solvent Effects in Phosphorylation by Means of
Bis(n-butyl)dithiobis(thioformate) and Triphenylphosphine

Solvent Yield, %, of 6¢ Solvent Yield, %, of 6e¢
THF ' 85 Dioxane 78
Pyridine 85 CH;Cl, 80
DMF 87 CHCl; 78
CH3CN 70

In a similar manner, various mixed diesters of phosphor-
ic acid (6) were obtained in high yields (see Table I).

The effect of the solvent was examined in order to find a
suitable condition for the preparation of 6¢. Of various sol-
vents examined, it was found that the yield of 6¢ decreased
when dimethylformamide (DMF) is used as the solvent
(see Table II).

In the above reactions, it was shown that the yields of 6
depend on the amount of 1 and 2. As an example, when p-
nitrophenyl phosphate was treated with 3 equiv each of l¢
and 2, the result was almost the same as those obtained
when 5 equiv each of 1¢ and 2 were used. However, when 1
equiv each of l¢ and 2 were used, the yield of 6¢ remark-
ably decreased (see Table I).

Finally, the synthesis of 3’-O-acetylthymidine 5'-ethyl
phosphate was attempted. When 3’-O-acetylthymidine &’-
phosphate was treated with 3 equiv each of bis(ethyl) di-
thiobis(thioformate) (la) and 2 in dry pyridine at room
temperature for 8 h, the corresponding 3’-O-acetylthymi-
dine 5'-ethyl phosphate was obtained in 98% yield.

In conclusion, it was noted that this type of phosphoryl-
ation was found to be effective for the preparation of pure
mixed diesters of phosphoric acid in good yield under mild
condition. Differing from the case of the phosphorylation
with the use of dicyclohexylcarbodiimide, trichloroacetoni-
trile, or 2,2'-dipyridyl disulfide and triphenylphosphine,
this reaction proceeds without the formation of by-product
such as symmetrical pyrophosphate to afford the phospho-
rylated products in high yields.

Further studies on the synthesis of carboxylic esters are
now in progress.

Experimental Section

Descending paper chromatography was performed on Toyo
Roshi No. 51 or 51A paper using the solvent system 2-propanol-
concentrated ammonia-water, 7:1:2 (solvent A), or 1l-butanol-
water—concentrated ammonia, 84:16:1 (solvent B). The R; values
of different compounds are given in Table I. Paper electrophoresis
was performed in a high-voltage apparatus using Toyo Roshi No.
51A paper and 0.05 M phosphate buffer at pH 7 or 8. The phos-
phorus compounds were detected by means of a spray of Hanes—
Isherwood reagent® on paper. Bis(ethyl) (1a), bis(n-propyl) (1b),
bis(n-butyl) (le), bis{(n-pentyl) (1d), and bis(benzyl) dithiobis-
(thioformate) (le) were prepared by the procedures in the litera-
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ture.”® p-Nitrophenyl phosphate was prepared by the method of
Hata.? Triphenylphosphine was obtained from a commercial
source and purified by recrystallization, 3’-O-Acetylthimidine 5'-
phosphate was prepared by acetylation of thymidine 5’-phosphate
with acetic anhydride in dry pyridine.

General Method. Reaction of p-Nitrophenyl Phosphate
with Bis(O-thiocarbonyl) Disulfide and Triphenylphosphine.
To a solution of p-nitropheny! phosphate (21.9 mg, 0.1 mmol) and
bis(O-thiocarbonyl) disulfide (1, 0.5 mmol) in dry tetrahydrofuran
(1 ml), triphenylphosphine (2, 131 mg, 0.5 mmol) was added with
vigorous stirring at room temperature for 2 h. To the reaction mix-
ture, 1 ml of water was added and then the mixture was stirred at
room temperature for several minutes. The mixture was then con-
centrated to dryness and the residue was dissolved in water (10
ml). Chromatography was performed on paper using solvent A and
B for development. Yield of the compound 6 was determined spec-
trophotometrically using Amax (H20) 291 nm (e 10 000) (pH 7) for
alkyl p-nitrophenyl phosphate (6). The results are summarized in
Tables I and IL.

3'-0-Acetylthymidine 5'-Ethyl Phosphate. To a solution of
3’-O-acetylthymidine 5'-phosphate (d-pTOAc, 0.5 mmol) and bi-
s(ethyl) dithiobis(thioformate) (1a, 363 mg, 1.5 mmol) in dry pyri-
dine (2.5 ml), triphenylphosphine (2, 393 mg, 1.5 mmol) was added
and the mixture was kept standing at room temperature. After 8 h,
water {5 ml) was added and then the solution was stirred at room
temperature for several minutes. The mixture was then concen-
trated to dryness and the residue was dissolved in water (25 ml)
and extracted with ether (three 20-ml portions). The aqueous layer
was evaporated to dryness, and the residue was dissolved in water,
converted into the sodium form, evaporated to dryness, and dis-
solved in dry methanol (10 ml). Addition of dry ether (200 ml) gave
a precipitate which was collected and dried in vacuo to give 252 mg
(98%) of 3'-O-acetylthymidine 5-ethyl phosphate as a white solid:
uv (pH 7) Apax (H20) 268 nm (e 9600). Paper chromatography (sol-
vent A) Ry 0.72, Paper electrophoresis (0.05. M phosphate, pH 8)
Rd-pT 0.54. Anal. Caled for Cy4HgoPOy9NoNa-1.5H,0: C, 31.08; H,
4,29; N, 5.18. Found: C, 31.17; H, 4.35; N, 5.23.

Registry No.—la, 502-55-6; 1b, 3750-28-5; le, 105-77-1; 1d,
869-91-0; le, 23363-97-5; 2, 603-35-0; 6a, 17659-67-5; 6b, 18123-
85-8; 6¢, 18123-87-0; 6d, 29690-44-6; Ge, 18123-91-6; d-pTOAc,
4304-30-7; p-nitrophenyl phosphate, 330-13-2; sodium 3’-O-acetyl-
thymidine 5'-ethyl phosphate, 57821-08-6.
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In recent years considerable attention! has been given to

the possibility of controlling insect pests by interfering
with the action of certain hormones that regulate normal



Notes

development. Interest in particular has been focused on
methyl trans,trans,cis-10,11-epoxy-7-ethyl-3,11-dimethyl-
trideca-2,6-dienoate, which is one of two juvenile hormones
occurring naturally in the silk moth Hyalophora cecropia.?
In attempts to discover potentially more effective agents
that possess activity similar to the latter chemical, a large
number of organic compounds have been synthesized and
evaluated as mimics of the natural product.! Among the
more potent of the synthetic juvenile hormone mimics re-
ported to date is 7-ethoxy-1-(p-ethylphenoxy)-3,7-di-
methyl-2-octene (6) (called JH-25),% a facile synthesis of
which is reported in this note.

In the previous synthesis® of JH-25 (6), the 7-ethoxy sub-
stituent was introduced in the last stage by a two-step pro-
cess involving ethoxymercuration of 1-(p-ethylphenoxy)-
3,7-dimethyl-2,6-octadiene, followed by demercuration
using sodium borohydride. In order to expedite matters
and avoid the problem of selective electrophilic addition to
the latter diene, this same functionality was conveniently
.introduced at an early stage by acid-catalyzed addition of
ethanol to the commercially available* 6-methyl-5-hepten-
2-one (1). Although this reaction proceeded quite slowly in
relationship to the corresponding methanolysis® of keto
olefin 1, 6-ethoxy-6-methyl-2-heptanone (2) could be ob-
tained in approximately 60% yield after purification via
fractional distillation. Subsequent addition of vinylmag-
nesium chloride to ketone 2, followed by rearrangement of
tertiary vinyl carbinol 3 using phosphorus tribromide, pro-
ceeded smoothly to afford the primary allylic halide 5. The
synthesis was completed by treatment of the latter (5) with
p-ethylphenol (4) and potassium carbonate in acetone to
yield, after purification by fractional distillation, JH-25 (6)
in 54% overall yield from keto ether 2. The NMR spectrum
and physical properties of the final product were fully con-
sistent with those previously reported3 for this juvenile
hormone mimic.

Scheme I

" 1. CH,CH,0H, H,80,
(CH,),C=CHCH,CH,CCH; T OR—CHMzCl

1
R,
1. PBr, C:HN
(CH)C—(CHXCCH, e
CH,CH,
OCH,CH; R,
2, R, R, =0 2, . K,CO,
3, R, =0H; R, = CH==CH,
OH
4
CH,

(CHd)QC(CH2)3C=CHCHZY

OCH.CH, -
5 7Y =DBr

6 Y= O——@-—CHQCHJ;

Since the E stereoisomer of JH-25 (6) is the one neces-
sary for maximum biological activity, the stereochemistry
of the final product was ascertained both by VPC and
NMR analysis, and the E/Z ratio was found to be 75/25.
Since the stereochemistry of the A23 double bond is deter-
mined during the allylic rearrangement of tertiary vinyl
carbinol 3 to the primary allylic bromide 5, these results in-
dicate, not surprisingly, that such allylic transpositions
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OH
PBr,
RCR! —
CH==CH,
7 Br
R
>C=CHCH2Br + RCR!
Rl
8 CH==CH,
(E and Z mixture (CH,),C(CH,);
when R# RY) 9,R = CH; R = l

‘OCH,CH,
(i.e., 7 — 8) do not necessarily proceed stereoselectively.
Previous reports of this same type of rearrangement in the
literature® fail to mention the stereochemistry of the rear-
ranged double bond, although the implication is that it has
the E (trans) configuration.

In an attempt to improve the yield and the stereoselecti-
vity of the rearrangement step (3 — 5), the reaction was
run at =70 °C and the results were compared with those
obtained using a reaction temperature of =5 °C. The low-
temperature reaction gave an increased material balance
(92% vs. 79% when run at —5 °C), but the crude product
contained approximately 30% of the unrearranged tertiary
vinyl bromide 9. Since the latter compound (9) affords a
mixture of uncharacterized dienes in the next step of the
synthesis, JH-25 (6) was produced in comparable yield in
both cases. Furthermore, VPC and NMR7 analysis indicat-
ed that the final product (6) was a 75:25 mixture of E.Z ste-
reoisomers, irrespective of the temperature at which the re-
arrangement was effected.

Experimental Section?

6-Ethoxy-6-methyl-2-heptanone (2). Concentrated HySO4
(7.0 ml) was added dropwise over a period of 10 min to an ice-cold
solution of 16.94 g (134 mmol) of 6-methyl-5-hepten-2-one? in 51.5
ml (880 mmol) of absolute ethanol. After this mixture was stirred
at room temperature for 70 h, it was poured into 400 ml of water
and the product was isolated in the usual manner® by extraction
with methylene chloride. Fractional distillation afforded 13.21 g
(57%) of keto ether 2: bp 51-55 °C (0.25 mm); 98% pure by VPC
analysis,? oven temperature 133 °C, retention time 4.2 min; vmay
(film) 1715 (C==0), 1252, 1204, 1167, 1150, 1130, 1107, 1067, 945
em™Y; OMesi (CCly) 3.32 (quartet, J = 7 Hz, OCHCHa), 2.06 (s,
0=CCHy), 1.11 (s, 6 H, geminal CHy’s), 1.09 ppm (t, J = 7 Hz,
OCH,CHj3). Anal. Caled for CioHz2005: C, 69.71; H, 11.70. Found:
C, 89.70; H, 11.70.

7-Ethoxy-3,7-dimethyl-1-0cten-3-0l (3). A solution of 1.730 g
(10.03 mmol) of ketone 2 in 6.0 ml of anhydrous ether was added
dropwise over a period of 5 min to 6.0 ml of 2.2 M vinylmagnesium
chloride-tetrahydrofuran solution, cooled to 0 °C in an ice water
bath. After this mixture was stirred at 0 °C for 20 min, the reaction
was quenched by dropwise addition of saturated aqueous NH,Cl
solution. Extraction® of the product with ether, followed by evapo-
rative distillation, afforded 1.794 g (89%) of tertiary vinyl carbinol
3: bp 60-73 °C (bath temperature, 0.08 mm); vmax (film) 3460
(OH), 3115, 1635 (C==C), 1240, 1185, 1160, 1105, 1060, 985, 940,
905 em™Y; dme,si (CCL) 5.87 (CH=CHy, Jac = 10, Jpc = 18 Hz),
5.29-4.85 (CH==CHy,, rest of ABC pattern'®), 3.31 (quartet, J = 7
Hz, OCH2CH3), 1.22 (s, HOCCHj3), 1.10 (s, 6 H, geminal CHy’s),
1.10 ppm (t, J = 7 Hz, OCH2CH3s). Anal. Caled for CioHo409: C,
71.95; H, 12.08. Found: C, 71.76; H, 12.06.

1-Bromo-7-ethoxy-3,7-dimethyl-2-octene (5). A solution of
0.25 ml (2.63 mmol) of PBrs in 5.0 ml of anhydrous ether was
‘added dropwise slowly over a period of 10 min to a solution of 560
mg (2.79 mmol) of tertiary vinyl carbinol 3 and 0.25 ml of dry pyri-
dine in 15 ml of pentane and 10 ml of anhydrous ether, maintained
at a temperature of —70 °C using a dry ice-isopropy! alcohol bath.
After this mixture was stirred at ~70 °C for 70 min, it was poured
into 25 ml of ice water and the product was isolated® by extraction
with pentane. To ensure removal of the pyridine, the extracts were
washed twice with 5% (v/v) aqueous HsSO4. The yield!! of color-
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less oily bromide (5 and 9), too unstable to purify and therefore
used directly in the next step, was 671 mg (92%): vmax (film) 1655
(C==C), 1245, 1200, 1150, 1110, 1070, 950 ecm™; Sme,si (CCly), 5.49
(t, J = 8.5 Hz, C==CH), 3.93 (d, J = 8.5 Hz, CHBr), 3.30 (quartet,
J =T Hz, OCH.CHgy), 1.78 (“Z” vinyl CHg), 1.73 (“E” vinyl CH3),
1.11 (s, 6 H, geminal CHj’s), 1.10 ppm (t, J = 7 Hz, OCH,CH3).
NMR analysis indicated that approximately 30% of the bromide
mixture consisted of tertiary vinyl bromide 9, characterized by
peaks at 6.33, 6.17, 6.05, and 5.88 ppm (CH=CH,) as well as a sin-
glet (Wi = 1.4 Hz) at 1.83 ppm (BrCCHa).

7-Ethoxy-1-(p-ethylphenoxy)-3,7-dimethyl-2-octene (6). A
mixture of 666 mg (2.53 mmol) of crude bromide 5, 3.5 ml of ace-
tone, 350 mg (2.86 mmol) of 4-ethylphenol, and 1.36 g of anhy-
drous KoCOj3 was stirred vigorously at room temperature for 15 h.
Isolation of the product by extraction® with pentane, followed by
fractional distillation, afforded 506 mg (66%) of JH-25 (8): bp
120-140 °C (bath temperature, 0.056 mm); >97% pure by VPC
analysis,® oven temperature 225 °C, E/Z ratio 75/25, retention
times 8.2 (Z), 9.4 min (E); vyax (film) 1665 (C=C), 1610, 1578,
1505, 1240, 1225, 1167, 1105, 1065, 1000, 950, 817 cm™1; Spme,si
(CCly) 6.81 (AB quartet, 4 aryl H, peaks at 7.05, 6.91, 6.74, 6.59),
5.43 (t, J = 6 Hz, C=CH), 4.43 (doublet, J = 6 Hz, CH20Ar), 3.27
(quartet, J = 7 Hz, OCHyCHj), 2.56 (quartet, J = 7 Hz,
ArCH,CHsg), 1.77 (“Z” vinyl CHj), 1.71 (s, “E” viny! CHjy), 1.09 (s,
6 H, geminal CHy's), 1.08 ppm (t, J = 7 Hz, 2 CH3).

Registry No.—1, 110-93-0; 2, 51079-72-2; 3, 57762-04-6; 4, 123-
07-9; 5, 51079-70-0; (E)-6, 52730-76-4; (Z)-6, 57762-05-7; 9, 57762-
06-8; PBr, 7789-60-8.
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In previous papers we have shown that nucleophilic sub-

stitution at phosphorus in phosphates is strongly in-
fluenced by added cations.}2 We wish to report additional

Notes
Table I
Retention, Inversion,
Solvent Added salt % %
a CH;CN 0 8.8 91.2
b CH;CN LiCl04 (1 equiv) 96.1 3.9
c CH3CN Mg(ClOy): (1 equiv) 0 100
d CH3sCN KCl104 (1 equiv) 0 100
e Benzene 0 40.8 59.2
f CH3CN LiCl0; (* equiv) 88.3 11.7
g Tetrahydro-  LiClO4 (1 equiv) 78.6 21.4
furan
h CH3CN (CoHs)sN*CHy- 38.4 61.6
CegH:sCl™ (1 equiv)
i CH3iCN (CoH3)sN*TCH,- 94.5 55
CeHsCl™ (1 equiv)
+ LiClOy (1 equiv)
i CHsCN LiCl (1 equiv) 87.5 12.5

observations in this area and present a possible rationaliza-
tion for them. As before, the conformationally immobile 2-
substituted 5-chloromethyl-5-methyl-2-0x0- or 2-thio-
1,3,2-dioxaphosphorinan systems were employed as sub-
strates.? Inversion or retention at phosphorus upon substi-
tution can conveniently be determined by NMR spectros-
copy. Hydrogens on groups at the 5 position have different
chemical shifts depending upon whether they are axial or
equatorial.*

We have found that we can control the stereochemical
pathway in at least one system (Scheme I) by the judicious
selection of the cation, Table I.

Scheme 1
CH,Cl1

CH;
+ CHOCH.0H +
Np=0

|

Cl
CH,Cl

~CH)NHCl  CHy 0
(CH:)N ———> 0 \ +
Sp=0

0C:H,0CH,
cis
OCH,0CH,

I
c1CHQ%ig
CH,

trans

The combined product yields are greater than 90% with
the product ratio unaffected by work-up procedures. The
small yield of minor isomer in those cases where it is ob-
tained may be due to prior isomerization of starting materi-
al by chloride ion formed as by-product. Thus, under iden-
tical reaction conditions the phosphorochloridate is slowly
isomerized by slightly soluble triethylammonium chloride
with 3 days required to establish equilibrium. In contrast
substitutions are over in a matter of minutes. Prior isomer-
ization would be expected in h where a soluble quaternary
chloride is employed.

Strangely, the starting phosphorochloridate does not
isomerize when triethylamine is added to acetonitrile or
chloroform solutions. This behavior contrasts with the ac-



