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M-The extraordii accekra& effects of arylaulfiiyl, arylsulfonyl, and diphenylphosphinoyl carbanion 
suhstituents for cyclohutene ring-opening reaction of bicyclo[4.2.Oloct-l(6)cne derivatives are descrii. The 
scope and limitation of this new type of reaction, and the application of the dkncs so generated by this method for 
the synthesis of vitamin 4, are slso discusd. 

Because of the important therapeutic value of vitamin D 
in treating disorders of. calcium and phosphorus 
metabolism, considerable attention has been directed 
toward the chemistry of vitamin D causing the discover 
of high biologically active vitamin D derivatives’ and 
increased activity in its synthetic chemistry.’ Recently it 
has become clear that the primary requirement for 
activity in vitamin D analogues is the presence of a 
1 a-hydroxyl group3 and synthetic 1 a-hydroxycholecal- 
ciferol (1) is now being used in the clinical treatment of 
nephritic bone disease in humans.’ Because of these 
facts, much attention has been focussed on the synthesis 
and reactivity of A-ring having diene system of vitamin 
D. 

The thermal ring opening reaction of cyclobutenes 
(eqn 1) has been proven to be one of the most useful 
reactions for generating such diene systems and widely 
used in the synthesis of natural products.’ Our entry to 
such systems is based on the observations on the excep- 
tionally facile ring-opening reaction of cyclobutenes, 
facilitated by arylstinyl, arylsulfonyl, and diphenyl- 
phosphinoyl carbanions (eqn 2). Especially, the finding of 
the last case (eqn 2) enabled us to apply this reaction to 
the synthesis of vitamin D series. 

Here, we wise to report the anion facilitated ring 
opening reactions of cyclobutenes and its application to a 
synthesis of vitamin DJ with full experimental details. 

RMUL’TS AND DI8CUssION 

Ring-opening reactions of cyclobutencs facilitated by 

orylsulfinyl and arylsuljonyl carbanions. 

The synthesis of compounds (IO)-(V), was straightfor- 
ward (Scheme 2). Birch reduction of benzocyclobutenyl- 
methyl alcohols (2)’ and (3),* followed by ketalization, 
afforded (4) and (s) respectively which were subsequently 
treated with tosyl chloride in pyridine to give tosylates (6) 
and (7). Each compound (10 and 11) was prepared by a 
reaction of (6) with sodium toluene-p-sulfinate in the 
presence of sodium iodide and by treating (g), which was 
derived from Q, with sodium toluene-p-suf6nate. The 
compounds (13)and (12) were obtained from (8) through (9) 
by successive treatment with sodium thiophenolate and 1 
and 2 equiv of mchloroperbenzoic acid, respectively. The 
cyclobutenes thus obtained were subjected to the ring- 
opening reaction and the results are shown in Table 1. 

A very attractive feature of this method of diene 
generation is that alkylation of (13) and (12). invOh& 
essentially the same conditions as for ring-opening reac- 
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s&me 1. 

1123 



1124 HIDEO N~MOTO et al 

(2): R'=oMe; w=H 
(3): R'aEq s"=oMe 

(4): x=:1; Y=Hn 

(5): X=Ha; Y=ool 

xs R 
X 

Y' 
- (10) 

(6): ~$1; Y=Hn; FGoTs 

0: xlt;l,; v-o,]: R=OTs 

Tab& 1. 
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tions of cyclobutenes, n-BuLifIHP, can be carried out at 
-78”. at which temperature the cyclobutene ring remains 
intact. Thus, compounds (15) and (14) were obtained 
from (13) and (12), respectively, in almost q~ti~tive 
yietd by using 1.2 equiv of n-Buti and 1.2 equiv of 
methyl iodide, and 2.2 equiv of base and electrophile 
were used for (17) and (16). The cyclobutene ring-open- 
ing was usually carried out at -30” by using n-BuLi as a 
base (Table 1) and the products obtained, for example, 
compound (19) showed typical exomethylene protons as 
a distorted triplet at 55.4 in its NMR and was also 
converted into dienone (W) by treatment with acid for 
confhming the structure of (19). In case of suifoxy 
compounds (13) and (15), the products which were for- 
med by treating them under the same reaction conditions 
as for the sulfonyl compounds were (21), (22) and (24). 
respectively. The formation of (21) and (24) could be 
explained by the intervention of double [2,3] si~a~opic 
rearrangement of the initial products (26) and (27) via 
(29) and (29). Actually, the compound (22), which resul- 
ted from nucleophilic substitution of the phenyl group of 
compound (13) by n-butyl carbanion on treatment with 
n-BuLi followed by ring-opening, was transformed 
quantitatively into compound (31) on standing at room 
temperate via (30). In case of the compound (13), 
Iithium d~sopropyl~ide was also used as a base in place 
of n-BuLi under the same conditions to give compound 
(21) as sole product. 

It is clear that the presence of an active hydrogen 
adjacent to the arylsulfinyl or arylsulfonyl group is criti- 
cal for this new riug-opening reaction of cyclobutenes, 
since compounds (16) and (17), which have no active 
hydrogen, were recovered unchanged when subject&l to 
the above treatment. Thus, we could establish the 
generality and limitation of a new method for generating 
the A-ring having labile diene system of vitamin D from 
rather stable cyclobutenes under extremely mild con- 
ditions. Our next task is the application of this new 
method for the synthesis of bioIo~~Iy impo~nt 
vitamin Ds and will be discussed in the next section. 

Ring-opening reactions of cyclobutenes facilitated by 
diphenylphosphinoyl carbanion. Total synthesis of 
vitamin D3 

From the outset of our work in the synthesis of 
vitamin Ds, we envisioned a direct application of cyclo- 
butene ring-opening reaction facilitated by sutfonyl car- 
banion discussed in the preceeding section via Julia 
alkene synthesis9 through compounds (35) (R = AC, 
MeS02, p-Tos, etc.) leading to compound (36) as a model 
compound of vitamin D,. Compound (32), which was 

prepared by the treatment of (10) with cyclohexanone 
tmder basic conditions, was subjected to the cyclobutene 
ring-opeuing reaction under the same reaction conditions 
as descrii in the preceeding section but failed to give 
compound (34). Then, the conversion of compound W), 
which was obtained by the condensation of (18) and 
cyclohexanone under the same reaction conditions as for 
(32), into compounds (3s) (B = AC, MeS02, p-Tos) was 
tried but could not be achieved. This was also the case 
for the conversion of (32) into (33)” 

Next, our attention turned to investi~tion of develo- 
ping another type of activating group which is suitable 
for cyclobutene ring-opening reaction and also alkene 
synthesis. Several compounds were envisioned as 
potentially useful for this purpose and we chose 
diphenylphosphinoyl group as a promising activating 
group.” Before beginning the work on vitamin D>, we 
first investigated the preparation of diphenyl- 
phosp~oylcyclobutenes and their ring-opening reac- 
tions. Thus compound (3s) was prepared by treating (6) 
with NaBr in DMF, followed by successive treatment of 
the resulting bromide (37) with lithium diphenyl- 
phosphide and 5% H202. Compound (39) which was 
obtained by successive treatment of 2 with Na in liq. 
NH3, tosyl chloride in p~dine, 10% HCI in acetone, and 
NaBH, in MeOH, reacted with benzoyl chloride in pyri- 
dine and then NaBr in DMF to give compound (r0) 
which was converted into (41) by following the same 
procedure as for (37) to (3s). Hydrolysis (NaOH, MeOH) 
of (41) afforded (42) which on reaction with ethyl vinyl 
ether gave compound (43). 

~phenyIphosphinoylcyclobutenes (38), (41), (42) and 
(43) were subjected to the ring-opening reaction under 
the reaction conditions described in Table 2 and we learned 
that reaction proceeded smoothly in the same manner as 
arylsulfinyl and arylsulfonyl cases mentioned in the 
preceding section but prolonged reaction time was 
required. 

Having a solution the first question if diphenyl- 
phosphinoyl carbanion facilitates the cyclobutene ring- 
opening reaction, we have carried out Horner reaction of 
phosphine oxide (44) with cyclohexanone, 2-methyl- 
cyclohexanone, and Grundmann’s ketone” (49). and the 
triene (47),” (rS)” and (50) were obtained. ‘Ihe geometry 
of triene systems of these com~unds was assigned 
tentatively based on the NMR spectra (see Experimen- 
tal) which are typical of triene system of transtholecal- 
ciferol?b Since the direct conversion of compound (SO) 
into trans-vitamin D, (55) via (51) was not achieved 
because of the instability of (So) on acid treatment, we 
made a detour to reach compound (55). Of the reported 
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(22): R’=H, lv=%u (21): R’=H, R*=Ph 
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(25): R’=H, R’=Ph 

(27): R’=Me, R’=Ph 
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(24): R’=Me. R’=Ph 
(31): R’=H, R-‘&I 

(13): R=H 
(15): R=Me 

Scheme 3, 
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Scheme 4. 

method” for protection of the labile triene part of reduction with NaBH, aflorded alcohol (54) as a dias- 
vitamin D, cheletropic reaction of sulfur dioxide was tereoisomeric mixture. The extrusion of sulfur dioxide of 
envisioned as one of the useful methods because of easy (54) effected by heating (54) in EtOH in the presence of 
manipulation and mild reaction conditions.” Sulfur NaHCOJ, gave truss-vitamin D, (55) after careful 
dioxide adduct (52), prepared by treating (SO) with sul- puritication of the crude product. The product thus 
furous acid was hydrolyzed to give ketone (53) which on obtained was identical with the authentic sample pre- 
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Qsx 
(37): X= r 

(38): X= ‘b Pha 

b 
Scheme 5. 
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(39): R’=H; R2=OTs 
(40): R’=COPh; R*‘=Br 

r 

pared from vitamin D, (57) via sulfur dioxide adduct 
(56)“’ followed by extrusion of sulfur dioxide.16 Since the 
selective one-way isomer&ion of fruns-vitamin Ds (55) 
to vitamin D, (57) has been known,” this work con- 
stitutes also the total synthesis of vitamin D, (57). 

CONCLUSION 

We disclose a new method for the generation of rather 
labile and reactive diene systems from chemically more 
stable cyclobutene derivatives, which have suitable 
functional groups (suliinyl, sulfonyl, and diphenyl- 
phosphinoyl) for further manipulations, under extremely 
mild conditions. Electrophilic reaction at adjacent posi- 
tion to functional groups could be carried out under the 
same reaction conditions as for ring-opening reaction by 
simply controlling the reaction temperature. The diene 
system thus generated could be used efficiently for the 
synthesis of vitamin D,. 

GmcraJ mthods. Au melting points are uncorrected. htfrared 
@) spectra were recorded on a Hitachi EPI3 spectropho- 

tometer. Nuclear magnetic remaance (NMR) spectra were 
measured on a JEOL JNMPMX40 spectrometer. Chemical 
shifts are reported as 6 values relative to internal tetramethyl- 
sikne (Me,%). Mass spectra were taken on a Hitachi M-52G 
spectrometer. All optical rotations were measured in chloroform 
solution on a JASCO PIP-SL pnkrimeter using a ldm cell. 
Column chromatography was performed on silica gel. Anhy- 
drous sodium stdphate was used for drying solutions. 

44 - (Ethylmedioxy) - I - hydrvxymrthyfbicyclo[4.2.O]octa - 
l(6) - ene (4). To a stirred solution of 44g (0.268 mol) of 5. 
methoxybenzocyclobutenyhnethano~ (2) in 1.5 L of liquid am- 
monia, 4OOmL of anhydrous tetrehydrofuran, and 1OOmL of 
anhydrous ethanol was added 14.Og (O&J!9 mol) of sodium at 
-78”. Stirring was continued for 15 mitt at -78” and ethanol was 
then added to the reaction mixture. After evaporation of the 
solvent, water was added and the resulting mixture was extrncted 
with benzene. The extract was evaporated to give the residue 
which was dissolved in 500 q L of dichlorometbane. This solution 
was treated with 30 g (0.484 mol) of ethykne glycoi and a cataly- 
tic amount of toluene-p-sulfonic acid for I h at room temperature 
under nitrogen. Usual work-up afforded a crude product which 
was chromatographed using chloroform as eluent to give 52g 
(9946) of (4) as a colorless oil: IR (CHCI,) 3600cm-‘; NMR 
(CCJ,) 63.55 (ZH, dJ= 6 Hz, Cl&OH). 3.83 (4H, s, -QCH, 

6 0 

0 $ 
(47): R=H 
(48): R=Me 

Scheme 6. 
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Scheme 7. 

CH*O); MS m/c: 1% (M’I. (Found: C, 64.20; H, 7.80. Calc. 
for C,,H,60r9.lCHCI,: C, 64.04; H, 7.80%). 

83.28-3.54 (2H, m, CHx-Br), 3.84 (4H, s. -OCH,CH@-)); MS 
m/e: 258 (M), 260 (M+ + 2). (Found: C, 49.12; H, 5.67. Calc. for 

3,3 - (Ethylenedioxy) - 7 - hydrox~me~by~icvc10[4.2.Oloctu - CIIH,,O,B~O.ICHCII: C. 49.18: H. 5.61%). 
l(6) - mc 0. dMethoxybcnuxyclobuten~~e.~~l (3j (44g) 
(0.268 mol) was converted into (8) by following the same method 
described above to give 5211 (99%) of (8) as a colorless oil: IR 
(CHCU 3600 cm-‘; NMR (CCL) S3:55 (2H, d, I = 6 Hz, C&OH). 
3.86 (4H, s, -OCHZCH+); MS m/e 1% (M’). 

4.4 - (Ethylenedioxy) - 7 - bromomethylbicyclo[4.2.0]ocra - I(6)- 
ene (37). To a stirred solution of 3 g (15.3 mmol) of alcohol (4) in 
15 mL of pyridine was added portionwise 3.00 (16.2mmol) of 
tohmne-psulfonyl chloride at room temperature under nitrogen. 
After being stirred for I h, 1OOmL of water was added and 
extracted with henxene. Usual work-up aRorded a crude t&ate 
(6) [NMR (CDCIJ 62.39 (3H, s, CH,), 3.83 (4H. s, -OCH, 
CHG). 4.03 (2H. d. .I = 7 Hz. CH,OTs). 7.22 (2H. d. _I = 8 Hz. 
ArH), 7.70 (2H, d, J = 8 Hz, A&)] which’was dissolved in 100 mL 
of dimethylformamide. To this stirred solution was added 1.6g 
(15.5 mmol) of sodium bromide and heated at 80-85” for 2 h 
under nitrogen. Water (2OOmL) was added to the reaction mix- 
ture, which was extracted with benzene. Usual work-up atforded 
a crude product which was chromatographai using chloroform as 
eluent to give 3.02 g (77%) of (37) as a colorless oil: NMR (Ccl,) 

. ._ _ 
3,3 - (Efhylenedioxy) - ? - io~o&hylbi~yclo[4.2.0]ocfo - l(6) - 

ene (8). Alcohol (5) (38) (15.3 mmol) was treated with 
toluene-p-sulfonyl chloride (3 g) (16.2 mmol) in pyridine (I5 mL) 
to give tosylate (7) which on reaction with sodium iodide (38) 
(2Ommot) in dhnethylfommmlde attorded cnrde mdlde (8) by 
following the same procedure descrii for the preparation of 
(37) mentioned ahove to give 3.7g (80%) of iodide (8) as a 
colorless oil: NMR (CCIJ 83.3-3.55 (2H, q , CHJ), 3.85 (4H, s, 
-OCH,CH,&); MS m/e 306 (M+). 

4,4 - (Ethylenedioxy) - 7 - toluene - p - sulfonylmethylbicy- 
clo[4.2.O]octu - l(6) - are (10). To a stirred solution of 1.35g 
(3.86 mmol) of tosylate (6) in 10 mL of dimethylformamide was 
added 1. I g (4.4 mmol) of sodium toluene-p-suffinate. 4H20 and 
600 mg (4 mmol) of scdium iodide and the mixture was heated at 
80-90” under nitrogen for 2 h. After addition of water, the reac- 
tion mixture was extracted with benzene. Usual work-up gave 
1.15~ (99%) of sutfone (IO) as a colorless oil: NMR (CD&) 
82.45 (3H, s, CH,), 3.93 (4H, s, -OCHzCHzO-), 7.32 (2H. d. 
J = 8 Hz, ArH), 7.76 (2H, d, .I = 8Hz, ArH). (Found: 334.1253 
(M’). CrsH~20dS requires 334.1238). 
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33 - (Ethylenedioxy) - 7 - toluenr - p - sulfonylmethyl- 
bicyclo[4.2.0]octo - l(6) - cne (11). To a stirred solution of 3g 
(9.8 mmol) of iodide (8) in 30 q L of diithylformamide was 
added 2.53 g (10.1 mmol) of sodium toluene - p - sulfhrate~4HsO 
and heated at 70-W undex nitrogen for 2 b. After addition of 
water, the reaction mixture was extracted with ethyl acetate. The 
extract was worked up as usual to lord a crude product which 
was crystallized from ethanol to give 2.8 g (85%) of sulfone (11) 
as colorless needles: m.p. 131-132”; NMR (CCI,) 62.41 (3H, s, 
CH,). 3.1 (2H. broad s. CH,SO*Ts). 3.80 (4H, s, -OCHX&O-), 
7.24(2H, dJ=8Hz, ArH),-7.70 (2H, dJ=8Hz, ArH)_MSm/e 
334 (M+). (Found: C, 64.72; H. 6.80. Calc. for C,&O,S: C, 
64.65; H, 6.63%). 

3,3 - (Ethylenedioxy) - 7 - thiophenoxymethyl- 
bicyclo[4.2.0]octu - l(6) - me (9). To a stirred solution of 600 mg 
(4.5 mmol) of sodii thiophenolate in 3mL of anhydrous 
dimethytformamide was added dropwise a solution of 4OOmg 
(1.3 mmol) of iodide (8) in 2 mL of diiethylformamide at 0” 
under nitrogen and stirred for 2 h. After auenchin~ with saturated 
ammonium-chloride solution, the reaction mixturi was extracted 
with ethyl acetate. Usual work-up gave 370mg (9946) of thio- 
uhenol ether (9) as a colorless oil: NMR (CCL) 63.85 (4H. s. 
&H,CH,O-),. 7.23 (5H, broad s, ArH); ‘MS ‘.mJe 288‘ (M’); 
(Found: C, 70.61; H, 7.00. Cak. for C,,H,O$ C, 70.80; H, 
6.99%). 

3,3 - (Ethylmedioxy) - 7 - benzenesulfoxymethyl- 
bicyclo(4.2.0)octo - l(6) - ene (13). To a stirred solution of 2.4g 
(8.3 mmol) of thiophenol ether (9) in 46 mL of dichloromethane 
was added dropwise a solution of 2.0 g (1 I .6 mmol) of mchloro- 
perbenzoic acid in 20mL of dichloromethane at -78” under 
nitrogen and stirred for 1 h. The dichloromethane layer was 
washed with 10% sodium hydroxide solution and worked up as 
usual to lord a gum which was chromatolpaphed using ethyl 
acetate: dichloromethane (3 : 7 v/v) as eluent to give 2 g (80%) of 
stdfoxide (13) as a colorless oil: NMR (CC&) 82.9 (ZH, m, 
CHrSOPh), 3.85 (4H, s, aH,CH,O-), 7.5 (SH. broad s, ArH); 
MS m/e 304 (M’). (Found: C. 67.34; H, 6.62. Cak. for 
C,,H200$: C, 67.07; H, 6.62%). 

3,3 - (Ethylenedioxy) - 7 - benzenesulfonylmethyl- 
bicyclo[4.2.0]octo - l(6) - me (12). To a stirred solution of 220 mg 
(0.72 mmol) of sulfoxide (13) in IO mL of dichloromethane was 
added dropwise a solution of 175 mg (1.0 mmol) of m-chloroper- 
benzoic acid in IO mL of dichloromethane at -20” under nitrogen 
and stirred for 1 h. The dichloromethane layer was worked up as 
usual to afford a crude product which was chromatoaraohed usinn 
ethyl acetate : benzene (5 : 95 v/v) as eluent to give 150 mg (65%) of 
sulfone (12) as a colorless oil: NMR (CCL) 6 3.15 (2H. broad s. 
CHrS02Ph). 3.83 (4H. s,-OCHzCH20~) 7.4-8.0 (SH,m, ArH): MS 
m/e 320 (M’). (Found: C, 63.55: H, 6.26. Calc. for C,7H200,S: C, 
63.72; H, 6.29%). 

3.3 - (Ethylenedioxy) - 7 - [I - (I - benzenesulJoxy)ethyl]bicy- 
clo[4.2.0)octa - l(6) - ene (15). To a stirred solution of ISOmg 
(0.49mmol) of sutfoxide (13) in 1 mL of anhydrous tetrahydro- 
furan was added 0.38mL of 1.56mol solution of n-BuLi in 
n-hexane at -78” under nitrogen. After being stirred for IO min, 
8Omg (0.56mmol) of methyl iodide was added to the reaction 
mixture at -78” and stirring was continued for 10 min. Saturated 
ammonium chloride solution (5 mL) was added and the reaction 
mixture was extracted with ethyl acetate. Usual work-up 
afforded a crude product which was chromatograohed using ethyl 
acetate:dicNoromethane (1:9 v/v) as eluent togive 125 mg(SO%) 
of sulfoxide (15) as a colorless oil: NMR (CCL) 60.89.0.93 (3H. 
each dJ= 7 Hz.‘CH,), 3.87 (4H, s, -OCH;CH$-), 7.48 (5H‘. rn; 
ArH); MS m/e 318 (M’). (Found: C, 67.63; H. 7.00. Calc. for 
C,sHrZO,S: C. 67.89: H. 6.96%). 

3,3 - (Ethylenedioxy) - 7 - [I - (1 - benzenesulfonyl)ethyI]bicy- 
clo[4.2.0] - octa - I(6) - ene (14). Sutfone (12) (105 mg, 0.33 mmol) 
was treated with 56 mg (0.39 mmol) of methyl iodide by following 
the same procedure as described above to give 75 mg (68%) of 
stdfone (14) as a colorless oil: NMR (CCL) 61.1, 1.2 (3H, each 
dJ = 7 Hz, CH,), 3.86 (4H. s, -OCHrCH@-), 7.4-7.95 (SH, m, 
ArH); MS m/e 334 (M’). (Found: C, 64.80; H, 6.75. Cak. for 
C,&O,S: C, 64.64; H, 6.6396.) 

3.3 - (Ethylenedioxy) - 7 - [ 1 -(I - benzenesulfinyl)isopropyl]bicy- 

cIo[4.2.O]octa - l(6) - me (17). Sulfoxide (13) (200 mg, 0.66 mmol) 
was treated with 2.2 eq. of methyl iodide and 2.2 q. of n-BuLi as 
described for comoound (1s) to nive 19Omn (88%) of sulfoxide 
(17) as a colorless oil: NMR (CC&) 88.95, ‘o.%‘QH, each s, 
CH, x 2) 3.86 (4H, s, -OCH,CHsO-), 7.48 (SH, broad s, ArH); MS 
m/e 332 (M+). (Found: C, 68.92; H, 7.18. Calc. for C&,0$: C, 
68.64; H, 7.2896.) 

3,3 - (Ethylenedioxy) - 7 - [l - (1 - benzenesulfonyl)isopro- 
pyl]bicyclo[4.2.0]octa - I(6) - ene (16). Sulfone (12) (1 IO mg, 
0.34 mmol) was methylated by following the same procedure as 
described for compound (17) to give IO8 q g (91%) of stdfone (16) 
as a colorless oil: NMR (Ccl,) 81.1, 1.2 (3H, each s, CH,x2), 
3.85 (4H, s, -UCHzCH,O-), 7.38-7.96 (5H, m, ArH); MS m/e 348 
(M’). (Found: C. 65.64; H, 7.20. Cak. for Cu,H104S: C, 65.50; 
H, 6.94%). 

Ring-opening reactions 
Compound (10) (Entry No. I in Tab/e 1). To a stirred solution 

of 500 mg (I .5 mmol) of suffone (10) in 7 mL of THF was added 
1.2 mL of 1.5 mol solution of n-BuLi solution in n-hexane under 
nitrogen at -78”. After the reaction temperature was raised to 
-W, stirring was continued for 10 min at the same temperature. 
After usual work-up by using benzene for extraction, the crude 
product was chromatographed using dichloromethane as eluent 
to give 287mg (58%) of diene (18) as a colorless oil: NMR 
(CDCI,) 82.44 (3H, s, CH3,3.88(4H, s, -OCH,CH@-), 4.73 (lH, 
broad s, olefinic proton), 4.90 (lH, broad s, ol&ic proton), 5.47 
(1H. tJ=9Hz. olefinic oroton). 7.28 (2H. dJ=8Hz. ArH). 7.72 
(2H; dJ=8Hz, ArH); (Found: 334.1222 (M+).’ C,&O,S 
requires 334.1237). 

Compound (11) (Entry No. 2 in Tab/e 1). Sulfone (11) (167 mg, 
0.5 mmol) was subjected to the same reaction conditions des- 
cribed for compound (10) to give I50 mg (90%) of diene (19) as a 
colorless oil after chromatography using benzene as eluent: UV 
(EtOH) (log c) 238 run (3.94); NMR (Ccl,) 62.45 (3H, s, ArCHI), 
3.71 (2H, d, J = 8 Hz, CHsSOzTs), 3.83 (4H, s, -OCH,CH,O-), 
4.6 (lH, broad s, oleflnic proton), 4.86 (IH, broad s, olefinic 
proton), 5.4 (lH, distorted t I = 8 Hz, olefinic proton), 7.25 (2H, 
dJ = 8 Hz, ArH). 7.66 (2H, dl = 8 Hz, ArH); MS m/e 344 (hi’). 
(Found: C, 64.90; H, 6.82. Cak. for C1sH220&: C, 64.65; H, 
6.63%). 

Compound (12) (Entry No. 3 in Tab/e I). Sulfone (12) (160 mg, 
0.5 mmol) was subjected to the same reaction conditions as 
described for compound (10) to give 147 q g (92%) of diene (20) 
as a colorless oil after chromatography using benzene as eluent: 
UV (EtOH) (log 6) 237 nm (3.93); NMR (Ccl,) 63.76 (ZH, d, 
J=8Hz, CHfiOzPh), 3.84 (4H, s, -OCH~CH20-), 4.66 (IH, 
broad s, olefinic proton), 4.98 (IH, broad s, olefinic proton), 5.10 
(lH, distorted U = 8 Hz, okfinic proton), 7.40-80 (5H. m, ArH); 
MS m/e 320 (M+). (Found: C, 63.62; H. 6.35. Calc. for 
C,,H,O,S: C, 63.72; H, 6.29%). 

Compound (13) (Entry No. 4 in Table I). Sulfoxide (13) 
(I52 mg, 0.5 mmol) was subjected to the same reaction conditions 
as described for compound (10) to give a crude gum which was 
chromatographed on 5g of silica gel using ethyl ac- 
ctate: dichloromethane (5 :95 v/v) as eluent to give 76 mg (50%) 
of sulfoxide (21) as a colorless oil: UV (EtOH) tlon c) 243 nm 
(4.20); NMR (Cdl,) 63.4 (IH, dJ = 12 Hz, CHSOPh),3.85 (4H, s, 
-OCH,CH,O-), 4.8 (IH, dJ= lOHz, oktinic proton), 5.03 (IH, 
dl= 16Hz, okEnic proton), 6.27 (IH, ddJ= IO and 16Hz, 
olefinic proton), 7.43 (SH, broad s, ArH); MS m/e 304 (M+). 
(Found: C, 66.90; H, 6.55. Calc. for C,,HaoO,S: C, 67.07; H. 
6.62%). 

Further clution with ethyl acetate : dichloromethane (I : 9 v/v) 
as eluent gave 66.7 mg (47%) of sutfoxide (22) as a colorless oil: 
UV (EtOH) (Jog 4) 235 MI (4.96); NMR (CCI,) 83.38 (2H, dJ = 
9Hz. CH,SOPh), 3.9 (4H. s, -OCH,CH,O-). 4.63 (lH, broad s, 
okfinic proton), 4.93 (IH, broad s, olefkic proton), 5.52 (lH, 
tJ = 9 Hz. okfinic proton); MS m/e 284 (M’). (Found: C, 63.60; 
H, 8.72. Cak. for C,sH210$: C, 63.34; H, 8.51%). 

Compoand (14) (Entry No. 5 in Table 1). Sulfom (14) (55 mg, 
0.17 mmol) was subjected to the same reaction conditions as 
described for compound (10) to give 10 mg (31%) of diene (23) as 
a colorless oil after chromatography using benzene as eluent: UV 
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(EtOH) (log c) 240 nm (3.97); NMR (CCL) 61.46 dH, dJ = 7 Hz, 
CHJ, 3.0-3.4 OH, m, CHSOsPb), 3.87 (4H, s, -OCHrCH&-), 
4.67 (lH, broad s, olcfinic proton), 4.94 (lH, broad s, oletinic 
proton), 5.25 (lH, dl = 10 Hz, olefinic proton), 7.5-8.0 (SH, m, 
ArH); MS m/r 334 (M-). (Found: C, 64.72; H, 6.60. Catc. for 
C,sHzzOJ: C, 64.64; H, 6.63%). 

Sulfoxide (13) was also treated with lithium diisopropylamide 
instead of n-BuLi under the same reaction conditions described 
for compound (10) to give compound (21) (75%) after cbromato- 
graphy using benzene as eluent as a single product. 

Compound (15) (Entry No. 6 in Tabfe 1). S&oxide (15) (53 mg, 
0.17mmol) was subjected to tbe same reaction conditions as 
described for compound (10) to give 37 mg (70%) of diene (24) as 
a colorless oil after chromatography using ethyl ac- 
etate:dicblorometbane (5:9S v/v) as cluent: UV (EtOH) (log l f 
253 nm (4.09); NMR (Ccl,) 81.64 (3H, dJ = 5 Hz, CH>), 3.4(iH; 
dJ= 12Hz. CHSOPL). 3.67 (1H. df= 12Hz. CHSOPb). 3.86 
(4H, s, -O?H,CH,O-j; 5.56 (lH,-m, olefinic proton), 5.92 (IH, 
dl = 14 Hz, olefinic proton), 7.3-7.6 (SH, m, ArH); MS n$c 318 
~~).~~~~ C, 68.10; H, 7.11. WC. for C,sHaOrS: C, 67.89; 

kbmekatfon of dfene (22). A solution of 10 mg (0.04 mmol) of 
diene (22) in 1 mL of carbon tetracbIoride was stored for 2 days 
at room temperat~e. Evapo~tion of the solvent afforded a crude 
product which was cbromatograpbed using ethyl ac- 
etate: dicblorometbane (1:9 v/v) as eluent to give 9.8 mg (98%) of 
(31) as a colorless oil: UV (EtOH) (ion cl 2-461~~ (4.17): NMR 
(CCl,) 83.5 (2H, broad s, CH;SO”Bu); 33 (4H, s, &Hs~HsO-), 
5.05 (1H. dJ= 11 Hz. oletlnic nroton). 5.2 (1H. dJ= 16Hz. 
of&tic proton), 6.68 (lH, ddl = -11 and. 16 Hz,’ 01~5nic proton): 
MS de 2E4 (M’). (Found: C, 63.43; H, 8.66. Calc. for 
CIJH2,03S: C, 63.34: H, 8.51%). 

~yd~fys~ of diene (19). To a s&red solution of 111 mg 
(0.33 mmol) of diene (19) in 2 mL of methanol was added 0.2 mL 
of 10% hydrochloric acid at room temperature and stirred for 2 b. 
After addition of water, the reaction mixture was extracted with 
dicblorometbane. Usual work-up of tbe extract gave 89 mg (92%) 
of enone (25) as a colorless oil: IR (CHCQ 1665cm-‘; NMR 
(CCL) 62.03 (3H, s, CH>), 2.43 (3H. s, ArCH& 3.88 (2H, df = 
8 Hz, CH,SO;Fs), 5.73 (IH, s, olefinic proton), 5.85 (IN, distorted 
tJ = 8 Hz, olefinic proton), 7.26 (2H. dJ = 8 Hz, ArH), 7.7 (ZH, 
dl = 8 Hz, ArH); MS m/e 290 (M’). (Found: C, 66.32; H, 6.42. 
Calc. for C,,H.OS: C. 66.19: H. 6.25%). 

.” . . . 

Reaction of sulfone’ (10) wiih cy&huanone. TO a stirred 
solution of 334 mg.(l mmol) of s&one (10) in 3 mL of THF was 
added 1 mL of 1.5 mol solution of n-BuLi in bexane at -78” 
under nitrogen. After being stirred for lOmitt, a solution of 
100 mg f I .02 mmol) of cyclohexanone in 1 mL of THF was added 
to the reaction mixture at -78” and the stirring was continued for 
1 h at -78”. Extraction with benzene, followed by cbromato- 
graphy of the resulting crude product using ~~~ororne~a~ as 
eluent gave 224 mg (52%) of (32) as a colorless oil: IR (CHC&) 
358Ocm.‘; NMR (CD&) 62.46 (3H, s, CH,). 3.94 (4H. s, 
-OCHrCH@-), 7.28 (2H. dl = 8 Hz, ArH), 7.77 (2H, dl = 8 Hz, 
ArH); (Found: 432.1957 (M’). CtlH3201S requires 43X1%8). 

Reaction of dfenr (18) with cycfohexanone. To a stirred solu- 
tion of 350mg (1.05mmol) of diene (1%) in ISmL of THF was 
added 1 mL of 1.5 mol solution of n-BuLi in hexane at -78” under 
nitrogen. After being stirred for IOmin at -78”, a solution of 
103 mg (1.05 mmol) of cyclohexanone in I mL of THF was added 
and the reaction mixture was stirred for I h. After addition of 
water, the mixture was extracted with benzene. Tbe organic layer 
was worked up as usual to afford a crude product which was 
chromato~phcd using dichloromethane as eluent to give 128 mg 
(29%) of (34) as a colorless oil: IR (CHCIJ 358Ocm-‘; NMR 
(CClJ 62.43 (3H. s, CH1) 3.72 (4H, s. -OCH,CH,O-f, 4.68 (lH, 
broad s, olefinic proton), 4.86 (IH. broad s, oleflnic proton), 5.52 
(lH, dJ = 12 Hz, olefinic proton), 7.22 (2H, di = 8 HZ, ArH), 7.60 
(2H, dJ = 8 Hz, ArH). (Found: 432.1999(M*). CNH&,S requires 
432.1971). 

4.4 - (Ethyfenedioxy) - 7 - dioheavfohosohinoyfmethyfbic~ 
cfo[4.2.0]octa - l(6) - ne (3s). To a stirred bolution of 259mg 
(I mmol) of bromide (37) in IOmL of THF was added dropwise 
1.2 mL of I mol solution of litbium dipbenylpbospbide (prepared 
from 4 atm of lithium and cblorodipbenylpbosphine) in THF at 

-20” and stirred for 10min. After quenching with saturated 
ammonium chlotide solution, the reaction mixture was extracted 
with benzene. Usual work-up of the extract afforded a crude 
product which was dissolved in 20mL of chloroform. TO this 
stirred solution was added 5 mL of 5% hydrogen peroxide solu- 
tion at room temperature and stirred for 30 min. A crude product 
resulted from usual work-up of this organic layer was chromato- 
graphed using chlorofo~ as eluent to give 323 mg (85%) of (3s) 
as a colorless oih NMR (Ccl.,) 83.82 (4H, s, -OCHsCHrO-), 
7.27-8.00 (lOH, m, ArH x 2); MS m/e 380 (M); (Found: C, 60.67; 
H, 5.45. Calc. for Cs,HsJ0,P*2.6CHCll: C, 60.71, H, 5.4996). 

4 - Hydmxy - 7 - tofaene - p - su~onyfoxym~hylbic~ 
cfo[4.2.O]octo - l(6) - ene (3). To a stirred solution of 9.3g 
(56 mmol) of alcohol (2) in 150 mL of THF, 1 L of liquid ant- 
monia and 2 mL of anbydrous ethanol was added 3.Og 
(130 mmol) of sodium at -780 and stirred for 1 II. Extraction with 
benzene, followed by usual work-up afforded a crude gum which 
was dissoved in 100 mt of pyridine. To this solution was added 
12g (64.7mmol) of toluene-p-sulfonyl chloride under nitrogen 
and stirred for 2 b at room temperature to give a gum, after usual 
work-up of benzene extract, which was diiolved in 1OOmL of 
acetone and 10% HCI (5mL) was added to tbis sohttion under 
stirring. After being stirred for 20 min, water was added and tbe 
reaction mixture was extracted with cMoroform. Tbe organic 
layer was treated as usual to atrord a crude product which was 
dissolved in iORmL of methanol. To this stirred solution was 
added 3n f~mrnoi~ of sodium b~obv~de at 0”. Tbe residue. 
resulted irom the evaporation of the solvent, was extracted with 
benzene. Evaporation of the solvent gave a crude tosylate which 
was chromato~pbed using benzene as eluent to f&e 16.Og 
(98%) of (39) as a colorless oil: IR (CHClr) 3600 (OH) cm-‘; 
NMR (CLXX,) 62.40 (3H, s, CH& 4.06 (2H, dJ = 7 Hz, CHr 
OTs), 7.30 (2H, dl = 8 Hz, ArH), 7.73 (ZH, d-f = 8 Hz, A&). 

4 - Benzoyfoxy - 7 - bromomethyfbicycfo[4.2.0]octa - l(6) - me 
(40). To a stirred solution of 16.08 (55 mmol) of (39) in 100 mL of 
pyridine was added 7.8 g (55.5 mmol) of benzoyl chloride at room 
temperature under nitrogen and stirred for 1 b. To a solution of 
crude product, which was obtained by usual work-up of benzene 
extract, in IOOmL of dimethy~orm~~e was added 5.3g 
(51.5 mmol) of sodium bromide under nitrogen and beated at 
80-85” for 2 h. After extraction with benzene, organic layer was 
worked up as usual to afford a crude gum which was cbromato- 
graphed using benzene as eluent to give 13.2 g (55%) of (48) as a 
colorless oil: NMR (CDCI,) 63.34-3.63 (ZH, m, CH*Br). 5.00-5.50 

(IH, m, >H-O), 7.25-7.60 (3H, m, ArH), 7.85-8.18 (2H, m, 

ArH); MS m/e: 302 (M-b 304 (M” +2). 

4 - Benzoyfoxy - 7 - diphenyfphospfdnoylmethyf- 
bicycfo[4.2.0]octa - l(6) - ene (41). To a stirred solution of 3.5 g 
(11.6 mmol) of (40) in 70 mL of THF was added 1.5 mL of 1 mol 
solution of lithium diphenylphosphide (prepared from 4atm of 
lithium and cblorodinbenvlnhosnhincl in THF at -20” under 
nitrogen. After being stir&d fbr 16h at room temperature, 
saturated ~monium chloride solution (5OmL) was added and 
tbe reaction mixture was extracted with benzene. A crude 
product was dissolved in 100 mL of chloroform. To tbis solution 
was added 10mL of 5% hydrogen peroxide solution at room 
temperature and stirred for I h. The organic layer was worked up 
as usual to afford a brown gum which was cbromatographed 
using chloroform as eluent to give 4.7g (92%) of (41) as a 

colorless oil: NMR (CDCI,) 84.90-5.46 (IH, m, >CH-O-), 7.00- 

8.lO (1SH. m. ArH); MS m/e: 442 (M’). 
4 - Hydroxy - 7 - diphenylphosphinoylmethylbicycfo[4.2.0]octo- 

l(6) - ene (42). To a stirred solution of 2 g (4.53 mmol) of (41) in 
20mL of methanol was added 5 mL of 19% sodium hydroxide 
solution at room temperature and stirred for 8 h. Extraction with 
benzene, followed by usual work-up afforded a crude alcohol 
which was chromato~phed using chloroform as eluent to give 
1.178 (72%) of (42) as a colorless oil: IR (CHClJ 3680 (OH) 

cm-‘; NMR (CDCl,) 63.55-4.10 (IH, m, >-OH), 7.23-8.00 

(IOH, m, ArH); MS m/e: 338 (M’). 
4 - [l - (1 - Ethoxy)ethoxy] - 7 - diphenytphosphinoylmethyl- 
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bicyclo[4.2.0]octo - l(6) - me (43). To a stirred solution of 1.6 g 
(4.73 mmol) of (42) in 30mL of dichloromethane was added 
$20 mg (10.~0~ df ethyl vinyl ether and a catalytic amount of 
toluene - p - suIfonic acid under nitrogen at room temperature 
and stirred for I h. Usual work-up of organic layer afforded a 
crude gum which was c~rnat~~ using chloroform as 
cluent to give 880mg (46%) of (43) as a colorless oil: NMR 
(CDCI,) 61.18 (3H, tJ = 8 Hz, CH,), 1.23 (3H, 61~ 5 Hz, CHJ), 

4.55-W (IH, m -0-CH-G), ?.W.OO (lOH, m, ArH); MS 

I 
m/e: 318 (M’ -29). 

Ring-opening reaction 
Compound (38) (Enlry No. 1 in Table 2). To a sthred solution 

of 81 mg (0.213 mmol) of pbosphine oxide (38) in 5 mL of THF 
was added I mL of 1.5 mol solution of lithium dii~~opyl~~e 
in THF at -78” under nitrogen. After being stirred ior ij min at 
-780, stirring was continued for 16 h at -W. Usual treatment of 
benzene extract afforded a crude gum which was chromato- 
graphed using chloroform as eluent to give 61 mg (76%) of(U) as 

0 

a colorless oil: NMR (Ccl,) 62.87-3.24 (EH, m, CH,d-). 3.85 
I 

(4H, s, -OCHFH,O-1, 4.58 (lH, broad s, olefinic proton), 4.73 
(IH, broad s, olciinic proton), 5.30-5.80 (IH, m, olefinic proton), 
7.65-7.97 (IOH, m, A@; MS de: 380 (M’). (Pour& C, 59.37; H, 
5.48. Calc. for CDHz0,P*3CHCI,: C, 59.38; H, 5.37%). 

Compound (41) (Entry No. 2 in Tab/e 2). By following the 
same procedure described for compound (38), compound (41) 
(450 mg) was converted into compound (45) (!X2 mg, 27%) as a 
colorless oil after chromat~phy using chloroform as eluent: IR 
(CHCI,) 3600 {OH) cm-‘; NMR (CDcl3) S4.00-4.30 (IH, m, 

B-OH), 4.56 (IH, broad s, olefinic proton), 4.69 flH, broad s, 

olefinic proton), 5.05-5.50 (IH, m, olefinic proton), 7.30-8.00 
(IOH, m, ArH); MS m/e: 338 (M’). 

Compound (42) (En@ No. 3 in Table 2). To a stirred solution 
of 169 mg (0.5 mmol) of combed (42) in 5 mL of THF was 
added 0.5 mL of 1.5 mol soiution of n-BuLi in bexane at -78” 
under nitrogen. After being stirred for I6 h at -20”. saturated 
Arnold chloride solution (10 mL) was added. Usual work-up 
of benzene extract gave 8 crude gum which was chromato- 
graphed using chloroform as eluent to give 72 mg (43%) of (45) as 
a colorless oil. This was identical with the sample obtained 
above. 

toxoid (43) (.&Wry No. 4 in Table 2), By following exactly 
the same procedure for compound (3%), compound (43) (88Omg~ 
afforded compound (46) (I iS mg, 13%) at& chromatography 
using chloroform as eluent: NMR (CD&) 61.17 (3H, tJ = 8 Hz, 
CH,), 1.26 (3H, dJ= SHz, CH,), 4.56 (lH, broad s, okfink 
proton), 4.72 (IH, broad s, olefinic proton), 5.33-5.80 (IH, m, 
olefinic proton), 7.25-8.00 (IOH, m, ArH); MS m/e: 410 (M’). 

(El - I - (2 - Cyc~ohexyl~eoe - ethyl~e~e) - SJ - (ethylenedioxy) - 
2 - me~hylmecyclohexanc (47). 

(i) From compound (44) ond cycfohexasonc. To a stirred solu- 
tion of 120 mg (0.316 mmol) of phosphine oxide (U) in 8 mL of 
THF was added 0.25 mL of I.5 mol solution of n-BuLi in hexane 
at -780. After being stirred for 30 min at -78”, a solution of 31 mg 
(0.316mmoO of cvclohexanone in 2mL of THF was added at 
:78”. Stir& was-contin~ for I.5 h at -2o”, aad then for 1.5 II 
at room temperature. Removal of the solvent from benzene 
extract afforded a crude product which was chromatographed 
using benzene as eluent to give 28mg (35%) of (47) as a 
colorless oil: NMR (CCL) 63.73 (4H. s. -OCHXH,O-1.4.66 (IH. 
broad s. olefinic proton), 4.91 (1H. broad s, oktinii photon), j+8i 
(IH, dJ = I2 Hz, olefink oroton). 6.32 (IH, dJ = 12 Hz. okfinic 
proton); MS m/e: 260 (h?). (Found: 260.1760 (M’). C,,Hlr02 
requires 260.1775). 

(ii) From ~ornRo~d (38) and cyclohexononr To a stirred 
solution of 190 mg (0.5 mmol) of phosphinc oxide (3s) in THF 
was added 0.5 mL of 1.5 mol solution of lithium ~~propyl~~c 

in THF at - 780 under nitrogen. After being stirred for I6 h at 
-2V, a solution of CycIohexanone (51 mp. 0.52 mmol) in 3 mL of 
THF was added to-the reaction I&U& at -780. &r& was 
c~nti~~ued for 1.5 b at -25@, and then for 1.5 b at room tem- 
perature. Evaporation of the solvent from benzeoe extract 
at[orded a crude product which was c~omat~h~ on 5 g of 
silica gel using benzene as eluent to give 44 mg (34%) of (47) as a 
colorless oil, which was identical to (47) obtained above. 

(4 - I - [2 - (2 - mcihylcyclohrtyl%lme~clkvlidmcl - 5.5 - 
~~yf#e~xy - 2 - rn~hy~~~yc~~~ne (48j. (4) WBS bbb 
from (44) and (38) with 2-~~vIcvcIo~xan0~ in 20 and 5% 
yields respectively; in the same Gainer as for the compound (47) 
as a colorless oil: NNR (CCL+) 61.10 (3H, dJ = 7 Hz, C&), 3.83 
(4H, s, -OCH,CH@-1, 4.63 (lH. broad s, olefinic proton), 4.90 
(IH, broad s, okfinic proton), 5.82 (IH, dJ= I2 Hz, olefinic 
proton), 6.35 (IH, dJ iI2 Hz, olefinic proton); MS m/e: 274 
(M’). (Found: 274.1928 (M’). C,.H,,O, reauires 274.19311. 

5 - (E) - 3,3 - ethy~~~xy.“- ~to~~.~ (SO). To a stirred 
solution of 242 mg (0.637mmol) of phosphiw oxide (44) was 
added 0.5 mL of I.5 mol solution of lithium diisopropylamide in 
THF at -78” under nitrogen. After beinn stirred for 30min. a 
solution of ketone (49) (gmg, 0.318 mmoi) in 5 mL of THF was 
added at -78”. Stirring was contihued for I4 h at -2o”, and then 
for 1.5 b at room temperature. Usual work-up of benzene extract 
afforded a crude product which was chromatogmphed using 
n-hexane : chloroform (IO: 1 v/v) as elwnt to give 39 mg (29%) of 
(50) as a colorless oil: NMR (Ccl,) 60.58 (3W, s, CHI), 0.87 (9H, 
dJ=6 Hz, CHIX 3), 3.87 (4H, s, -OCH+!H,O-), 4.6 (IH, broad 
s, olefinic proton), 4.9 (IH, broad s, oiefinic proton), 5.67 (lH, 
df = 12 Hz, olefinic proton), 6.36 (lH, dJ = 12 Hz, okfinic pro- 
ton); MS m/r; 426 (M’); UV (hexane) (log c) 272 (3.97). (Found: 
C, 69.01; H, 9.28. Calc. for C~~O~~O.‘ISCHCl,; C, 69.22; H, 
9.13%). 

S#ur dioxide addu~t (52). To a solution of !JOOmg 
(2.113 mmol) of (50) in 20mL of benzene was added IOmL of 6% 
sulfurous acid solution and stirred vigorously for 2 h at room 
temperature. Benzene layer was treated as usual to afford a 
crude product which was cbromatographed using chloroform as 
eluent to give 975 mg (95%) of (52) as a colorless oil: NMR (Ccl,) 
60.58,0.68 (each s, CH>), 0.87 (9H, dJ = 5 Hz, CH:, x 3),3.55 (2H, 
broad s, -CH2S02f, 3.87 (4H, s, -OCH,CH,O-),4.25-4.90 (3H, m, 

> 
CH-SOz and oleflnic proton); MS m/e: 426 (M+ -64). (Found: 

C, 56.94; H, 7,68. Calc. for C29H~0$l.2CHCl,:C, 57.21; H, 
7.51%). 

Sulfur dioxide adduct ($3). To a stirred solution of 935mg 
(I.91 mmol) of kctal(52) in 20 mL of acetone was added 1 mL of 
t~fluor~cetic acid and 2 mL of 10% hydrochloric acid solution 
at room temperature and stirred for I2 b. This benzene layer was 
worked up as usual to alford a crude product which was 
chromato~aph~ using chloroform as eluent to give 64Omg 
(76%) of (53) as a colorless oil: IR (CHCI,) 1700 (0) cm-‘; 
NMR (CDCI,) 60.54, 0.63 (each s, CH3, 0.85 (9H, dJ = 6 Hz, 
CH> x 3). 3.75 (2H, broad s, -CH2S03, 4.66 (2H, broad s, CH- 
SO* and oletinic proton); MS m/e: 382 (M’ -64). (Found: C, 
6O.a H, 7.92. Cafe. for ~~H,~O~S,O.~HCl~: C, 60.48; H, 
7.80%). 

.%/fur dioxide adduct @I). To a stirred solution of 
395 mu (0.886 mmoll of ketone (53) in 5 mL of c~oroform and 
5 mL of .methanol was added 50 me f 1.32 nunol) of sodium boro- 
hydride at 0” and stirring was continued for 1 h at 00. After 
evaporation of the solvent, water was added and the reaction 
mixture was extracted with benzene. Benzene layer was treated 
as usual to afford a crude product which was c~omato~ph~ 
using chloroform as eluent to give 335mg (85%) of (84) as a 
colorless oil: IR (CHCI,) 3600 (OH) cm-‘; NMR (CDCl3 Mf.56, 
0.64 (each s, CH,), 0.86 (9H, df = 5 Hz, CHs x 3),3.63 (2H, broad 

s, -CH,SOd, 3.85-4.20 (IH, m, )CIj-OH), 4.67 (2H, broad s, 

)cwSOz and okfinic proton); MS m/e: 384 (M” - 61). (Found: 

C, 68.22; H, 9.36. Calc. for C27~0$+0.25CHCl,: C, 68.40; H, 
9.32%). 
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S(E)-uifamin 4 (55). To a solution of 200 mg (0.446 q mol) of 
(Sr) in 10 mL of ethanol was added 200 mg of sodium bicarbonate 
and the resulting mixture was rcguxed for 30min under 
nitrogen. After evaporation of the solvent, water was added and 
the mixture was extracted with benzene. Usual work-up lorded 
a crude product which was chromatographed using benzene as 
eluent to Rive 135 mg (7996) of (55) as a colorless powder: m.p. 
87-91” (acetone); UV (hexane) (log E) 270 (4.46): IR (CHCIr) 3600 
(OH) cm-‘; NMR (CDCIr) 80.57 (3H, s, CHr), 0.87 (9H, dJ = 

6 Hz, CH, x 3) 3.67 -4.20 (lH, m, >-GH), 4.69 (IH, broad s, 

olefinic proton), 4.% (IH, broad s, oktktic proton), 5.86 (IH, 
dJ= 6Hz, olefinic proton), 6.56 (lH, dJ=6Hx, oletinic pro- 
ton); MS m/e: 384 (M+). [a]n t 115.4” (c = 0.37). 

S(E) - damin 4 (55) from sulfur dioxide adduct (56) of 
oitamin 4. To a stirred solution of 200 mg (0.446 mmol) of sulfur 
dioxide adduct (56) in IOmL of ethanol was added 200mg of 
sodium bicarbonate and the resuhing mixture was refluxed for 
20min and followed by the same procedure as above to give 
135 mg (7%) of S(E)-vitamin Dr (58) as colorless needle: m.p. 
87-89” (acetone); [alo t 120.6” (c = 0.345) which was identical to 
(55) obtained above. 

Note u&d ia proof: After submission of this paper, a total 
synthesis of la, 25diiydroxycholecalciferol has been reported 
by E. G. Baggiolini ef al. 1. Am. Chem. Sot. 184,2945 (1982). 
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