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Several new substituted trityl protecting groups have been prepared and investigated. They are di(p-benzyl- 
oxypheny1)phenylmethanol (2a), (p-hydroxypheny1)diphenylmethanol (2b), (p-acetoxypheny1)diphenylmeth- 
anol (2c), (m-hydroxypheny1)diphenylmethanol (zd), (m-acetoxypheny1)diphenylmethanol @e), and (p-bromo- 
phenacyloxypheny1)diphenylmethanol (2f). Comparison of the rates of detritylation of the corresponding 5‘- 
trityladenosine derivatives by acetic acid showed that the (phydroxypheny1)diphenylmethyl group could be re- 
moved under mild conditions in a reasonable length of time. However, this group cannot be used directly in 
oligonucleotide synthesis, without protection of the phenolic function. Consequently the trityl chloride ( p -  
bromophenacyloxypheny1)diphenylmethyl chloride (BPTrCl) (3f) was used as the phenacyl ester is cleaved by 
mild reduction with zinc and acetic acid to give the p-hydroxytrityl group. Two dinucleoside monophosphates 
TpT (5a) and d-UpT (5b) have been synthesized using the BPTr group for protection of the 5’-hydroxyl position. 
The removal of the protecting group was studied both in the presence and absence of other acyl protecting groups. 
Application to the ribose series was investigated by the preparation of the dinucleoside monophosphate 5‘-BPTr- 
UpU (12) and the trinucleoside diphosphate 5’-BPTr-UpUpU (15). Removal of the BPTr group from these 
compounds was achieved with 20% acetic acid and zinc dust. However, it was found that the presence of other 
acyl protecting groups complicated the detritylation when using zinc and acetic acid, so that for further synthetic 
work detritylation was achieved with formic acid. 

The selective protection of reactive groups in nucleo- 
sides and nucleotides is of utmost importance for the 
successful chemical synthesis of oligo- and polynucleo- 
tides of predetermined base sequence. Acid-labile 
protecting groups such as the trityl group (Tr)2 and 
its mono- (MMTr), di- (DMTr), and trimethoxy 
(TMTr) derivatives are widely used for protection 
of the 5’ primary hydroxyl function of  nucleoside^.^ 
The introduction of methoxy groups increases the ease 
of removal of the trityl groups, but also increases the 
rate of reaction with the secondary hydroxyl groups 
and the amino functions of the bases.8 As a result 
the most widely used trityl group is the Mn4Tr. 

As part of a general program on the synthesis of 
polynucleotides of predetermined base sequence, me 
have undertaken a study of substituted trityl chlorides 
to investigate whether improvements could be made 
of their ease of removal while maintaining selectivity 
toward the 5’-hydroxyl group. In  particular, we have 
developed the use of the p-bromophenacyloxytrityl 
group and report its use in oligonucleotide synthesis. 

Results 

The trityl alcohols di(pbenzy1oxyphenyl)phenyl- 
methanol (DPTrOH, 2a), (p-hydroxyphenyl) diphenyl- 
methanol (p-HOTrOH, Zb), and (m-hydroxypheny1)- 
diphenylmethanol (m-HOTrOH, 2d) were prepared from 
the corresponding ketones (la, lb, and Id) via a Gri- 
gnard reaction with phenylmagnesium bromiden4 The 
trityl chloride DPTrCl (3a) was prepared from 2a by 
chlorination with acetyl chloride. Treatment of the 
methanol 2b with acetyl chloride gave the correspond- 
ing acetoxy derivative (p-acetoxypheny1)diphenyI- 
methyl chloride (3c), and, similarly, m-acetoxytrityl 
chloride (3e) was prepared from 2d. Attempts to pre- 

(1) H. Kassel, H. Buchi, T.  M. Jacob, A. R. Morgan, 9. A. Narang, E. 
Ohtsuka, R. D. Wells, and H. G. Khorana, Angew. Chem., Int.  Ed. Enol., 
8 ,  387 (1969); H. G. Khorana, Fed. Proc. Fed. Amer. Soc. Exp. Biol., 19, 
931 (1960). 

(2) The system of abbreviations used in this paper is that  of H. G. Khor- 
ana’s group; compare, for example, H. Kossel, H. Buchi, and H. G. Khorana, 
J .  Amer. Chem. Soc., 89, 2185 (1967). 

(3) M. Smith, D. H. Rammler, T. H. Goldberg, and H. G. Khorana, ibid., 
84,430 (1962). 
(4) Preparative methods were adapted from M. Gomberg and L. H. Cone, 

Justus Liebigs Ann. Chem., 370, 142 (1909). 

pare p -  and m-hydroxytrityl chlorides (3b and 3d) 
by treatment with hydrogen chloride in ether in the 
presence of calcium chloride were unsuccessful. 

(p-Bromophenacyloxypheny1)diphenylmethyl cho- 
ride (BPTrCl, 3f) was synthesized by reacting the 
trityl alcohol 2b with p-bromophenacyl bromide and 
then chlorinating the intermediate trityl alcohol (2f) 
with acetyl chloride. 

On treating the trityl alcohol 2f with zinc dust and 
80% acetic acid at  room temperature, it was completely 
reduced to p-HOTrOH (2b) in under 1 hr. In  20% 
acetic acid containing zinc the compound was signifi- 
cantly reduced (>as%) in 1 hr and the reaction was 
complete in 16 hr. No reduction was observed in the 
absence of the zinc dust or when ethanol was substituted 
for acetic acid. 

The trityl chlorides 3a, 3c, 3e, and 3f were used to 
prepare the 5’-protected derivatives 5’-DPTr-A (4a), 
5’-(p-AcOTr)-A (4c), 5’-(m-AcOTr)-A (4e), and 5’- 
BPTr-A (4f). In  the deoxyribose series 5’-BPTr-T (Sa), 
j’-BPTr-dU (5b) , 5’-BPTr-dA (Sc), and 5’-BPTr-dG 
(Sd) were prepared. Deactylation of 4c and 4e with 
ammonia afforded 5’-(p-HOTr)-A (4b) and 5’-(m- 
H0Tr)-A (4d), respectively. 

The rates of detritylation of the protected ribonucleo- 
sides 4a-f were studied and compared with those of 
5’-MMTr-A and 5’-DMTr-A, and the results are sum- 
marized in Table I. Detritylation of 4f was also 
studied in the presence of zinc dust. 

The intermediate p-HOTr derivatives 4b and 6a-d 
were isolated by preparative tlc from the corresponding 
BPTr nucleosides by treatment with 30% acetic acid 
and zinc dust for 45 min together with unprotected 
nucleoside. 

The use of the BPTr group in oligonucleotide syn- 
thesis was demonstrated by the preparation of the de- 
oxyribodinucleoside monophosphates TpT (7a) and 
d-UpT (7b) as shown in Scheme I. In  these syntheses, 
the 3’-hydroxyl function of the phosphorylating moiety 
was protected with the dihydrocinnamoyl group, which 
is removable by alkaline pH or enzymatically by a- 
chymotrypsin at neutral P H . ~  
(5) The rationale for using the dihydrocinnamoyl protecting group is 

described in H. 9. Sachdev and N. A. Starkovsky, Tetrahedron Lett., 9, 733 
(1969). 
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3d, R”= OH; R = R’=H 
e, R”-OAc; R- R‘=H 
f ,  R = OCH,COC,H,Br; R’ = R” = H 

R-p-&O* 

OH OH 

4a, R=R’= OC,H,; R” 5 H 4d, R” =OH R = R’ = H 
b, R = OH; R’ -R”=H e, R”- OAc; R =R’=H 
c, R = OAC; R’ R” = H f ,  R = OCH&OCeH4Br; R’ I: R” = H 

5a, R = OCH2COCGH,Br; base = Thy 6a, R = OH; base =Thy 
b, R = OCH,COC,H,Br; base = Ura b, R = OH; base I: Ura 
C, R = OCH,COCGH,Br; base = Ade c, R =OH; base - Ade 
d, R = OCH2COC8H4Br; base = Gua d, R = OH; base = Gua 

Detritylation of 7a and 7b was studied in detail 
and the results are shown in Scheme 11. The BPTr 
group could be removed slowly from 7a by 80% acetic 
acid alone (8-24 hr). 

The application of this protecting group to ribooligo- 
nucleotide synthesis was studied. The mononucleo- 
tide 5’-BrTr-U(OAc)-3’-p (1 1) was prepared by reaction 
of uridine 2’,3’-cyclic phosphate with BPTrCl followed 
by incubation with pancreatic ribonuclease to open 
the 2‘,3’-cyclic phosphate and protection of the 2’- 
hydroxyl function by acetylation. The protected 

TABLE I 
TIME REQUIRED FOR FULL DEPROTECTION OF 

5’-TRITYLADENOSINE COMPOUND8 WITH ACETIC ACID 
AT ROOM TEMPERATURE5 

Time--- 
80% HOAc 40% HOAc 20% HOAc 

5‘-MMTr-A 1 hr  48 hr 1 week 
5’-DMTr-A 15 min 3 hr  48 hr 
5’-DPTr-A (4a) 15 min 3 hr 1 week 
5’-(pHOTr)-A (4b) 1 hr 1 hr 6 hr 
5‘-(p-AcOTr)-A (4c) 1 week 
5’-(m-HOTr)-A (4d) 48 hr 1 week 
5’-(m-AcOTr)-A (4e) 1 week 
5‘-BPTr-A (4f) 5 hr 1 week 
5‘-BPTr-A + zincb (4f) 1 hr 2 hr 24 hr  

* 20 mg of zinc dust. 

Compound 

@ 15-20 pmol of 5’-trityladenosine in 0.2 ml of acetic acid. 

monomer was condensed in the usual ways with di- 
benzoyluridine to prepare the ribodinucleoside mono- 
phosphate 12 as shown in Scheme 111. 

The acyl protecting groups were removed from 12 
by treatment with ammonia for 16 hr to  give 5‘- 
BPTr-UpU (15) (see Scheme IV). Detailed studies 
showed that the BrTr group was removed from both 
12 and 15 by 20% acetic acid and zinc in under 1 hr, 
but the detritylation of 15 proved to be cleaner than 
that of the fully protected dinucleoside monophosphate 
12. In  the case of 12 several side products, which 
were not identified, were also formed. Similar results 
were obtained with 10, 40, and 50% acetic acid and 
zinc. However, it was found that a brief treatment 
with formic acid also removed the BPTr group cleanly 
from the fully protected dinucleoside monophosphate. 

As a result, for further synthetic work the BPTr 
group was removed from 12 by treatment with 90% 
formic acid for 10 min, to give 13. Condensation of 
13 with 11 gave the fully protected trinucleoside di- 
phosphate 14 (see Scheme 111). 

The series of reactions summarized in Scheme V 
were carried out. Detritylation of the fully protected 
trinucleoside diphosphate 14 again proved to  be more 
difficult than that of the partially protected trimer 18, 
and as in the case of the dinucleoside monophosphates 
a brief treatment with formic acid gave better results. 

We were unable to find conditions under which ap- 
preciable amounts of the intermediate p-HOTr pro- 
tected dinucleoside monophosphates and trinucleo- 
side diphosphates could be isolated. The p-HOTr 
group was obviously removed as fast as it was formed 
with 20% and even with 10% acetic acid. 

The identity of the dimers TpT, d-UpT, UpU (16), 
and the trimer UpUpU (19) was confirmed by degrada- 
tion with snake venom phosphodiesterase.’ 

Discussion 
At present the MMTr and DMTr groups are the 

most frequently used acid-labile protecting groups for 
the 5’-hydroxyl functions of nucleosides. The DMTr 
group can be removed under milder conditions than the 
MMTr group, but it is also less specific for the primary 
hydroxyl function. In  addition, the greater lability of 

(6) S .  A. Narang, T. M. Jaoob, and H. G. Khorana, J .  Amm. Chem. Soc., 

(7) H. G. Khorana, A. F. Turner, and J. P. Vizsolyi, (bid., 88, 685 (1961); 
81, 2988 (1965). 

H. G. Khorana and J, P. Vizsolyi, (bid., 88, 675 (1961). 
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loa, base - Thy; R = COCH2CH2C,Hj 7a, base = Thy; R 
9b, base=Ura; R - H  

COCH,CH&H, 
b. base = Ura; R = H 

this trityl group can lead to unwanted removal of the 
protecting group during a synthetic sequence. 

We have used these two groups for comparison 
with the substituted trityl groups described in this 
paper. Particular attention has been given to the 
selectivity of the trityl chlorides for primary and 
secondary hydroxyl functions and to the ease of re- 
moval from nucIeosides. 

The DPTr group was synthesized in order to deter- 
mine the effect of size on the selectivity of a trityl 
group. This bulky trityl group showed excellent 
selectivity for the primary hydroxy function, no other 
isomer being observed. Similarly, BPTrCl reacted 
selectively with the 5'-hydroxyl group of nucleosides 
to give excellent yields of the protected compounds. 

The p-HOTr group was synthesized as detritylation 
of a nucleoside protected by this group should be par- 
ticularly easy because of the formation of the fuchsone 
form (20) of the trityl alcohol in the presence of acid. 

(p-Hydroxypheny1)diphenylmethanol (2b) is pecu- 
liar in that when crystallized from ammoniacal alco- 

2b 
p-HOTrOR 

20 
fuchsone form 

hol the crystals are colorless, whereas those obtained 
from 50% acetic acid are yellow. The yellow color 
is thought to be due to the presence of the fuchsonen8 

However, the p-HOTr group cannot be used directly 
in oligonucleotide synthesis for two reasons. Firstly, 
during the condensation step the phenolic function 
must be protected as sulfonyl chlorides, used as con- 
densing agents, will react with phenols to form sulfonic 
esters, and, secondly, the corresponding trityl chloride 

(8) L. C. Anderson and M. Gomberg, J .  Amer. Chem. Soc., 86,203 (1913); 
K. I .  Beynon and S. T. Bowden, J .  Chem. Sac., 4247 (1967). 
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SCHEME V 
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p-HOTrC1 is unstable and loses HC1 spontaneously to 
give Z0.9 The synthesis of m-HOTrC1 by chlorination 
of the methanol m-HOTrOH with acetyl chloride has 
been r e p ~ r t e d . ~  However, we were unable to repeat 
this work, as we obtained only the acetoxy derivative 
m-AcOTrC1 in high yield from this reaction. Simi- 
larly p-AcOTrC110 was the only product from the re- 
action of p-HOTrOH with acetyl chloride. Treat- 
ment of either trityl alcohol with dry hydrogen chloride 
in ether in the presence of calcium chloride was also 
unsuccessful. 

The phenolic function of the p-HOTr group could 
be protected by the acetyl group as 5'-(p-AcOTr)-A 
(4c) could be deacetylated readily with ammonia to 
give 5'-(p-HOTr)-A (4b). However, the acetyl group 
was not thought to be the ideal protecting group during 
oligonucleotide synthesis, as other alkali-labile pro- 
tecting groups are used both in the ribose and deoxy- 
ribose series. Consequently a phenacyl ether, which 

(9) €3. T. Bowden and K. I. Beynon, J .  Chem. Sac., 4253 (1957). 
(10) M. Gomberg, J .  Amer. Chem. 8 o c  ,86,209 (1813). 

0 OH 
I o = y o -  

OH OH 
19 

can be removed by reductive cleavage with zinc and 
dilute acidJ1l was utilized to protect the phenolic func- 
tion of the p-HOTr group. 

Comparison of the ease of detritylation of all these 
substituted trityl compounds was carried out using 
the corresponding 5'-trityladenosine derivatives, 5'- 
NMTr-A and 5'-Dl!tTr-A, and the results are shown 
in Table I. The DPTr group was hydrolyzed by 80 
and 60% acetic acid at  a rate comparable to the DMTr 
group but much slower with 20oJ, acid. It should be 
noted that complete and rapid removal of the trityl 
group in the presence of alkali-labile base-protecting 
groups frequently leads to depurination, so that i t  is 
advisable when complete deprotection is sought to 
submit the protected compound first to treatment 
with alkali and then with a ~ i d . ' ~ - ' ~  However, in the 

(11) J. B. Hendriokson and C. Kandall, Tetrahedron Lett., 343 (1970). 
(12) P. T. Gilham and H. G. Khorana, J .  Amsr. Chem. Sac., 80, 6212 

(1958). 
(13) H. Sohaller, G. Weiman, B. Leroh, and H. G. Khorana, abad., 85, 

3821 (1963). 
(14) H. Schallerand H. G. Khorana, zb id . ,  85, 3828 (1963). 
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TABLE I1 
TIME REQUIRED FOR FULL DEPROTECTION OF 5’-BPTr 

NUCLEOSIDES BY ACETIC ACID AND ZINC AT 

ROOM TEMPERATURE@ - Time, hr 7 

Compound 80% HOAo 40% HOAc 20% HOAc 
6‘-BPTr-A (4f) 1 2 24 
5’-BPTr-T (5a) 1 2 8 
5’-BPTr-dU (5b) 1 2 8 
5’-BPTr-dA (5c) 1 (2%)b 2 (<I%) 8 (<I%) 
5’-BPTr-dG (5d) 1 (?%Ib 2 (1%) 8 (<I%) 

(1 15-20 rmol of 5‘-trityl nucleoside in 0.2 ml of acetic acid 
containing 20 mg of zinc dust. * 70 depurination as measured 
by elution of spots from paper chromatograms and measurement 
of absorbance at  XmX. 

group, which a t  the correct time can be converted 
into a more labile group. 

The use of this protecting group in synthesis was 
demonstrated by the preparation of the deoxyribo- 
dinucleoside monophosphates TpT @a) and d-UpT 
(8b) as shown in Scheme I. Removal of the BPTr 
group was studied in one case (8a) before and in the 
other (Sb) after removal of the dihydrocinnamoyl group 
from the 3’-hydroxyl position. The presence of other 
protecting groups appeared to have no effect on the 
ease of removal of the BPTr group. 

The results on the detritylation of the two deoxy- 
ribodinucleoside monophosphates paralleled the re- 
sults a t  the monomer level. The BPTr group can be 
removed rapidly and completely by mild acid and zinc. 
In  the absence of zinc the BPTr group was stable. 

In  the ribose series the dinucleoside monophosphate 
UpU (16) and the trinucleoside diphosphate UpUpU 
(19) were synthesized utilizing the BPTr group. It 
was found that the BPTr group could be removed from 
ribose dinucleoside monophosphates and trinucleoside 
diphosphates under very mild conditions, but when 
other acyl protecting groups were present the removal 
was complicated by the formation of side products 
which we were unable to identify. There was no evi- 
dence of hydrolysis of the glycosidic bonds. 

However, it was noted that a brief treatment with 
formic acid removed the BPTr group without any 
complications at  both the dinucleoside monophosphate 
and trinucleoside diphosphate levels. This was, there- 
fore, the method of choice for these particular com- 
pounds for further synthetic work. 

It appears from these results that the p-bromophen- 
acyloxytrityl group, while eminently suitable for use 
in synthesis in the deoxyribose series, is not the ideal 
diprotecting group when used in the ribose series. The 
p-HOTr group itself is entirely satisfactory being re- 
moved rapidly by mildly acidic conditions (less than 
20% acetic acid), but a better protecting group for 
the phenolic function, than the p-bromophenacyl 
ether, is mandatory. 

2f 
pbromophenacylox ytntyl-OR 

(BPTrOR) 

0 
0 
2b 

p-HOTrOR 

sequential synthesis of oligonucleotides, it is essential 
to be able to remove the trityl group efficiently while 
keeping the alkali-labile base protecting groups intact. 
As a check on the use of removal of the DPTr group 
under these conditions N,N’,O2’,O3’-tetrabenzoy1aden- 
osine was synthesized by successive tritylation, ben- 
xoylation, and detritylation of adenosine using the 
DPTr group. The yield and purity of the product 
was slightly better than that obtained using the DnITr 
group. 

Both acetoxytrityl groups, as expected, proved to 
be very resistant to  hydrolysis. The m-HOTr group 
was similar. However, the p-HOTr group could be 
removed rapidly be acetic acid and, in fact, more easily 
with 2001, acetic acid than either the MMTr or DMTr 
groups. The BPTr group on treatment with acetic 
acid alone was relatively resistant, but on addition of 
zinc dust detritylation took place at  a rate comparable 
to the D1\4Tr group. Detritylation occurred in two 
stages, the first, and rate-determining step, being re- 
moval of the phenacyl ether to  give the p-HOTr de- 
rivative. Attempts to find conditions under which 
the p-HOTr derivative could be isolated quantitatively 
failed as under all conditions investigated the com- 
pound was isolated together with the free nucleoside. 

In  the deoxyribose series the nucleosides thymidine, 
deoxyuridine, deoxyadenosine, and deoxyguanosine 
were protected with the BPTr group. Detritylation 
of these compounds was studied giving particular 
attention, in the case of deoxyadenosine and deoxyguan- 
osine, to depurinat i~n.~~-’* As can be seen from Table 
11, detritylation could be achieved without depurina- 
tion with 20 and 40% acetic acid and zinc, although 
some depurination was detected with 80% acid. De- 
purination was more noticeable with deoxyguanosine 
than with deoxyadensoine. 

From these results i t  can be seen that the BPTr 
group combined the best properties of all the substituted 
trityl groups investigated. It showed excellent selec- 
tivity for the 5‘-hydroxyl function of nucleosides be- 
cause of its large size, and could be removed easily 
with acetic acid containing zinc dust. In  the absence 
of zinc dust the group was resistant to hydrolysis. 
In  oligonucleotide synthesis it is obviously advantage- 
ous to use a hydrolysis resistant group such as the BPTr 

Experimental Section 
General Methods.-Paper chromatography was carried out 

by the descending technique using Whatman No. 1 or Whatman 
No. 3RIM paper. The solvent systems used were (A) ethyl 
alcohol-1 M ammonium acetate (pH 7.5) (7:3, v/v); (B) ethyl 
acetate-ethanol (9 : 1); (C) n-PrOH-concentrated ”,OH- 
Ha0 ( 5 5 :  lo:%); (D) i-PrOH-concentrated NH4OH-HnO (7: I:  2).  
Thin layer chromatography was carried out on silica gel plates 
(F-254 E Merck). 

The trityl groups or substituted trityl groups in compounds 
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were detected by spraying the chromatograms with 10% aqueous 
perchloric acid and drying in warm air. The trityl-con- 
taining compounds appeared yellow or orange. The presence 
of phenolic functions was detected by lightly spraying the chro- 
matograms with a saturated solution of p-nitrobenzenediazonium 
fluoroborate followed by spraying with 20% sodium bicarbonate 
solution I Compounds containing phenolic functions appeared 
as pink spots. 

Reagent grade pyridine was purified by distillation over 
chlorosulfonic acid and potassium hydroxide and stored over 4 8  
molecular sieve beads (Linde Co.). All evaporations were car- 
ried under reduced pressure below 25’. Whenever necessary, 
reagents and reaction mixtures were rendered anhydrous by re- 
peated evaporation of added dry pyridine in ZIUCUO.  

Enzymatic degradations were carried out by standard meth- 
ods .7 

Melting points are uncorrected. Elemental analyses were 
carried out by Dr. C. Fitz, Needham Heights, Mass. 

The amounts of nucleotides in solution were estimated by 
their absorption a t  neutral pH a t  260 m r ,  

Adaptations of published procedures were used to prepare 
5’-MMTr-A,16 5’-DMTr-A,16 2‘,3’-diben~oyluridine,~~ p-HOTr- 
OH,*)@ m-HOTrOH,88@ DPTrOH,a*8 DPTrCl,B p-AcOTrC1,lO 
and m-AcOTrC1.10 

(p-Bromophenacyloxypheny1)diphenylmethanol (Zf).-(p- 
Hydroxypheny1)diphenylmethanol (2b) (5.52 g, 20 mmol) , p -  
bromophenacyl bromide (5.56 g, 20 mmol), and powdered po- 
tassium carbonate (20 g) were stirred overnight in dry acetone 
(200 ml) a t  30”. The reaction mixture was filtered and 
evaporated to dryness. The residue was crystallized from 
methanol (20 ml) to give 8.0 g (88%) of 2f: mp 118-120’; 
Xmar (EtOH) 260 mp ( E  21,800); ir (Nujol) 2.80, 2.92, 5.84, 
6.20,6.30, 8.15,8.44,9.10~. 

Anal. Calcd for C97HllOaBr: C, 68.5; H ,  4.5; Br, 16.9. 
Found: 

(p-Bromophenacyloxypheny1)diphenylmethyl Chloride (3f).- 
The above methanol (2f) (1 g)  was dissolved in acetyl chloride 
(15 ml) with warming. The deep yellow solution was kept a t  
room temperature 15 min, diluted to 125 ml with petroleum 
ether (bp 30-60°), and kept a t  0’ overnight. Colorless crystals 
of 3f separated and were filtered, washed with dry petroleum 
ether, and dried in vacuo to give 0.91 g (88%) of product 
which decomposed without melting. 

Anal. Calcd for Cz7HzoOzBrC1: C, 65.8; H,  4.1; Br, 16.3; 
C1, 7.2. Found: C, 65.6; H ,  4.3; Br, 14.3; C1, 63, 

Action of Zinc Dust and Acetic Acid on BFTr0H.-When a 
0.5% solution of the trityl alcohol in acetic acid (clarified, if 
necessary, by the addition of a few drops of acetone) was kept a t  
room temperature overnight and then examined by tlc (silica 
gel, solvent B),  no degradation of the compound was ob- 
served. I n  the presence of zinc dust (100 mg), however, the 
compound was significantly hydrolyzed (>25%) to p-HOTrOH 
in 20% acetic acid in 1 hr. Hydrolysis was complete with 80% 
acetic acid containing zinc dust in 1 hr. No hydrolysis was 
observed when ethanol was substituted for acetic acid. 

Preparation of 5’-Trityladenosine Derivatives.-Compounds 
4a, 4c, 4e, and 4f were prepared as follows. A solution of 
adenosine (1.5 g, 5.22 mmol), dried by repeated evaporation 
from anhydrous pyridine, in a mixture of dry dimethylformamide 
(35 ml) and pyridine (65 ml) was treated with a solution of the 
trityl chloride (5.2 mmol) in dry dimethylformamide (10 ml). 
After standing at  room temperature for 5 days, the reaction 
mixture was poured into ice-cold water (800 ml). The pre- 
cipitate thus obtained was washed with water, dried over PSOS 
in vucuo, and recrystallized from ethyl acetate-benzene. In- 
formation concerning the properties of substituted trityl- 
adenosines is given in Table 111. 
5’-(p-Hydroxyphenyl)diphenylmethyladenos~e (4b).-A so- 

lution of 4c (0.6 g, 0.83 mmol) in dimethylformamide (5 ml) 
was treated with aqueous 58% ammonium hydroxide ( 5  ml) and 
the mixture stirred for 6 hr a t  room temperature. After evapora- 
tion under reduced pressure to a dry residue, the product was 
crystallized twice from ethanol to give 0.50 g (82%) of 4b, mp 

5’-(m-Hydroxyphenyl)diphenylmethyladenosine (4d).- 
This compound was prepared in the same way as the above com- 
pound from 4e as crystals (78% yield), mp 182-184”. 

C, 68.2; H ,  4.7; Br, 16.5. 

192-193’. 

(16) R. Lohrmann and H. G. Khorana, J .  Amer. Chem. Soc., 86, 4188 
(1964). 

TAUNTON-RIGBY, KIM, CROBSCUP, AND STARKOVSKY 

TABLE I11 

AND NITCLEOTIDES 
PROPERTIES AND YIELDS OF 5‘-TRITYL NUCLEOSIDES 

r--Ri----? 
Yield, Tla, silica, Whatman No. 1, 

Compound % aolvent B solvent A 
5’-DPTr-A (4a) 53 0.57 0.85 
5’-(p-HOTr)-A (4b) 82= 0.37 0.84 
5‘-(p-AcOTr)-A (4c) 60 0.41 0.84 
5’-(m-HOTr)-A (4d) 780 0.36 0.84 
5’-(m-AcOTr)-A (4e) 65 0.39 0.84 
5’-BPTr-A (4f) 88 0.52 0.82 
5‘-BPTr-T (5a) 90 0.80 0.97 
5’-BPTr-dU (5b) 73 0.75 0.86 
5’-BPTr-dA (5c) 91 0.65 0.83 
5‘-BPTr-dG (5d) 89 0.65 0.80 
5’-(p-HOTr)-T (6a) 49 0.72 0.90 
Y-(p-HOTr)-dU (6b) 40 0 ,65  0.85 

39 0.50 0.75 5’-(p-HOTr)-dA (6c) 
5’-(p-HOTr)-dG (6d) 33 0.51 0.72 
5’-BPTr-TpT-DHC (7a) 42 0.83 
5’-BPTr-dUpT-DHC (7b) 54 0.85 
j‘-BPTr-dUpT (9d) 94 0.80 
5 ’- (p-HOTr )-TpT-DHC (1 Oa) 31 0.78 
5’-(p-HOTr)-dUpT (lob) 50 0.69 
5‘-BPTr-U(OAc)-3’-p (1 1) 97 0.79 
~ ’ -BPT~-U(OAC)~U(OBZ)~  (12) 47 0.83 
5’-BPTr-U(OAc)pU(OAc)pU(OBz)~ 34 0.84 

5‘-BPTr-UpU (15) 83 0.75 
5‘-BPTr-UpUpU (18) 83 0.63 

derivatives. 

(14) 

a Obtained by alkaline hydrolysis of the corresponding acetoxy 

Preparation of 5’-BPTr Deoxyribonuc1eosides.-Compounds 
5a-d were prepared as follows. A pyridine solution (2 ml) of 
the deoxyribonucleoside (1.0 mmol) was treated at 0’ with 
BPTrCl (0.54 g, 1.1 mmol) for 4 hr and then overnight a t  room 
temperature. Water (100 ml) was added and the mixture ex- 
tracted with methylene chloride (three 100-ml portions). The 
organic extracts were dried (MgSOI), and the solvent was re- 
moved in vacuo and the residue recrystallized from benzene. 
The yields and properties of these compounds are summarized 
in Table 111. 

Detritylation Experiments.-Samples of the 5‘-trityladenosine 
compounds (4a-f, Sa-d, and MMTr-A and DMTr-A) (1.5-2 p 
mol) were treated with 20, 40, and 89% acetic acid (0.2 ml) a t  
room temperature. The reactions were followed by tlc using 
silica plates (solvent B) and on Whatman No. 1 paper (solvent 
A). The results are summarized in Tables I and 11. 

The detritylation of 4f and 5a-d was also studied under the 
same conditions in the presence of zinc dust (20 mg). 

Preparation of J’-(p-HOTr) Derivatives from the Correspond- 
ing S’-BPTr Nucleosides (4b from 4f, 6a from Sa, 6b from 5b, 6c 
from Sc, and 6d from Sd).-Samples of 4b and 5a-d (0.1 mmol) 
were treated with 30% acetic acid (2 ml) and zinc dust (200 mg) 
for 45 min at room temperature. The solutions were filtered, 
neutralized to stop the reactions, and chromatographed on pre- 
parative tlc (silica, solvent B). Bands of product were eluted and 
crystallized from benzene, Yields were: 4b, 41% (adenosine 
32%); 6a, 49% (thymidine 33%); 6b, 40% (deoxyuridine 
37%); 612, 39% (deoxyadenosine 29%); and 6d, 33% (deoxy- 
guanosine 28%). 

5’-(p-Bromophenacyloxytrityl)thymidylyl- (3’-5‘)-3‘-dihydro- 
cinnamoylthymidine (5’-BPTr-TpT-DHC, 7a).-A mixture of 
5’- (p-bromophenacyloxytrityl)thymidine (Sa, 353 mg, 0.5 mmol) 
and 3’-dihydrocinnamoylthymidine 5’-monophosphate6 (414 mg, 
0.91 mmol) together with dry Dowex 50W-X8 (pyridinium) resin 
(1.0 g) were dried by azeotroping with pyridine. The mixture 
was dissolved in dry pyridine (7 ml) and a solution of dicyclo- 
hexylcarbodiimide (840 mg, 4.08 mmol) in pyridine (1 ml) was 
added; the mixture was stirred a t  room temperature for 5 days. 
The solution was cooled and treated with an equal volume of 
water and after standing 2 hr extracted with three portions of 
cyclohexane (40 ml). The aqueous layer was stored overnight 
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a t  0" and then filtered and concentrated in vacuo. The prod- 
uct was isolated by paper chromatography on Whatman NO. 
3MM, solvent A, to give the protected dinucleoside monophos- 
phate, 245 mg (42%). Rr 0.83 (solvent A). 

Thpidylyl-(3'-5')-thymidine (8a).-A sample of 5'-BPTr- 
TpT-DHC (7a, 20 mg) was treated with acetic acid (40%) (1 
ml) and zinc dust (25 mg) for 1 hr and the solution chromato- 
graphed on Whatman No. 3MM (solvent D). The band a t  Rr 
0.67 was eluted and the solution lyophilized to give TpT-DHC 
(sa, 11 mg (91%). The dihydrocinnamoyl group was removed 
from this dinucleoside monophosphate by the enzyme a-chymo- 
trypsin (see ref 5 )  to give TpT (8a). 

5 '- (p-H y droxytr ity1)thyrnidylyl- (3 '-5 ' )-3 '-dihydrocinnarno y l- 
thymidine (5'-(p-H0Tr)-TpT-DHC, 10a).-The hydrolysis of 
5'-BPTr-TpT-DHC (7a) (150 OD's) was studied using 20, 40, 
and 60% acetic acid (0.1 ml) and zinc dust (2 mg) and followed 
by tlc (cellulose, solvent A). In  1 hr using 60 or 40% acetic 
acid there was complete detritylation to give TpT-DHC (sa). 
However, on using 20% acid and Binc for 1 hr the intermediate 
5'-(p-HOTr)-TpT-DHC (loa) could be isolated by paper chro- 
matography (solvent A) together with TpT-DHC (sa). The 
yields follow: loa, 15 OD260 units (31'3,), and sa, 18 ODm 
units (39'3,). 

Similar studies were made using 40, 60, and 80% acetic acid 
in the absence of zinc dust. Only in the case of 80% acetic acid 
was any hydrolysis observable after 24 hr. 

d-5'-(p-Bromophenacyloxytrityl)uridylyl-(3'-5')-3 '-dihydro- 
cinnamoylthymidine (5'-BrTr-dUpT-DHC, 7b).-This was 
prepared in the same way as 7a using 5'-BrTr-dU (Sb, 300 mg, 
0.44 mmol) and pT-DHC (350 mg, 0.77 mmol). The product 
was isolated by chromatography on Whatman No. 3MM (sol- 
vent A), followed by lyophilization after removal of the salts, to 
give the dinucleoside monophosphate 7b as a white solid, 270 
mg (540j0), Rr 0.85 (solvent A). 
d-Uridylyl-(3'-5')-thymidine (8b).-The preceding fully pro- 

tected dinucleoside monosphosphate (7b, 20 mg) was dissolved in 
50% ethanol (2.5 ml), diluted with an equal volume of pyridine, 
cooled to 0", and treated with cold (0")  2 N sodium hydroxide 
solution (5  ml). After standing at  0' for 5 min, the solution 
was neutralized with Dowex 50W-X8 resin (pyridinium form). 
The solution was filtered, concentrated, and chromatographed 
on Whatman No. 3MM (solvent C). Elution of the zone Rr 
0.85 gave the dinucleoside monophosphate Y-BPTr-d-UpT 
(Ob), 16.7 mg (94%). 

This dinucleoside monophosphate (4 mg) was dissolved in 40% 
acetic acid (10 ml) containing zinc dust. After standing a t  
room temperature overnight the solution was filtered, evaporated, 
and chromatographed on paper (solvent A). The main zone had 
Rr 0.50 and on elution gave d-UpT (8b), Xman 263 mfi, 50 OD280 
units (74%). 

d-5'-(p-Hydroxytrityl)uridylyl-(3'-5')-thymidine ( 5 ' 4 ~ -  
H0Tr)-dUpT, 10b).-5'-BPTr-d-UpT (9b, 4 mg) was dissolved in 
20% acetic acid (10 ml), the solution treated with zinc dust (500 
mg), and the mixture shaken for 1 hr at  room temperature. The 
mixture was filtered, concentrated, and chromatographed. 
Work-up of the zone a t  Rt 0.69 (solvent A) gave 5'-(p-HOTr)- 
dUpT, lob, 35 OD280 units (50%). 

When 10 ODzeo units of 5'-(p-H0Tr)-dUpT were dissolved in 
90% formic acid (1 ml) for 10 min or 20% acetic acid (1 ml) for 
4 hr, and the solutions were chromatographed on Whatman 
No. 1 (solvent A), the unprotected dinucleoside monophosphate 
d-UpT (8b) was formed in both cases, Rt 0.48, 8.1 ODSSo units 
(85%) and 7.8 ODm units (82%), respectively. 

5'-(p-Bromophenacyloxytrity1)uridine 2',3'-Cyclic Phosphate. 
-Uridine 2',3'-cyclic phosphate (350 mg, 0.9 mmol) was dis- 
solved in a mixture of dimethylformamide (10 ml) and pyridine 
(1 ml) and treated with p-bromophenacyloxytrityl chloride 
(490 mg, 1.0 mmol). The mixture was stirred a t  room tempera- 
ture for 2 days and then treated with water (2 ml); the solution 
was evaporated to dryness and azeotroped with small portions 
of dry pyridine. The gummy residue was dissolved in pyridine 
(5 ml) and precipitated with dry ether (200 ml) a t  0".  The 
white precipitate was filtered and dried in vucw) to give 5'- 
BPTr-U>p, 650 mg (86%), Rt 0.77 (solvent A). 

5'-(p-Brornophenacycloxytrity1)uridine 3'-Phosphate.-The 
above compound (650 mg, 0.78 mmol) was taken up in dimethyl- 
formamide (8.0 ml) and 2.5 M ammonium acetate buffer (3.5 
ml) and incubated a t  37' for 24 hr with pancreatic ribonuclease 
(Bovine) (11 mg). The pH of the solution was maintained be- 
tween 7.5 and 7.6 by addition of 1.0 M ammonium hydroxide 

After standing for 4 hr the only product was sa. 

from a microsyringe. The solution was diluted with 1% aqueous 
ammonia until turbidity developed and then extracted with ethyl 
acetate (two 65-ml portions). The aqueous phase was saturated 
with sodium sulfate and extracted with n-butyl alcohol (four 
65-ml portions). The organic phase WES dried (Na~S04) and 
evaporated in vacuo in the presence of added pyridine, the residue 
taken up in 5% pyridine, and the solution passed through a col- 
umn of Dowex 50W-X8 (pyridinium, 4 X 19 em). The eluate 
was evaporated and rendered anhydrous by repeated evapora- 
tions of dry pyridine. The residue was taken up in dry py- 
ridine (5  ml), precipitated with cold dry ether (200 ml), col- 
lected, and dried in vacuo to give 5'-BPTr-U-3'-p, 490 mg (74%), 
Rt 0.71 (solvent A). 

2'-Acetyl-5'-(p-bromophenacyloxytrityl)uridine 3'-Phosphate 
(Il).-The above compound (440 mg, 0.57 mmol) was acetylated 
by dissolving it in acetic anhydride (0.6 ml) in the presence of 
tetraethylammonium acetate (6 .O mmol). The mixture was 
stirred for 16 hr a t  room temperature and then treated with a 
mixture of methanol-pyridine, 4:1, for 10 min. The solution 
was evaporated and the residue taken up in a mixture of 
methanol-pyridine-water, 3: 1: 1 (50 ml), and the solution passed 
through a column of Dowex 50W.XS (pyridinium) resin (2 X 
18 cm). The eluate was concentrated, dried, and precipitated 
with pyridine-ether in the usual way to give 11 as a white 
powder, 500 mg (97%), Rt 0.79 (solvent A). 

5'-(p-Bromophenacyloxytrityl)-2'-acetyluridylyl-(3'-5')-2' ,3 '- 
dibenzo yluridine (5'-BPTr-U (0Ac)pU (OBz)l, 12) .-Diben- 
zoyluridine (113 mg, 0.25 mmol), 5'-BPTr-U(OAc)-3'-p (11, 
324 mg, 0.36 mmol), and anhydrous Dowex (pyridinium) 
resin (1.0 g) were aeeotroped and then dissolved in dry pyridine 
(4 ml). A solution of dicyclohexylcarbodiimide (750 mg, 3.7 
mmol) in dry pyridine (6 ml) was added and the mixture stirred 
a t  room temperature for 3.5 days. It was then treated with 
water (10 ml) for 2 hr, extracted with cyclohexane (three 20- 
ml portions), and stored overnight a t  room temperature. The 
solution was filtered, concentrated, and chromatographed on 
Whatman No. 3 MM (solvent A).  The fully protected dimer 
was eluted as a zone Rt 0.83 and after drying precipitated from 
pyridine-ether as an off-white powder, 150 mg (47%). 

5'-(p-Bromophenacyloxytrityl)uridylyl-(3'-5')-uridine (5'- 
BPTr-UpU, 15).-The above fully protected dimer (27 mg) was 
treated with methanol saturated with ammonia at 0' for 16 hr. 
The solvent was removed in vacuo and the residue dissolved in 
pyridine and precipitated with ether to give 15, 18 mg (83%). 

Detritylation of the Dimers ~ ' - B P T ~ - U ( O A C ) ~ U ( O B ~ ) ~  (12) 
and 5'-BPTr-UpU (15).-Portions (2 mg) of the dinucleoside 
monophosphates 12 and 15 were treated with 10, 20, 40, 50, 
60, and 80% acetic acid (0.4 ml) and zinc dust ( 4  mg) a t  room 
temperature. The progress of the reactions was followed by tlc 
(cellulose, solvent A) and by paper chromatography (Whatman 
No. 1 ,  solvent A). In the case of 15 (5'-BPTr-UpU), Rf 0.73, 
detritylation was complete in under 1 hr with 2040% acetic 
acid and in 4 hr with 10% acid, to give UpU (16), Rt 0.45. The 
detritylation of 12 (5'-BPTr-U(OAc)pU(OBz)2), Rr 0.90, was 
also complete in under 1 hr with 20-8070 acetic acid, to give 
U(OAc)pU(OBz)l (Is), Rt 0.82 (367,), but in addition other 
side products were formed with Rt 0.76 (38%) and 0.86 (26%). 
Both products were trityl negative and showed the presence of 
uracil in their uv spectra. 

A second sample of ~ ' -BPT~-U(OAC)~U(OBZ)Z,  prepared from 
U(0Bz)z (75 mg, 0.17 mmol) and 5'-BPTr-U(OAc)-3'-p (100 mg, 
0.11 mmol), was not isolated but treateddirectly with9070 formic 
acid for 10 min a t  room temperature. After rapid evaporation 
of the formic acid in vacuo the residue was chromatographed on 
Whatman No. 3 MM paper (solvent A) and the band at  Rf 0.82 
eluted to give 13, U(OAc)pU(OBz)z, 32 mg (32%). An aliquot 
of this dinucleoside monosphosphate was treated with methanol 
saturated with ammonia for 16 hr to give UpU which was identi- 
cal with that prepared from 15. 

5'-(p-Bromophenacyloxytrityl)-2'-acetyluridylyl-(3 '-5')-2'- 
acetylurid ylyl- (3 '-5')-2',3'-dibenzoyluridine (5 '-BPTr-U (0Ac)- 
pU(OAc)pU(OBz)s, 14).-The dinucleoside monophosphate 13 
(U(OAC)~U(OBZ)Z) (32 mg, 35 pmol), 11 (5'-BPTr-U(OAc)-3'-p) 
(74 mg, 82 pmol), and anhydrous Dowex resin (pyridinium) 
(10 mg) were dried by coevaporation of pyridine and treated with 
a solution in dry pyridine (5 ml) of dicyclohexylcarbodiimide 
(100 mg, 485 pmol). The mixture was stored a t  room tempera- 
ture for 6 days and then treated with water (5 ml). After ex- 
traction with cyclohexane (three 10-ml portions) the aqueous 
phase was stored a t  0" overnight, filtered, and evaporated to 
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dryness, Chromatography (Whatman No. 3MM, solvent A)  
gave the product 14, Rf 0.84,21 mg (34%). 

S’-(p-Bromophenacyloxytrityl)uridylyl-(3‘-5‘)-uridylyl-(3‘- 
5’)-uridine (5’-BPTr-UpUpU, 18).-The preceding trinucleoside 
diphosphate 14 (7 mg) was treated with concentrated ammonia 
(5 ml) for 15 hr. Preparative paper chromatography on What- 
man No. 3MM paper (solvent A) gave 18 (5‘-BPTr-UpUpU), 
Rf  0.63, 4.5 mg (83y0). 

Detritylation of 14, S’-BPTr-U(OAc)pU(OAc)pU(OBz)Z, and 
18, 5’-BPTr-UpUpU.-Portions (0.5 mg) of the trinucleoside di- 
phosphates 14 and 18 were treated with 10, 20, and 40% acetic 
acid (0.2 ml) and zinc dust (2 mg) and the reactions followed by 
tlc (cellulose, solvent A). 

The detritylation of 18, Rf 0.63, was complete in 1 hr with 20 
and 40y0 acetic acid and zinc to give UpUpU, Rf 0.27. In the 
case of 14, Rr 0.84, the detritylation was also complete in under 
1 hr with 20 and 40y0 acid to give 17, U(OAc)pU(OAc)pU(OBz)2, 
Rf 0.43, but again side products were formed, Rr 0.49 and 0.53. 

Treatment of 14, ~‘-BPT~-U(OAC)~U(OAC)~U(OB~)Z (30 
ODs80 units), with 90% formic acid (1 ml) a t  room temperature 
for 10 min, followed by evaporation and chromatography (What- 
man No. 3MM, solvent A), gave 17, U(OAC)~U(OA~)~U(OBZ)Z ,  
21 OD260 units, Rf 0.43. Treatment with concentrated am- 
monia for 16 hr gave UpUpU. 

Registry No.-2f, 33608-41-2; 3f, 33608-42-3; 4a, 

87-2; 4e, 33531-88-3; 4f, 33531-89-4; Sa, 33531-90-7; 
5b, 33531-91-8; 5c, 33531-92-9; 5d, 33531-93-0; 6a, 

33531-97-4; ’ra, 33531-98-5; 7b, 33531-99-6; 8a, 
1969-54-6; 8b, 10300-41-1; 9b, 33532-02-4; loa, 

33531-85-0; 4b, 33608-43-4; 4~9 33531-86-1 4d, 33531- 

33531-94-1; 6b, 33531-95-2; 6c, 33531-96-3; dd, 

33532-03-5; lob, 33532-04-6; 11, 33532-05-7; 12, 
33532-06-8; 14, 33545-29-8 ; 15, 33608-44-5 18, 
33608-45-6; 5’-(p-bromophenacyloxytrityl)uridine 2’,- 
3’-cyclic phosphate, 33532-07-9; 5’-(p-bromophenacyl- 
oxytrity1)uridine 3’-phospate, 33532-08-0, 
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Asymmetric induction in the ene reaction of (- )-menthyl glyoxylate with pent-1-ene has been studied. Opti- 
cal yields were found to depend on temperature, solvent, and catalyst. The configuration of the new dissymme- 
tric center in the obtained adducts changed with catalyst. In the presence of SnClr, BFI, and TiCL configura- 
tion X was induced, whereas with AlCla center with configuration R was obtained. Postulation of an equilibrium 
between transition states derived from single- ( 8 - )  cisoid and transoid conformations of carbonyl groups of (- )- 
menthyl glyoxylate accounts for the results of asymmetric induction in the examined ene reaction. 

Studies of partial asymmetric synthesis are of theo- 
retical and preparative interest. On one hand they 
may be used as a tool to establish or relate configu- 
ration,‘ or, when configuration of the substrate and 
product is known, asymmetric induction may serve as 
a criterion of the assumed geometry of a transition 
state. On the other hand, high (70-100%) optical 
yields achieved for several reactionsz open the pos- 
sibility of applying asymmetric synthesis as a method 
for the preparation of optically active compounds with 
the desired absolute configuration. Though the area 
has been studied extensively with respect to both of 
these possibilities, little is known about asymmetric 
induction in the ene3 reaction, for which so far only two 
examples have been e ~ a m i n e d . ~  In this paper we 
describe the results of the asymmetric induction in the 
ene condensation of pent-1-ene with (-)-menthyl 
glyoxylate in the presence of Lewis acid type catalyst. 

Results 
Data reported by Klimova, et U Z . , ~  indicate that butyl 

glyoxylate is an enophile of low reactivity. The 
thermal reaction (150”) with olefins gives poor yields; 

(1) E .  L. Eliel, “Stereochemistry of Carbon Compounds,” McGraw-Hill, 

(2) T. D. Inch, Synthesi8,466 (1970), and references cited therein. 
(3) For the review, see H. M. R .  Hoffman, Anoew. Chem., Int. Ed. Enol., 

(4) R .  K. Hill and M .  Rabinowitz, J .  Amer. Chem. Sac., 86,965 (1964). 
(5) (a) E.  I. Klimova and Y. A. Arhuzow, Bokl.  Akad. Nauk SSSR, 167, 

1060 (1966); Chem. Abstr., 66, 3736h (lg66); (b) E. I. Klimova, E. G. 
Treshchova, and Y. A. Arhuzow, Dokl. A k a d .  Nauk SSSR, 180, 865 (1968); 

New York, N. Y., 1962, p 72. 

8 , 5 5 6  (1969). 

however, when catalyzed by Lewis acids it takes place 
readily a t  room temperature. Accordingly, we found 
that (-)-menthyl glyoxylate in the presence of 1 
equiv of tin tetrachloride a t  room temperature reacted 
with pent-1-ene to afford in 8701, yield the expected 
adduct, (- )-menthyl 2-hydroxy-4-heptenoate (1). 
Likewise high yields of adduct 1 were obtained with 
other Lewis acids (A1C13, BF3, TICIS. The structure 
of 1 was confirmed by analysis, spectral data (ir, nmr), 
and chemical transformations shown in Scheme I. 

Adduct 1 was comprised of two components6 (vpc) 
which we assumed to be cis and trans isomers, since 
catalytic hydrogenation of the double bond of adduct 1 
yielded dihydro derivative 2, giving only one peak in 
vpc, whereas methanolysis of 1 gave methyl ester 3 as a 
two-component mixture (vpc). 

The optical yield of the ene reaction and the absolute 
configuration of the new dissymmetric center predomi- 
nantly formed in adduct 1 were established by corre- 
lation of the latter with a compound of known specific 
rotation and absolute configuration, i.e., methyl (-)- 
malate. To this end adduct 1 was subjected to 
ozonolysis, oxidative decomposition of the ozonide, and 
subsequent hydrolysis and methylation of malic acid 
with diazomethane (Scheme I). The methyl malate 
Chem. Abstr., 69, 6717313 (lg68); (0) E.  I. Klimova and Y. A. Arbuzow, 
Dokl. Akad. Nauk SSSR, 1’78, 1332 (1967); Chem. Abstr., 6’7, 108166C 
(1967). 

(6) In  principle, adduct 1 is a four-component mixture: geometric isomers 
of two diastereoisomers. However, separation by vpc of isomers other than 
cis and trans in this case is rather unlikely, as follows from the vpc examina- 
tion of the hydrogenation and methanolysis products. 


