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Abstract—A series of long-chain 3-hydroxy-2-alkyl acids structurally analomns to mycolic acids are reported. The
synthesis applied, making use of 3-keto esters as intermediates, permits the insertion of 2-alkyl groups having no

structural relationship to the main acid chain.

The mycolic acids (7, with R, mngmgashlghasca,and
R;=Cys to Cis) are high molecular weight micro-
blolopcal products showmg either as such or as deriva-
tives, diverse biochemical and immunological proper-
ties.” One of the reasons for undertaking the work
reported below was to make analogues available for
testing, the results of which would help in defining a
structure-activity relationship. With this in mind, we
have now synthesized a group of long-chain 3-hydroxy-2-
alkyl acids 7, all modeled after mycolic acid. Since at
least in the first go around, stereochemical individuality
was only of secondary importance, we deferred separa-
tions and resolutions and focussed instead on the struc-
tures.

Of the several approaches to g-hydroxy acids, prob-
ably the most familiar is the Reformatsky condensation.?
However, we did not pursue this method, since our
target compounds would require reactant pairs—long-
chain aldehydes with long-chain a-bromo esters—com-
binations of which are known to give poor results.” Other
potefitially useful syntheses are known,* but because
none offered the directness of the process formulated as
1-t0-7, we chose to rely on this sequence.’ This sequence
may be regarded as a variation of the Claisen ester
condensation, one that enables the R, and R, groups in 7
to be chosen at will. The results we obtained serve a
second purpose in future delineating the scope of this
flexible approach, with particular reference to the length
of the substituent groups.

Syntheses

The initial stage made use of lithium enolates derived
either from acetate or from higher esters (2 or 3).° These
were acylated with an acid chloride 17 to give, respec-
tively, the 3-keto ester 4 or the 2-alkyl-3-keto ester §. The
latter compound could also be reached by alkylation of 4
with alkyl halides, some of which had to be synthesized.
Reduction with borohydride followed by saponification
of the intermediate 3-hydroxy-2-alkyl esters 6 furnished
the desired mycolic analogues 7.

The final products 7 had R,=C,Hz;, CyHy and
C1»Has; R, ranged from H t0 CoHes.

A troublesom problem encountered in this sequence
mvolvedthedecreasedsolubimyandlowermcuvnyof
the long-chain compounds, particularly in the acylation
step. Juggling with the solvents and operating at some-
what higher temperatures than usual helped here to some
extent. Another problem was in the saponification step,

R.COCI + CH;COOR. R,COCI + <::Hcoon.

1 l 2 R
R.COCH:COOR. L. n.co?ucoon,
Rs
4 5
IH IH l
A,CHCHCOOH <«——  R,CHCHCOOR.
7 6

6-to-7, where the yields could not be brought above 70%.
Presumably this is the consequence of a side reaction,
cleavage of hydroxx ester 6 by a base-catalyzed retro-
grade aldol process.

An attractive alternate method for synthesizing 3-
hydroxy-2-alkyl acid 7 in essentially one step involves
adding the dilithium derivative of a fatty acid to an
aldehyde carbonyl. This was tried with the dilithium
derivative of octadecanoic acid and octadecanal, but was
unsuccessful.”

EXPERIMENTAL

Temperatures are uncorrected. The NMR curves were deter-
mined at 60 MHz, with CHC; used at times as internal reference.
For tic, we relied on small commercial plates precoated with
silica gel (0.1mm and 0.25mm thick). Tk spots were made
visible by exposing the plate to iodine vapors, or by spraying
with 5% HSO, and then heating at 250-300°, or occasionally by
using UV light. The Florisil used for column chromatography
was 60-100 mesh. Dry column chromatography'® was performed
preferably with ICN silica gel (Brockmann grade III; 0.2-0.3 mm
particle size); Florisil or standard silica gel (0.06-0.2 mm) gave
less satisfactory results. Removing low-boiling solvents was ac-
complished routinely by distillation in a rotating evaporator at
water-pump pressures and at external temps maintained at 50° or
below

Alkyl halides. Commercial octadecyl alcohol when treated
either with SOC; in benzene containing pyridine or with boiling
CCl, comtaining triphenylphosphine gave octadecyl chloride.
Both methods were acceptable (75-85% yields), but for larger
runs the SOCl, conversion was preferred. Commercial octadecyl
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Table 1. Borohydride reduction of keto-esters 5 to hydroxy-esters 6

R.I ltz RJ ::o% rl”n:;":f st(:'l'v]lgnt z: e%d p of g
Cipos | CMs | Cghyy | 3.87 7.27 | cHgoH(2s) | 915® | of
Critpy | Sy | CogMeg | 0.42 0.21 CHy0H(20) | &1s® | 69-70°
CoiMag | CM5 | CoqMeg | 038 2.3 CHOH(10) [ 745° | 40-45°
Ciptgs | Oy | 3.4 0.85 | cHon(eo) | sos? | se-57°
CiMas | O | oy 0.85 0.41 CHy0H(25) | 853® | 42-4s°
Ciptys | CHy | Cogheg | 0-25 3.2 cHy0H(35) | sox® | e2-e6°f

*Obtained by dry column silica gel chromatography (benzene). The product showed two overlapping spots
on a tic plate with R,’s approx. 0.23 and 0.34 (9:1 hexane—¢thyl acetate).

’Pwiﬁedbydrycdnmchmmﬂmphy(CHCl,).Aseeondpassseptmedthepmdnctintothetwod‘m-
tereomers, one with m.p. 74-75° (R, 0.8 with CHCl,), and the second with m.p. 67.5-70° (R, 0.7 with CHCl,).

“Obtained by standard chromatography through Florisil using the solveats hexane-benzene (1:1), benzene, and
benzene-CHCl, (1:1). The product showed two overlapping tic spots, R, 0.5 and 0.44 with 1:4 ethyl acetate-
hexape.

9A side product, which was removed conviently as hexane-insoluble material, proved to be the corresponding
hydroxy-acid 7 (R, = C;Hss; Ry = H). The hydroxy-ester main product, purified ¢ither by dry column chromato-
graphy (CHCLy) or by standard chromatography through silica gel (CHCL), showed R, 0.35 with CHCl;,. When
equimolar amount of keto-ester § and borohydride were taken, the yield dropped to 619; with excess borohydride,
unidentified polar products were formed.

*Chromatography with Florisil and CHCI, led to product showing a single tic spot, R, 0.45 with 85:15
chloroform-ether.

This product could be separated by silica gel chromatography (CHCI,) into two forms, the more pofar of which
bad R; 0.25 (CHCl;) and the less polar of which, m.p. 79-80°, had R, 0.3 (CHCL).

Table 2. Carbon and hydrogen composition for 3-hydroxy-2-alkyl esters 6

Hydroxy-ester 6 Calcd. Found

L R, | Ho) c H c H

Fomi a

Catiag CHy GHyy CaHe2%3 73.69 12.28 78.83 12.34

€125 CHg Cagtlag CeoMao0s 78.88 13.16 79.19 13.26

Cifas CHy H Co1He203 73.63 12.36 73.66 12.36
CiM3s CHy Ciy - CoHee03 74.16 12.36 74.00 12.08

€35 CHy Coglies CasHoo03 79.57 13.36 79.58 13.21
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Table 3. Hydroxy acids 7 by saponification of hydroxy esters 6

W | e ety w el
CMas | csMy 3t 10% ¥OH (methanol)- s 72-80°*
Cifes | Coalag n® 105 HaOH (1:19 H,0-C,HeOH) o6 92-94
cﬁ“ss H 3¢ 10% NaOH (1:9 Hp0-CH4OH) 60-69 87-8¢°
Cigs | Oy ot 10% NaOH (CHoOH plus some H,0) 60-70 55-58%
CMas | CogMag 28* 10% KOH (1:9 Hy0-CHaOH) 70 66-68°
Citss | CrgMas 2sf 108 NaOH (CHy0H pius some Hy0) 72 79-837
CyM3 Cieiay ns 4% ¥OH (dioxane, CH,OH, 4 some H,0) 89 q.

*The cthyl ester was used. The product was purified by dry column chromatography through sifica gel (9:1
CHC1,-CH;OH).

This refers to the ethyl ester. The reaction temp. was held at 70°. The crude product was dried, rinsed with
hexane in which it was insoluble, and then chromatographed on a dry column (1:1 CHCly-cther). Treating the
corresponding methyl ester in essentially the same way gave the acid, m.p. 92-93°, in 73% yield. The two acids
(mixture m.p. Mpnthcmnnanmﬂcmmmm&moxm&l 1
CHCly-ether. Furthermore, the acid obtained from the ethyl ester was esterified with diazomethane to yield a
methyl ester with the same tic properties as the first methyl ester. Saponification coanditions were important; thus
exposing the ethyl ester either to 10% alcobolic KOH or to 10% aqueous KOH, both at room temp. afforded the
acid in poor yield mixed with other materials.

“Refers to the methyl ester. After washing the hydroxy acid product with cold hexane, it was crystallized from
CHCI; or CHCly-hexane.

SRefers to methyl ester. Product was obtained by standard chromatography through Florisil (CHC; and then 1:4
CH,OH-CHCl,) followed by crystallization from hexane.

*The methyl ester was used. Purification was effected by standard chromatography (silica gel, with CHCL
followed by 1:9 CH;OH-CHCl,).

*The methy] ester was prepared by Claisen condensation (NaH) of two molecules of methyl octadecanoate,'® and
then reduction. The final product was crystallized from hexane.

*The molar ratio refers to the methyl ester 6(R, = 8-heptadecenyl, R, = 7-hexadecenyl, R, = CH,) obtained by the
Claisen condensation of methyl oleate™ followed by reduction. The hydroxy acid was obtained by dry column
chromatography through silica gel (20: 1 benzene-CH;0H).

Table 4. Carbon and hydrogen composition for 3-hydroxy acids 7

Hydroxy-acid 7 Calcd. Found
Rl Ra Mol. [ H c H
Formula
c"u” cslln c“umos 72.61 12.11 72.83 12.26
Ciatas Coalag c”u,‘o, 78.62 13.10 78.49 12.9
G35 O, CoHaz0a 73.69 12.28 73.60 12.42
CyM3s H ‘zo"ao°3 3.1 12.28 73.33 12.43
Cy 35 Cotlag Ceat'ga®3 78.57 13.09 78.86 13.36




chloride contained a large proportion of octadecyl alcohol, and
was unsuitable for the Grignard reaction.

Tetracosanyl iodide was available from tetracosanyl bromide
or from tetracosanyl alcohol. The bromide was synthesized by
exundmthewbonchmmoctadecylchlondenfoﬂom With
dry argon or nitrogen as an inert atmosphere, octadecylmag-
nesium chloride was formed by refluxing and stirring a mixture
of octadecyl chloride (7.1g; 25 mmol), Mel (0.03 ml) as a starter,
and Mg turnings (0.63g; 26 mmol) in 15 ml of THF overnight.
The Grignard reagent was slowly introduced (1br) at 0° to a
vigorously stirred soln of 1,6-dibromobexane (17.8 g; 73 mmol) in
dry THF (20 ml) containing 1.5 ml of a soln of dilithium tetra-
chlorocuprate'' previously prepared from LiCl (1.3 mmol) and
copper(Il) chloride (0.7 mmol) in 10ml of THF. Residual Grig-
nard soln was washed in with 10mi of THF. After 2hr of
stirring, NH,Cl aq was added, and the mixture was processes as

usual to obtain the product, tetracosany! bromide, which after .

several crystallizations from acetone weighed 3.1g (30%) and
showed m.p. §1-52.5° (lit.'? m.p. 52-53.5%), and was homogencous
according to tic. A less soluble fraction, m.p. 71-73° (or from
other runs as high as 84°), which was isolated from the acetone
recrystallizations, was taken as the CoHys normal hydrocarbon
(1it.” m.p. 83-84°). Trials using different molar ratios of reactants
gave no better yields of tetracosanyl bromide. This was con-
verted to tetracosanyl jodide by treatment with excess Nal in
acetone. Silica gel ¢! y (benzene solvent) afforded
pure tetracosany! jodide (90%), m.p. 52-53° (lit."* m.p. 54.5-55.5°).

An alternate sequence made use of methyl tetracosanoate and
tetracosanyl alcohol as intermediates. The ester was obtained by
oonphngtndeanyllmgesmbmmidemthmethylll fodoun-
decanoate as follows.”” A bright yellow suspension of methyl-
copper(l) was formed from ethereal methyllithivom (11 ml or
19.8 mmol) and 98% copper(D) iodide (3.90g; 20.5 mmol) in dry
THF. After mixing at - 65°, the reaction was stirred at this temp.
for 1br; it was then slowly warmed to 0° and then returned to
-65°. A Grignard soln, which was formed by stirring and
refluxing tridecyl bromide (5.42 g; 20.1 mmol), Mel (0.1-0.2 mmol,
added initially), and Mg turnings (0.482 g; 20.16 mmol) in 10 m! of
THF, was injected (10 min) at —65°, with Sml of THF used to
complete the transfer. After stirring at —65° for 1 hr, the mixture
was allowed to warm to 10°; as soon as a clear soln developed, it
was cooled to -65°. Methyl 1l-iodoundecanoate (7.0g;
21.5 mmol) in THF was injected (10 min) to this tridecanyl cop-
per complex, and the mixture was stirred at —65° for 1hr and
then at room temp. for 2 hr before hydrolyzing and processing.
Crystallization from acetone afforded white methyl tetra-
cosanoate (4.3 g; 56%, and in other runs up to 75%), m.p. 57-58°
(lit.'* 58.4°). This ester was reduced with LAH in ether to
tetracosanyl alcohol, obtained in 86% yield as white, well-for-
med, homogeneous crystals, m.p. 76-76.5° (lit." 76-77"). Treat-
ment of the alcobol at 110°* with iodine and red P (molar ratios,
1:2:0.8) led to the desired homogeneous tetracosanyl iodide
(81% after acetone crystallization), m.p. 52.5-53.5°.

Undecy! chloride, tridecyl bromide, and pentadecy! bromide

were purchased.
Acyl chlorides. Octadecanoic acid with thionyl chloride or
with oxalyl chloride gave octadecanoy! chioride,'”” which was
genenally distilled (b.p. 165° at 0.1 mm) before use. Dodecanoyl
chloride, a commercial product, was redistilled.

Ethyl 3 - ketotetradecanoate (4, Ry = CHy(CHy)- and Ry =
CH,CHy). The lithio derivative of isopropyl - cyclobexylamine
(distilled from calcium hydride) was prepared under N, by slowly
injecting BuLi (41 mi, 240 M in hexane, or 98.4 mmol) into a
stirred, ~20° solution of freshly distilled amine (20 ml; 110 mmol,
in THF (45m). ing pure EtOAc (49ml; 51.9mmol,
followed by 5 m! of THF) at —60° and then holding the mixture at
~20° for 30 min allowed the enolate 2 to form.® A soln of
do(hmlchbﬁde (11.6g; 53.3 mmol) in THF (10 ml plus S ml)
was by syringe, and stirring was continued for another
2hr,

The mixture, acidified at ice-bath temp. with HCI, was extrac-
ted with ether. The extract was shaken with portions of dil. HCl,
water, NaHCOsaq, and brine before drying and removing all
volatiles at room temp. Vacoum distillation of the residue gave
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11g (78%) of colorless 4R, = C;;Hy and Ry = Et), b.p. 123-125°
(0.15mm). This product, before as well as after distillation,
sbowedamlpotonﬂc(&o.iwnhl4EtOAo-heune)
(Found: C, 71.30; H, 11.21. Calc. for C;HyOs: C, 71.11; H,
11.11).

Use of methy! instead of EtOAc afforded the corresponding
B-keto ester product in about the same yield.

Erllyl 3-keto-2-tetracosanyltetradecanoate (S, R,=C,Hx,

Cz“s- R; = CyHe) by alkylation. Cw«kl—cllﬂzh

R,-Et) in THF (0.290g or 1.07mmol in 10ml) was injected
gradually into a stirred slurry (109 of NaH (49.5mg or
1.18mmol in the form of a 57% oil dispersion) with 15 ml of
THF. After stirring the soln at 0° for 30min, tetracosanyl
bromide (466.5 mg; 1.12 mmol) in THF (5 ml) plus hexamethyl-
phosphoramide (5 ml) was injected. The alkylation mixture was
stirred overnight at room temp. and then reftuxed 6-12 hr.

After quenching with ice-cold sat NH,Claq, and processing in
the usual way, the crude product was chromatographed on a
Florisil column at first with hexane as solvent and then progress-
ing to 9:1 hexane-benzene, 1:1 hexane-benzene, benzene, 4:1
benzene-chloroform, and lastly chloroform. Unchanged tetra-
cosanyl bromide (95 mg) emerged as an carly eluate. The desired
product appeared in the 1:1 hexane-benzene and the benzene
fractions, followed later by impure starting ester.

Crystallization of the product from hexane afforded pure
SR;=CyHy, Ry=Et, Ry;=CyHy) as a solid (385 mg; 59%),
m.p. 57-58°; R, 0.61 with 1:4 EtOAc-hexane; IR (CHCL,) 1735,
1710em™"; NMR(CDCI,)&M(q,J =75Hz, 2, 0CH,),338((,

I=178, 1, E-CH-E), 2350 (t, =675, 2, CH;E), 1.27 and
0.88 ppm (t overlapped by s and t, 73, remaining H's). (Found: C,
T9.45; H, 13.02. Calc. for CoHn05: C, 79.21; H; 12.87).

No alkyiation occurred when THF alone was taken as solvent.

mcormmm“CnH”. Ry = Me, Ry=CHy), m.p.
62-64°, was prepared in esseatially the same way.

Trials making use of lithium isopropyicyclohexylamide in a
procedure similar to that described for the synthesis of ethy!
3-keto-2-pentyltetradecancate failed when applied to the one-step
acylation of methyl hexacosanoate with dodecanoyl chloride. At
least 80% of the starting ester was recovered. Solubility may
have been the problem here, since large amounts of the hex-
acosanoate failed to dissolve at —60°, and as a result, enolate
formation had to be carried out at —30°. Also, during the acyl-
ation step (—55°) the reaction mixture persisted as a thick sturry.
Using hexamethylphosphoramide with THF did not help. Related
attempts to acylate methyl docosanoate with dodecanoyl chloride
gave results suggesting that the balky stage was enolate for-
mation.

E‘h’l }kao-z-patyhdmdxalwate (5, R| =Cy;Hy, Rz
C;Hs, Ry = CsHy;). The reactants were ethyl heptanoate (0.87g;
$.Smmol), isopropylcyclohexylamine (11mmol), BuLi
(11 mmol), and THF solveat (15 ml). The ester in 5 m! of solvent
was added at —60° followed, after 1hr, by dodecanoyl chloride
(1.31g; 6.0 mmol) in 10 ml of THF. The acylation was allowed to
proceed for 2 hr at —50° before quenching. The product, ethyl 3-
keto - 2 - pentyltetradecanoate was isolated as a homogeneous
material (R, 0.52 with 9:1 hexane-ethyl wetate) by dry-column
chromatography'® (silica gel with benzene) in the form of an oil
(155; 81% based on the ester taken); IR (ncat) 1740 and
1710 cm™'; NMR (CDCly) 5 4.14 (g, ] = 7.5 Hz, 2, OCH3,), 3.35 (¢,

J=15Hz, |, (!-CH—%), 25 (broad t, 2, CH;(“:). 125 and
0.88 ppm (s and t, 35, CHy's and CH,'s). (Found: C, 74.24; H,
11.60. Calc. for C;;HOs: C, 74.11; H, 11.77).

Mzdlyl }m-z-m’m’m (5 R['C"H”, Rz Rg
CHy). The direction for acylating propionate were essentially the
same as those used for acylating acetate. The starting materials
were methyl propionate (5.95 mmol), BuLi (equimolar amount),
and octadecanoyl chloride (1.8g or 5.95 mmol). Dry-column
chromatography throogh silica gel using 2: 1 chloroform-hexane
served to purify the product. Zones were detected under UV
light. Preparative plate chromatography (1 mm silica gel layer
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with 1:10- BtOAc—CHCl; developing solvent) was also effective,
although less convenient. Compound S(R; = CyHy, Ry=Ry=
Me) was obtained in this way as a homogeneous solid (1.3g;
61%), m.p. 37-40°; R, 0.5 with CHCl; developer; IR (CHCl,) 172§
and 1700 cm™'; NMR (CDCl; with CHCl; reference) 8 3.57 and

35 (s plus q, I=4.5Hz, 4, OCH, plus E-CH—E), 255 @,
J=4Hz, 2, CH,CO), 1.32 and 0.95ppm (m, 36, all other H's).
(Found: C, 74.19; H, 11.62. Cak. for CrHoOs: C, 74.52; H,
11.94).

Methyl 3-ketoeicosanoate (4, Ry = C;H;s and R, = CH,). The
procedure here was similar to the one used with the 14-carbon
ester. The reactants were isopropyl - cyclohexylamine
(39.8 mmol), BuLi (39.6 mmol), THF (100ml) freshly distilled
from LAH, MeOAc (19.8 mmol), and octadecanoyl! chloride (6.0 g
or 20mmol in 15ml of THF). The acylation mixture became
homogeneous at —15 to 0°, whennwuheldforMmm.Pmduct
was purified by column chromatography on silica gel, starting
wnhsolventhexanennd!hennomtohenneconummm-
creasin; proportions of CHCL. Compound 4R, = C;;H,s, and
R; = Me) m.p. 29-31°, was obtained in 63% (4.4 g) yield. Later it
was found that purification by dry-column chromatography on
silica gel with 2:1 CHCl;-hexane was more convenient. The
product showed one spot on tic (R, 0.57 with CHCl, solvent).
(Found: C, 73.75; H, 12.20. Calc. for C;HeOy: C, 74.06; H,
11.84).

Methyl 3-keto-2-tetracosanyleiscosanoate (S, Ry = C;Hys, Ry =
CH,, Ry = C3H) by alkylation. A mixture of 0.345 g (1.00 mmol)
of 4R, =Cy;Hys, Ry = Me) in THF (27 ml) distilled over LAH
was stirred at 0° for 30 min in the presence of commercial BuOK
0.119g; 1.05mmol). A soln of tetracosanyl iodide (0.51g;
1immof) in 11ml of THF that had been diluted with
hexamethylphosphoramide was injected (5 min), after which
stirring was continued for 10 min at 0°, at room temp. for 1.75 hr,
and at reflux for 6 hr.

The mixture, concentrated to about haf its volume, was
cooled, treated with 150 ml of 2.5% HCI, and processed further
to isolate the pale yellow crude alkylation product. Chromato-
graphy through silica gel (2:1 hexane-CHCl,) gave unchanged
tetracosany! iodide (0.12g; 24%), m.p. 50-52°, coming out first,
followed by the slower moving SR, =C;H;ys, Ry=Me, Ry =
C:Hay). This product (0.48g; 71%), which bad m.p. 69-70°,
showed a single spot on a tic plste (R, 0.5 with CHCly); IR
(CHCly) 1735, 1705 cm™'; NMR (CDCl; with CHCl; reference) &

0 0

I
374 (s, 3, OCH;), 34 (¢, J= Hz, 1, é-cn-g:). 25 ¢, I=7,
0

I
CH,C), 14 and 096ppm (s and t, 82, remaining H's). An
addmonaIAOn\sofproduct,m.p 69-70°, was obtained as a
mixture by processing various chromatography fractions.
(Found: C, 80.13; H, 13.24. Cak. for CHuOs: C, 79.81; H,
13.10).
Isolation of some dialkylation product, which showed no NMR
0 0

(NZ-CH—(ltsimalandahighCH,conmt stressed the importance
of avoiding more than equimolar amounts of BuOK. Using
tetracosanyl bromide in place of the iodide and -BuOH instead
of THF gave rise to the desired alkylation product, although in
lower yield. Neither NaH nor LiH in THF containing
hexamethylphosphoramide was effective.

3-Hydroxy esters 6 by borohydride reduction of the 3-keto
esters 8. The 3-keto esters § were treated with NaBH, in refluxing
MeOH or EtOH for 24 hr. The molar ratios of borohydride-to-
ketone varied widely—from 025 to 12-generally without
affecting the yield drastically. After the reaction period, solvent
was removed at room temp. under reduced pressures. The resi-
due was treated with water, NH,Claq or HClaq, extracted with
cther, and processed thereafter in the usual way. Column
chromatography or dry-column chromatography furnished pure
product, which in several cases showed two spots on tic and in

R

one case could be separated into the two
fmlhthcirmabwpdonspewa,mnllynkmmc}{
solution, the hydroxy ester products é showed absorptions
3600-3400 and 1725-1720cm™'. PMR spectra (generally i
CDCly) .for the 2-substituted products showed signals in
regions 8 3.9-3.4 (broad m, CHOH) and 2.5-2.1 ppm (m, CHC!

(R, = C(7Hys, Ry = Me, R,-H)uve Mkmh
84.0-3.8 (broad, CHOH) and 2.45ppm (distorted d, J=3Hz,
CH.CO).

Tables 1 and 2 give details for the individual runs.

Attempts were made to form 6 directly by adding the lithium
enolate of methyl docosanoate to the aldehyde carbonyl group of
tetradecanal or octadecanal. Runs were made with lithium
isopropyicyclohexylamide in  tetrahydrofuran-hexamethyl-
phosphoramide at temps ranging from —60 to 10° in 10° intervals
and for various reaction periods. In no case was there evidence
of condensation. The ester could be recovered in good yiel, and
tic showed only the two spots corresponding to the starting
materials.

Hydroxy acids 7 from esters 6. The methyl or ethyl ester 6
was refluxed with alkali in aqueous methanol or ethanol for
2-3.5 hr, then cooled and acidified with 5-10% hydrochloric acid.
The product was extracted with ether or chloroform, and the
extract was washed several times with water and salt solution,
dried and stripped of all solvent. The residue was purified by dry
or wet column chromatography. Table 2 gives the details for
individual runs,

In the hydroxy acid product 7 carrying a 2-alky] group, thin
layer chromatography developed two partially overlapping spots.
The tlc solvents found useful included mixtures of chloroform
and methanol, 20:3 benzene-methanol, and 1:1 chloroform-
cther. The hydroxy acids either neat or in chloroform solution
showed IR absorption maxima in the regions 3600-2500 and
1715-1695 cm™'. NMR spectra were taken with the compounds in
CDCl; or CCl,, with ordinary chloroform as the internal
reference. In all cases the hydroxy protons of 7 produced a broad
signal at §7.2-5, the proton at position-3 came as a multiplet at
4.1-3.4, the proton at position-2 as a multiplet at 2.7-2.45, and the
remaining methyl and methylene protons at 1.5-1.3 and 1.05-
0.95 ppm. In the single example of the hydroxy acid with methy-
lene at position-2, these methylene protons came out as a dis-
torted doublet. In all cases, the signal associated with the
hydroxyl groups was lost when D,O was added. Experimental
integration values were satisfactory. Tables 3 and 4 give further
information about the acids 7.
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R =C;Hss; Ry=Ci(Hy) directly by adding the dilithium
derivative of octadecanoic acid (formed with lithium di-isopro-
pylamide in tetrahydrofuran-hexamethyl phosphoramide® to
octadecanal. Tlc of the crude product mixture showed that the
only materials present were the unchanged starting acid and
aldehyde; further, the acid could be separated and characterized.
The possibility that the di-lithium derivative failed to form was
excluded by isolating large amounts of hexadecylmalonic acid
after bubbling carbon dioxide into the enolate preparation.
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